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Foreword 

This volume of the official history of the Medical Department, I *.S. Army, 
in World War II concerns malaria, from the standpoint of the preventive 
medicine efforts which were undertaken, both in the United States and in 
oversea theaters, during the period in which the United Slates was engaged 
in war against the Axis Powers. It is a comprehensive story written in the 
main by authorities in mahiriology, particularly in the fields of survey and 
control. The authors, themselves, were intimately associated with the. work 
which is related within these pages—work which required a highly technical 
knowledge «if the subject; work which required the training of hundreds and 
thousands of other officers and men: work which required staff coordination at 
the highest as well as at lowest unit command levels: work which was hot, 
dirty, wet and which many times involved the dangers inherent in combat itself. 
It was in the latter areas that prevention and control were not only most 
difficult to carry out, hut for which the «lire necessities of control were so 
obvious. 

During the peacetime years immediately before World War II, the Army 
Medical Department was generally alert to the problem of malaria and the 
potential noneffectiveness which could arise from this disease. Relatively 
small numbers of trooj>s, however, were subjected to this danger—mainly in the 
Panama Canal Zone, Puerto Rico, the Philippine Islands, and the Southeastern 
United States. In these areas, a small group of Medical Department personnel, 
working with command sup|K>rt and to some extent with local civilian public 
health authorities, had reduced the malaria attack rates among the military 
personnel and the American civilian employees to a low level. Individual 
malaria discipline, as it was called, supported by improved, strict, and nil- 
junctive sanitary measures on military posts and surrounding areas, was 
effective. Army admission rates for malaria dropped from 1.10 per 1,000 jier 
year in lJKK» to about 4.6 in 19.18. For example, aggressive control measures 
in the Panama Canal Department had reduced the rate lor primary and recur- 
rent cases in U.S. Army personnel to a satisfactory low just before World 
War II. Extensive malaria surveys had been conducted in the Philippines 
prior to the war by medical personnel of the Army in conjunction with the 
Rockefeller Foundation. Even on Hainan, the vector had been identified 
and the incidence of malaria in the native population had l>eeu determined. 
Unfortunately, because of the lack of public health funds, little or no control 
measures on Bataan had been effected l>efore the war. This, as discussed ia 
chapter IX, was later to contribute to a military catastrophe. 

The conditions and environment of a relatively static garrison life of an 
army in peace time nre much different from those imposed by war.   In the 
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former, an orderly approach can be made In sanitation control and prevention 
of disease, such as malaria. In war, this setting changes abruptly and rapidly, 
nnd there nrise many uncertainties, nut tlie least of which are im|wised upon 
us by the enemy, foreign and unknown terrains, climatic conditions to which 
our troops are unaccustomed, the various mores of Allied as well as hostile 
nationals, the great variances in global jiersonal and public health standards, 
and many such other problems. In the control of malaria, which alone caused 
SOO.tMH» hospital admissions in World War II. there were paramount ohstacles 
to be attacked and surmounted. 

From the earliest days of the entry of the Tinted States in World War 
II, in addition to the physical conflict in which the Army was engaged, there 
was also this constant battle at home anil overseas between the Army and the 
causative agent of malaria and the mosquitoes which spread the parasites from 
man to man. As with bullets and high explosives, there was with malaria no 
res|iecl for rank, color, sex, creed, or el hnic origin. 

Malaria control became, thert fore, one of the major concerns of The 
Surgeon General and of the entire Medical I>epartmeni. and it remained one 
of high priority throughout the war. In order to plan for and successfully 
implement the plans for the war against malaria, it was not only necessary 
to understand the basic facts of malaria epidemiology, hut it was likewise 
necessary to understand the basic clinical considerations. Additionally, knowl- 
edge of the strategic concepts and plans and the place and liming of future 
tactical operations had to lie gained. It was necessary to develop and evaluate 
medical intelligence on diverse and little-known areas of the world. Comi>eteiit 
personnel had tobe obtained to devise and direct the overall malaria program, 
and other trained pei-sonnel had to lie located and dispatched to implement the 
program in the Held. Training schools had to he established for olliccrs as 
well us for enlisted men. The procurement of supplies and equipment and 
their shipment to appropriate destinations were of the utmost in>|>o>tancc. It 
was necessary to organize and train s|ieciul malaria survey and control units 
and to arrange for their movement and employment consistent with their mis- 
sion. It was likewise necessary to orient nnd educate commanders at all levels 
with the need for control measures and malaria discipline for, obviously, com- 
mand support is a must in any such undertaking. Where commanders under- 
stood the dangers involved and the methods by which these dangers could be 
overcome, the health of the troops wits preserved—one might say in direct 
proportion to the command support given to the effort. For the troops, train- 
ing programs and training media had to be prepared nnd presented, for as 
always, much of any success or failure depends upon the knowledge and mot i va- 
tion of the individual soldier. Not the least of the elements of necessity that 
arose was the time, effort, and money which was devoted to research in the 
field of antimalnnal drugs, insecticides, lnrvicides, nnd repellents. This went 
into high gear by mid-1943, and the cooperative efforts of the Army and Navy, 
other Federal agencies, and civilian medical schools, industrial firms, research 
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institutes, und other private health organizat ions were a causal ive factor in I lie 
final success of the niulnrin program. In all of these endeavors, every effort 
was made to keep our Allies informed of the technical progress and so pro- 
Tided an exchange of pertinent information and experience. Major l»enclits 
accrued for all concerned. 

As Dr. Paul K. Kusscll i>ointsout in chapter I. the greatest advances inaile 
in malariology during World War II wen- in the development and use of 
synthetic antimiilnrinl drugs and residual insecticides. We learned to use 
Atabrine. lteseurch into and clinical studies of other aiitimalarinl drugs 
were made during and continued after the war and have resulted in even newer 
and more useful drugs. From the staml|Miint of the new insecticide, 
DDT, many trials were conducted. Large i|iiaulities were produivd. dis- 
tributed, and used in all theaters with outstanding success. The research, de- 
N »lopment, clinical study, and application of these products during the war 
was a massive joint effort by military and nuiimiliiury |iersoiiiirl. by (Jovern- 
ment and civilian agencies, with a great pooling of resources and cooperative 
spirit. 

As one reads this book, one can but lie impressed with the tremendous 
numlier and scope of malaria surveys which were conducted by the various 
Medical Department survey units which were located eventually in every a|>- 
propriate theater of operations, as well as in certain ureas «if the I'nited Stales. 
These officers and men, under adverse conditions, steadfastly and unrelentingly 
Studied and reported on the characterist ics of the area where I hey were located, 
whether in South or Central America. Africa. Italy, Iturtmi, or some stra- 
tegically located island in the far reaches of the Paeilic. Physiography, cli- 
mate, native population, general health situations, habits, and distribution 
of the mosi|iiito vectors were included, llasic knowledge and facts were 
sought and obtained. Based upon this information, malariologists. epidemi- 
ologists, entomologists, malaria control units, and combat and service troojw. 
employing their individual and collective efforts and facilities, strove to im- 
prove malaria prevention. The Army Air Forces cooperated by providing 
personnel and airplanes by which the spraying of large areas of terrain was 
accomplished.   In many areas, this proved of inestimable assistance. 

Many practical lessons learned from these war e.\|terieiices are included 
within the pages of the various chapters of this volume. A few of the more 
pertinent are: The need for malaria control enlightenment of line commanders; 
the requirement for utilization of medical sii|iervisioii of, and didactic malaria 
control training for, all troops regardless of branch or service; the relative 
emphasis to lie placed upon environmental control measures vis-a-vis the per- 
sonal measures of the individual soldier, including suppress!ve medication: 
the use of special malaria control organizations: and the place and res|M>nsibtli- 
ties of the malariologist in the overall medical framework and organization. 

In discussing these and other matters, the authors—as one might e.\|>eci— 
hare been somewhat repetitious.    In order that the individuality of the authors' 
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presentations might remain, the editors have intentionally permitted such rejie- 
titions to stand. There were other reasons, also. No two areas were exactly 
alike. Conditions of combat, terrain, environment, iiersounel, supply, and 
other factors were dissimilar. And, individual interests of participating |HT- 

sonnel, as WPII as readers, in reality dictated the individual approach. 
In this great effort toward the eradication of malaria, resultinjr its it has 

in an improvement in mankind's environment, the Medical Department of the 
Army takes natural and justitiahle pride in the role which it played on the 
antiiiialaria team during the war. Nowhere was its mission, "to conserve the 
lighting strength," more typified and of more importance than in the minds, 
souls, and luxlies of the thousands of its dedicated officers and men wherever 
they were engaged in the Imttle against malaria. To these, our country and 
our Armed Forces are ever grateful. 

LEONABD D. IIKATOX, 

Lieutenant OcnemI, 
The Surgeon General. 



Preface 

A momentous chapter in the history of wars is the story of the do vast nt ions 
caused by lmihiriu. Han has struggled under the ravages of this disease and 
many other incapacitating and lethal illnesses transmit ted by insects, mites, 
and ticks, diseases which seem to 1m especially destructive in wartime. For 
example, as Dr. Kusse! 1 lias stated in the first chapter of this volume, from 9 
July to 10 September 104:1, during the active campaign in Sicily, malaria was 
responsible for the hospitalization of U1.4S-2 American soldiers as contrasted 
with 17,375 hospitalized because of wounds inflicted by the (icrnmii-Italian 
forces. Since most of those infections were with Phixmodium vicau; many 
relapses occurred in the crucial spring of K>44, and so deprived the American 
forces of valuable manpower. 

World "War II saw great advances in military preventive medicine, and 
in particular in the control of malaria. The effort is by no means finished how- 
ever, and certain lessons that were learned in World War 11 can I» helpful in 
guiding our preventive programs in the future. Prolmbly the most important 
lesson to be learned is that effective malaria control in military operations in 
malarious areas will fail unless the line commanders at all echelons are spe- 
cifically malaria conscious. Clearly, the control of malaria and otlter arthro- 
podborne diseases is not a task that tlie Army Medical Service can undertake 
alone. There must be education and training of Itoth medical and line officers 
toward a definite understanding that control of these diseases is a broad military 
problem with immediate application to actual striking power. Malaria dis- 
cipline is necessary to an army's success in many areas of the world. 

Tlie experiences of World War II have shown that control of malaria can- 
not be really effective without a special military control organization, which 
must actively and continuously function and give full and undivided attention 
to the problem. 

The volume presents the story of the difficulties as well as the triumphs in 
the constant fight against malaria during World War II. Kach author is a 
specialist, wlto has written from the vantage point of his own close experience. 
Thanks are extended to tlie authors for their willingness to undertake this task 
of writing, which has meant long hours of work snatched from busy schedules. 
Each chapter has been reviewed by one or more ex|ierts who have advised the 
authors as to scope, coverage, and technical accuracy. Thanks are expressed 
for this valuable help to: I)r. Justin M. Andrews, Col. Samuel C Dews, Dr. 
Elliaton Farrell. Col. Hugh K. Gilmore, Jr.. Mr. William A. Ilardenhergh, 
Prof. .lohn M Henderson, Prig, (»en. Karl Maxwell, the late Dr. Maurice C. 
Pineoffs, l*i. Karle llice. dipt, .lames S. Sn|tero, C.S.X., Mr. Millard E. Smith, 
Dr. Alan Stone, Col. William S. Stone, and Dr. Stanley F. Voiles. 
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As ill the case of the previous volumes of the Preventive Medicine series, 
members of the Advisory Editorial Board have been closely associated with 
the planning, writing, and preparation of the volume. Grateful thanks are 
tendered to Dr. Stanhope Hayne-Jones, Chairman of the Board, for his careful 
review of every chapter. Dr. Paul F. Russell, the member of the Advisory 
Board with special concern for the subject matter of this volume, lias Iwen 
consulted in all phases of its preparation. Dr. liussell has participated sig- 
nificantly in the selection of authors and has corresponded with them as to 
content and presentation, lie has scrutinized each manuscript meticulously 
and has advised in numerous technical details. The editors, authors, and 
readers of this volume owe a particularly wann debt of gratitude to Dr. 
Russell. 

The editors are grateful for this op|*>rtunitv of thanking the President, 
Chancellor. Comptroller, and other officers of the Medical College of Virginia 
whose coo|>eration has made jwssible. the work of the editorial office at the 
Medical College under contract with the Office of The Surgeon General. 

It is a privilege for the editor of the Preventive Medicine series to ivcord 
here his cordial thanks to Col. John Boyd Coates, Jr.. MC. PSA. Kditor-in- 
Chief of the History of the Medical Department, P.S. Army. World War II, 
of which this series is a part. The comprehensive history of the Medical 
Department, under Colonel Coates' inspired and competent direction, will stand 
as a major contribution to medicine. Colonel Coates has continue«! to ex|>edite 
the publication of these volumes so that they may be available as soon as pos- 
sible. He and his staff have produced books of high quality in Imth ap|teamnce 
and content. 

The authors and editors have again greatly relied upon the services of the 
Medical Statistics Division of the Office of The Surgeon General. Mr. E. L. 
Hamilton, Chief, Mr. A. J. McDowell, Assistant Chief, and Mr. M. C. Rossoff, 
Assistant Chief, Statistical Analysis Branch, have not only provided essential 
data but have also checked and reviewed all statistical information in this 
volume. Their contribution has been a substantial one. The Scientific Illustra- 
tion Division, Medical Illustration Sen-ice, Armed Forces Institute of Pathol- 
ogy, under the direction of Mr. Herman Van Cott, prepared tlie illustrations 
for this volume. Maps were prepared by Miss Elisabeth P. Mason, Chief, 
Cartographic Section, and Miss Jean A. Saffran. Cartographic Draftsman, of 
the Special Projects Branch, The Historical Unit. 

The editors gratefully acknowledge the assistance of Mrs. Elaine R. 
Stevenson, Publication Editor of the Editorial Branch. The Historical Unit, 
who performed the manuscript editing and prepared the index for this volume. 

EBBE Cnrris Horr, Ph. D., M.D. 
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CHAPTER I 

Introduction 

Paul F. Russell, M.Ü., M.P.H., Sc. D. 

But. as to public mutter», it is dearly In military wrvlce that 
the mviiites mnde by the diseases of iimlnrlii have IMH-II frequent, 
serious, uiul often ruinous: while if those lim-i> sonit-tiiiM-s lireii 
inevitable, they have much to» often IMH-II the results of negiert, 
or of what should be railed ignorance • * *—M.vci rtjjxil. IN'J». 

At first, in tliis «'ri«»s on the history of preventive medii-iiie in the P.S. 
Army in World Will- II. it was planned t<» include in one volume accounts of 
all the arthropodbome diseases tlnit afflicted our troops throughout the world. 
But because of the size, scope, and attractiveness, us well us (lie importance of 
the manuscripts prepared by malariologists with wartime experience, the 
editors decided to devote mi entire volume to malaria and a subsequent volume 
to be entitled "Arthropodbome Diseases Other Than Malaria." This volume 
will include m-counts of some 1"> diseases spread by mosquitoes, mites, ticks, 
lice, and fleas. 

The following chapters tell the story of the life and death battling that 
went on continuously at home mid overseas during World War II between the 
U.S. Army and the plasuiodia of malaria together with certain species of 
Anophelc» mosquitoes that spread the parasites from man to man. In many 
engagements, urthropodhorne diseases, especially malaria, sent more soldiers 
to hoep'tal beds limn did the armies of the Axis with all their guns, planes, 
and tanks. For example, as noted in chapter V (p. 'MM), from !» July to 10 
September 1943, during the tierce Sicilian campaign, there were äl,48"2 hospital 
admissions for malaria compared with 17,375 buttle casualties. Because most 
of the infections were with f'f(i*motfivm rirtw. there were many incapacitating 
reiiipses during the spring of 1044, a time when every man was badly needed 
at Cassino and Anzio. 

Naturally, malaria control became one of the main concerns of the Pre- 
vent ive Medicine Sen-ice of the Office of The Surgeon General. The importance 
in the Army's final conquest of malaria in World War II of the massive and 
steadily maintained primary administrative attack, initiated by Brig Gen. 
James S. Simmons, and fully supported by The Surgeon General and by the 
Chief of Staff of the Army, can hardly be overemphasized. Details have been 
given by Ilardenbergh * and by McCoy (see chapter II). 

» HnnJ.nl.-nh. Wlttlan A.: Control of I««**t». /» Mudiml nepartmen«, (Jutted States Army. 
Prerenttr«» M*<tMn? In World War II. Volume II. Knvlronmentnl Hygiene. \Vii»lilnicton: I'.S. 
Government Printing Otter. IMS. pp. 170-2.12. 
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This power of the mosquito tn knock out our soldiers was particularly 
manifest in the South anil Soulliwest 1'acilic. I shall not forget (ien. Ihiiiglas 
MacArthur's statement to me in .May 1!»4.">: "Doriiir," In» said, '•this «ill la» M 

long war if for every ilivision I have fin injjr I hi» enemy I must count on a 
second division in hospital with malaria and a third division convalescing from 
this debilitating disease!" The general was not at all worried al>oiii defeating 
the Japanese, but I i> was greatly concerned about the failure up to that time 
to defeat the Anophrh* mosquito. Thanks to this linderst a tiding of the power 
of the Plagmod!um-n\thvit]>i»\ axis and thanks lo the sii|ieHi ulliirk on these 
enemies by American and Australian antimalaria |>ci-soniic1. as recounted in 
chapters III and X, U.S. Forces from mid-Ml4:'» onward waged a fast and 
successful war through some of the most  malarious areas on earth. 

Nearly all of the chapters that follow «ere written soon after the war by 
men who took an active part in I IK» struggle. Place names. cpidcniiological 
facts, and authors' titles ap|H»ar as they existed during the |H>riod of World 
War IT. The authors have not glossed over early mistakes and omissions 
which permitted malaria rates in I'.S. Forces to climb, at times, to such appall- 
ing heights as 2,7(10 per 1,000 on Kfate, in the second month of occupation: 1.7*1 
per 1.000 on (Jundiilraiial. in Xovemlier l!U:i: 4.00» |K»r l.ooo at Milne Hay, 
in late 1!>PJ: and the fact (as noted in chapter IX) thai malaria hastened the 
surrender on Batiian. Kach author has attempted to give an accurate account 
of the difficulties and the errors—and of the ways in which these were over- 
come. There are valuable lessons in these chapters, published not merely for 
the record but in the 1IO|M» that some of the pitfalls may he avoided in the 
future, although j>erlmps one is unduly optimistic to believe that the lessons 
of one war are ever rememliered in the next. That memory is a sieve has l»eeii 
demonstrated over and over again with regard to military malaria control. 
Quoting Macculloch,* ***** and still it would seem, as if fatal, that the 
wisdom and experience of one generation should lie forgotten by the next, that 
peace should extirpate the knowledge that had l>een gained in war * * *." 

MALARIA IN PAST WARS 

For centuries, it has been recognized that there must be command respon- 
sibilities if preventive measures against disease are to lw successful in military 
forces. In 1764 for example, John Pringle noted the fact in the preface of 
his classical book on diseases of the army that he was writing ufor the informa- 
tion of officers as well as physicians.*' * Both in his preface and in tin» text, 
he wrote that "the prevention of diseases cannot consist in the us* of medicines, 
nor depend upon anything a soldier shall have it in his »MI wer to neglect, hut 

»Maralloch. Joha: Malaria ; an ?>►*.» on the Prodartloa «Ml I'ronacatloa of Tkla !»<ilaoa and 
SB the Nature and Loealltlw of the Mac«- by Which It la Prodacrd: With •■ KaaatrratU-a of the 
DtWMH Canned by It, and of the M»an« of PreTeatlac or Dtalalrhlng- Tka. tV.th at ll"»- and la 
the Naral and Military ferric*. Philadelphia: Taoau« Kite. 1*2». 

•Print!*, Joan: Oborrratloa« oh the IMaeaaeii of the Army. 4th «dllloa. Load*« : A. Millar. 
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upon such orders as shall not appear unreasonable to him, ami such :is In- 
must necessarily oliey.'' In 1!)10. Col. C. II. Melville,' professor of hygiene. 
Royal Army Medical College, Ixmdon, wrote for Ronald I toss a chapter on 
mnluria prevention in war. In this, he commented that as regards uiitininhiriii 
measures: "A specially selected medical officer should be placed in charge of 
these ojierations with eweeutiee and dittri/ilimiri/ /juirrm. a step that has proved 
to be so effective by the officers of the T.S. Army in Cuba anil elsewhere." 

It is a simple truth that, in an army, discipline is as important in lighting 
disease as in fighting the human enemy. Rut this seemingly obvious fact was 
almost completely forgotten in the early months of World War II when there 
was often what Macculloch referred to in 1829 as "a contempt and an incredu- 
lity res|>ecting malaria." The attitude of all loo many command ofth-ers was 
at first similar to thnt re|H>rted of a general officer in a highly malarious aiva 
who, at a time when some 40 percent of his foiivs were already ill with malaria, 
resented all suggestions of malaria prophylaxis and said that if one had to 
play with mosquitoes in wartime that |>erson should go Imck to Washington 
and stop bothering him while he was so busy getting ready to tight the .laps. 
Unfortunately, before his forces did any tight ing at all. they were ignominioiisly 
routed by nuopheline mosquitoes and were all evacuated to a rear area for 
malaria therapy and convalescence. 

Most line officers and all too ninny medical officers at the beginning of 
World War II were ignorant aliout malaria and its poientinl for disrti|>ting 
military operations. This was understandable in newly recruited i>ersoiinel 
but hard to excuse in regular officers presumably train«I to light in any part 
of the world. For the history books are full of examples of malaria's military 
power. As Melville wrote: "The history of malaria in war might almost be 
taken to l»e the history of war itself, certainly the history of war in the Chris- 
tian era." He mentioned the fevers in the French and Austrian armies in 
the Italian campaigns of 1859 and the disastrous Walcheren Expedition a 
century earlier in the Low Countries when the British were conquered by 
malaria before a battle could be fought. Melville commented on the 1864 West 
African campaigns as follows: "It can scarcely be called a war, as an enemy 
was never seen, or a grain of powder expended; our troops were defeated by 
disease, much of which was preventable.*' Then, there was the French cam- 
paign in Madagascar in 1895 when there were 13 deaths in action and over 
4,000 deaths "due almost entirely to malarial fevers and tlieir sequelae." 

Numerous other examples could be cited, such as that of Macedonia in 
World War I when malaria immobilized British, French, and German armies 
for 3 years, (m one occasion, when the French commanding general was 
Ordered to attack, he replied: "Regret that my army is in hospital with 
malaria." Xearly 80 percent of 120.000 French troops in this area were hos- 
pitalized with malaria.   In an average British strength of 124.000, there were 

•MrlrUI*. C. H.: Tto Ptmatloa at lUluta la War.    In The Prrrratloa of XalarU ay BoaaM 
•.    Sd «fltloa.    Loatoa: Joaa Mirnjr. 1110. pp. »77-3*9. 
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162,512 admissions lo hospital for malaria during (IK- years l!M(i lo l'.llS, in 
contrast to 2-S.7(l'2 killed, wounded, prisoner, and missing in net ion. In tlie 
spring of HUM, about LTI.IKKI British soldiers wciv sent home from .Macedonia 
with chronic malaria, and, apart from these evacuees, over 2.()tMI.{HN) man-days 
were lost to the British Army in this aivu in l'.MK bet-uuse of malaria.1 

BASIC MALARIA EPIDEMIOLOGY 

To understand why malaria can so seriously disrupt an army, one must 
know a few basic principles of malaria epidemiology. For example, except 
for occasional accidental infections, as liy Mood transfusion, man acquires 
malaria only through the lute of an anopheline mosquito. No ot her genera can 
transmit the disease, and. in practice only, ahoiit .Ml of some lilK) sjH-cies of 
Ann/ihchtt are closely enough associated with man to lie dangerous. .Most 
anoplielines feed on animals. Then1 was no malaria in New Caledonia because 
there were no Anophrfo* mosquitoes there. No malarial infections occurred 
on the flat coastal plain or mangrove swamp areas of the Philippines because 
the anoplielines in those areas do not feed on man. In the Philippines, malaria 
is transmitted by a s|>ecies of AnopheU* that breeds chiefly in foothill streams. 

Secondly, there can lie no malaria transmission if there are no malaria 
parasites in man available to the mosquitoes. For example, there are potent 
malaria vector mosquitoes in many areas of our Suit hern States hut no malaria 
transmission because none of the residents has malaria parasites in his blood. 
When soldiers bivouac in communities when» then» are jNinisites in the blood 
of tiie residents and vector mosquitoes in the area, it is a foregone conclusion 
that many of the soldiers without protection will become malarious. This, 
in turn, will increase the parasite reservoir, and there will be an epidemic 
among the soldiers unless preventive measures are taken promptly. Another 
important fact is that anoplielines arc rarely effective vectors over a radius 
much longer than a mile and a half. Yet time and time again, troops wer« 
allowed to bivouac in highly malarious surroundings when safe locations could 
have been utilized a mile or two away. 

It is also important to know that different species of anoplielines have 
different breeding habits. All develop only in water, but some prefer rice 
paddies, some pools and puddles, some foothill running streams, some swamps 
or ponds, some marslies, some wells, some fresh water, some brackish, some sun, 
and some shade. Therefore, malaria control requires the help of trained 
entomologists or malariologists wlto know or can find out tlie habits of the 
mosquitoes. For example, on Guadalcanal and in West Africa, wliere tlte 
vectors breed in ".tools, puddles, and wheel ruts, U.S. Armed Forces created 

•<1> Kumrll, Paul P., Wut. Latter «... t»d llaawrll, RrrrlMld II.: Ifnrtlrnl Malark>l<*.v. 
Falladrlpala : W. B. Sanadera Co.. JW«. (3) MarlKaald. A. G.: Pwwatl..« or Malaria, /a llUmry 
of tk* Urrat War Baaed oa OBMal Dm-aawata. Xrdlral Hrrrlrr». IlirViw of thr War. «Mini by W. 
0. Macidwrwa. W. II. Horrocka, aad W. W. 0. Bercridav. Iondnn: lila *da)r>l.v'> Stationary OaV». 
1K3. T..I. II. pp. IS»-2» 
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thousands of breeding places for the local malaria vectors and thus greatly 
increased the numbers of malaria mosquitoes and so the cases of malaria. 

The fact that most anopheline vectors feed only at night is important. 
Tn West Africa and elsewhere, U.S. Forces suffered from much preventable 
malaria by permitting unprotected soldiers la attend night movies where they 
were easy prey to the night-biting malarial mosquitoes. Air Forces personnel 
taking planes from the United States to the United Kingdom via South 
America and West Africa were often billeted in unscreened or jxxirly screened 
quarters at Eknes Field and in the I>akur-liutisque area of French West Africa 
where the malaria rates among the base personnel, in the autumn of 1943, 
sometimes exceeded 1,500 per l,ooo. Many Air Forces officers who had spent 
a night or two in these areas, therefore, developed malaria in noninalarious 
England and so were out of action when badly needed. 

The epidemiology of malaria and the technical application of control 
measures are basically the same in military as in civilian communities. But 
there are some differences. The following features, for instance, tend to make 
malaria control easier under wartime military conditions than in civil life: 
Complete authority of the commanding officer, uniformity of living habits of 
the iiersonnel, and ample aiitimalaria funds and supplies. Hut other features 
impose handicap: for example, troop mobility and dispersion, necessarily 
based on tactics and not on sanitär)' conditions; a great deal of vital nocturnal 
activity; difficult logistics, especially in combat zones; enemy action, mines, and 
hoobytra|M<: and comlmt. tension when the chief concern is not malaria control 
but immediate life and death. Moreover, a military force operating where 
malaria is endemic generally finds the malaria potential greatly increased. 
In jungly areas, necessary clearing opens up breeding waters for anopheline 
vectors that prefer sunlight, and other o|ierations often tend to multiply 
breeding places. In civilised areas, wt.r often forces the people out of cities 
into the malarious countryside whew they live in slielters exposed to infective 
mosquitoes. I>xal health services are disrujtfed or abandoned so that there is 
no civilian malaria control. Thus troops may be exjiosed to malaria incidence 
much greater than normal for tlie area. Trenches, foxholes, tank traps, gun 
emplacements, vehicle nits, shell, bomb and mine craters, sabotaged irrigation 
projects, streams jtonded by bridge rubble and improvised causeways, drainage 
blocked by hastily built airfields and highways, all may provide additional 
breeding places for malaria mosquitoes. An army must depend largely on its 
own efforts to prevent loss of manpower due to mosquito action.* 

MALARIA LESSONS FROM WORLD WAR II 

The following chapters make it clear that out of World War II came 
Certain fundamental lessons regarding military malaria control. The principal 
general lesson was that it is impossible to control malaria effectively in military 

•Sw footnote 5 (1). p. 4. 
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forces in highly malarious areas unless commanding officers from highest to 
lowest echelons are innlnriu conscious. Training und educal ion of hot li medical 
and line oHicers in regard to malaria and its control are essential. Malaria 
control in the army is a military problem. A malaria policy must not only lie 
formulated: it must be enforced. Malaria discipline is alisolutely necessary to 
an army's success in fighting tlie I'fa«mo<flHM-mo>*\\i\to axis. This malaria 
discipline isa pari of what Sir Neil Cantlie. Dins-tor General of llritish Army 
Medical Services, called "Health Discipline" ami which he defined as "measures 
that concern the preservation of health and the prevention of disease which are 
enforced by disciplinary means." : <'nut lie tells of one con inlander who, when 
lie hud gras|>cd the im|K>rtaucc of Itrijr. N. 11. Fail-ley's proof that clinical 
malaria could lie prevented by taking a tablet of Alabriiie (i|iiinacriue hydro- 
chloride or mepacrinc liydi-ochloridc) a day. said : "Von doctors think you can 
prevent malaria, but you can't. 1 can and I'm going to." This lay officer's 
declaration that he was going to prevent malaria signified a vital turning |xiint 
that, made victory jtossible. Again quoting Cantlie: "'When for the tirst time 
in history a combatant officer was considered unlit to command a unit on the 
grounds that he had allowed bis inen to ln-come ineffective through disease, 
a new day in military medicine dawned. The clouds of forget fulness must not 
be allowed to overshadow the brightness of that day." 

The second general lesson was that it is scarcely jiossilile to control malaria 
successfully in any but lightly endemic areas, or in small units, unless there is 
a special military malaria control organization to survey, plan, execute, SII|M>I-- 

vise. and maintain the numerous and technical measures that must In- carried 
out continuously if malaria is to he defeated. 1'ersoniiel charged with all 
manner of sanitary duties cannot give the time and care to malaria that is 
required for its control. Full and undivided attention by a specially (rained 
malaria control organization is alisolutely essential. 

A third lesson was that malaria supplies and personnel require priority 
of movement commensurate with their ini|M>rtancc. For example, in some 
areas of Xew Guinea, malaria supplies ami personnel were more important to 
the success of the lighting than was much of the materiel being sent forward. 
Yet early in 1!U:J, malaria supplies for use in the Southwest Pacific were 
mostly piled up on the piers of the west coast of the United States. The few 
supplies that went to Australia stayed there and were not moved on to Xew 
Guinea because malaria supplies were about tenth down the list of priority of 
movement. In wartime, everything moves from the rear toward the front 
on strict priorities set by the theater command. When the need became obvious 
in May 104.1. the priorities for malaria supplies ami personnel were raised to 
first place, and tliereafter no serious shortages occurred. This action, together 
with the enforcement of malaria discipline and the provision of specialist 
malaria control and survey units, turned the scales, and malaria was thoroughly 
defeated.   These were the fundamentals: (1) Malaria discipline. (2) special- 

' Can til-. St.: Ilraltk DfavlpllB*.    C.S. Ara»d Farm Mrd. i. 1: SM-2.17, February IHK. 
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ized niiiliiriii eonlrol organization, und (:>) high priorities fur movi-incnt of 
malaria personnel and supplies. The military exiH-rieiiiv taught miri' again 
thnt the prevention of malaria is neither automatic nor simple Inn is com- 
pounded of law and |>crstiasion, organization and training, supplies and tech- 
nical application. Onco tlie fundamental lessons were learned, the military 
malaria problem was solved. 

ADVANCES IN MALARIOLOGY IN WORLD WAR II 
Certain advances in malariology during World War II should lie briefly 

mentioned. The greatest were in the development and use of (1) synthetic 
antiuialarinl drugs and (2) residual insect icides. 

Antimalarial drugs.—As regards nntimalarial drugs, World War II 111»- 
e rat cd us from quinine, taught us how to use Atabrine, and led us to such 
powerful new antimalnriuls as chloroquine and amodiaquin, priinaquine, pro- 
quanil, and pyrimethamine. Quinine and its source, cinchona Itark, had been 
the only effective medicament in malaria therapy and prophylaxis for over 
300 years. Then, when the Germans were unahle to obtain quinine during 
World War I, they began to experiment with synthetic substitutes, producing 
Plasmochin naphthoate (pamaquine naphthoate), in lShiö; Atabrine, in 10:>0; 
Resochin or Aralen (chloroquine diphosphate), in 1943; and Sontochin or Son- 
toquine, a little later.* liesochin, strange to say, was discarded by them as 
apparently too toxic. 

After the entry of Japan into World War II, the Allies were quickly cut 
off from Indonesia, the principal source of quinine, and so they U'gan an 
extensive program of research on antimalarials both in the United Kingdom 
and in the United States. The secrets of Atabrine manufacture had been kept 
in Germany but were soon solved by Allied chemists, and the drug was put into 
large production in the United States. Atabrine immediately gained wide- 
spread recognition as an excellent therapeutic agent, but there was some eon- 
fusion about its use as a prophylactic until the classic experiments of Brigadier 
N. Hamilton Fairley in Australia in 104.'!.* These proved beyond doubt that 
one tablet of Atabrine (100 mg.) a day would prevent overt attacks of malaria, 
curing those due to Plattnodiutn falcipanm and postponing clinical manifesta- 
tions of /'. rim* infections until the drug was withheld. With relatively feu- 
exceptions, this suppressive Atabrine could be administered for many days 
without serious toxic effect. The evidence is clear that the taking of suppressive 
Atabrine, when strictly enforced by suitable malaria discipline, enabled our 
forces to fight in highly malarious surroundings without being hampered by 
clinical malaria. 

• ill Corell. Cordon. Unatwy, G. Kofcert. »Id. Jnkn W„ and Stuck. Ja»want: Cheaotherapy of 
Malaria Mooorraob »»rt«. X... V'T. Urnen : World ll<-alth Omaltatlon. I»M. 18) Mort. Harrjr: 
Clinical Trial« of Antimalarial Drug». I» Medical IVpartnwnt. United State» Ar»r. Internal Medl 
etae la World War II. Volume II. Infectious Diseases. Washington : U.S. Gorerament 1'rlotloic 
OaVt,lMS. 

•Kalrley, X   H.: Researeties on l-aludrlne (M. 48SS) la Malaria.    Tr. Roy.   Soc. Tro|>. Mad. * 
'JI. 4012): 10.1 131. October IM«. 

85121»'— «3 :i 



8 COMMCXlt'AIH.i: MSKASKS 

After tlio Allied occupation of North Africa. I lie Allies learned ilwil I In* 
French hud found Sontoquinc lo have liij:li antimalaria value. This led lo the 
exploration of a largo series of 4-amiiioi|uinolilies hy investigators in I lie I'niled 
Stales. They determined tiiat Camoipim I aiin>diai|iiiii) and licsochin or 
And en were excellent nntinuihirial drills comparable to Alahrinc. Neither 
drii|; IMH-SIIIIP available lo the Army in any <|iiainily liefore the end of the war. 

Other wartime studies were directed lo the S-aiiiiuiM|iiiiinliiic> and led In I lie 
discovery of priiiiaiiiiinc in I'.H.V In the overall I'.S. wartime program u|i lo 
15)4(i, more than 15,000 coni|»nunds were studied for uiitiuiiilai'ia values. 

British investigators also carried out cxten-ivc --indies on malaria drugx. 
and these led to the synthesis of quite d ill emu hut highly elTtM-tive IIIIII|NIIIIII|S. 

proguanil or Paludrinc (clilorguauidc livdrochloride) in lull and Daraprim 
or iiuilmide (pyriiiictlmminc) in I'.i.'ti. iv|«orle»l by Covell and others. 

DDT.- Dichlorodiphciiyltricliloriiclhane (DDT) was lirst synthesized in 
1874 by a Viennese pharmacist. (Hliniar/eidler. who at the lime was« chemistry 
student, in Straxlmiirg interested in the then new phenomena of organic syn- 
thesis."' He did not investigate the prn|>erties of the new sill »stance lull simply 
published his synthesis. Then in I'.KIU in Switzerland. Paul Müller of t he (Seigy 
Company, searching for :i toxicant that would kill clothes ninths, resynlliesi/.ed 
this «impound and made his Nobel Prize-winning discovery that it was an 
insecticide, of remarkable versatility. The (Jeigv Company liegan in 1!>4<MI to 
market the substance in two forms: (I) A ."»-percent dust called (iesarol spray 
insecticide, at ihe time principally for use against |>otato I »eel lex, and (*J) a 
3-percent dust called Xeocid dust insecticide, for use as a lousicide. 

Due in large measure to the I'.S. Military Attache at Berne, Ma j. A. 11. W. 
de Jonge. samples of these products wen« sent to tlie Geigy Company's New 
York hrancli and lo (.oiidon. in Ihe aiilumn of VM± Studies at the Orlando, 
Fin., laboratory of the Bureau of F.utomology and Plant Quarantine demon- 
strated Iteyond «pieslion that this new insecticide had tremendous i»ossibilities 
not only ngaiusi lice hut also against several other noxious insects, such as 
mosquitoes ami housetlies." Willi the help of the War Production Board, the 
new insecticide was put into large production »s soon as |M»ssil>le. The now 
universally used name, DDT, was first applied liy the British Ministry of Supply 
in lttM."' DDT was lirst added to I.S. Army supply lists in May l'.U:i." 

(iahati and colleagues, in August 104.1, appear to have made the lirst prac- 
tical tests of DDT as a residual insecticide against adult vector mosquitoes.11 

» RII.IM.II. Paul F.: Man'» Ma.l.rjr o* Malaria.    S-w i'ork: Oxford Ualrrnltjr Pro«». IMS. 
<> KalpllnK. K. V. : TB* r»«.lopa>»t ■•< UM at DDT far lb« Conlrul of Moaanlto«. J. Nat. 

Malaiin Hoc. 4 : T7-92. June 1843. 
" Wrat. T. F.. and Campbell. O. A.: DDT. The InduMrlal CheaiM and Ckttakal Manufacturer 

10: 4111-41». S-pl-mb-r 1944. 
" Blabopp. F. C.: Prment Pnaltloa of DDT In the Control of Insect» of Medical Importance. Am. 

J. Pub. Health M: 5B2-606. June IM«. 
« Oakan. J. B., Trail., B. V., Morion, F. A., and Llnüaul.t A. W.: DlrT a» a Rf.Wu.ITyp. 

Treatment to Control 4a.aarl» tHMmrilalw; Practical T»l«. J. Kciinomlr Entomology. 
SB (2) : 231-2.1». April IMS. 
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They sprayed tin* interior surfaces nf Viiriims types <>l' houses ami found I In- 
procedure to IM*, quite effective agaiusl .{im/'/n li * i/ihiihiiii'iiiilnlii*. The lirst 
lield lest in which residual DDT was applied to I he interior surfaces of all 
habitations and outbuildings of a i-oiiiiiiiiniiy In test its elTeet on Anofhihi 
verlor* ami malaria incidence was liegiiu in Italy in I In* sjiriny nf l'.MI. This 
experiment was earned out in the town of Castel Yolturnoal the mouth "f I lie 
Yoltiirno liivur. north of Naples, by the Malaria Control 1 h-liionstration I'llil 
of lliu Malaria Control Iiram-h of the Public Health Sub-C mission. Allied 
Control Coiiiinission. Italy. Spraying IN*<;II 11 on 17 May lull, and this cx|>cri- 
liicnt, together with a second one started later in the TiU-r IK-Ila area, holed 
2 years." The .Malaria Control Demons! nil ion I'nil. under I lie direct ion of I>r. 
F.L. So|ier,I'onsisled largely of mcnilicrsnf the Rockefeller Fonndalion Health 
Commission who had hrillinntly carried out their lirsi assignment dial of 
assisting in typhus control in Naples. 

These highly signiliciiiit cx|icriinents, the first to prove the practical use- 
fulness of residual HI »T in malaria control, weiv |nissihlc only Invausc of the 
support given to them by the ranking CS. medical ollicer in die theater. Mnj. 
Gen. Morrison C. Slayer, and his preventive medicine ollicer, Col. William S. 
Stone, MC. and l»y the commanding ollicer of the Public Health Siih-Comiiiis- 
s if in. Brigadier (icorge Parkinson. 

As I>I)T supplies liecame more ahundant, many other trials under military 
and civilian auspices were carried out in ISM I mill 1!M."> in various pails of the 
world. They led directly to the concept of "nationwide malaria eradication'' 
now lieing applied practically in so many countries. DDT no doubt would 
eventually have found its place in malaria control, hut the war needs and ex- 
|ierimeiits greatly accelerated its acceptance ami use and led to the discovery and 
application of similar insecticides such as lienzene liexachloridc and dieldrin. 

Allied malaria control units demons!rated the value of malaria control 
by modem methods all over the world with such striking success I hat civilian 
authorities were willing after the war to budget large funds for antinialaria 
programs. There «in he no doubt that antinmluria activil ies of World War II 
constituted a prime factor in the development of the present move for world- 
wide malaria eradication. 

Other advances.—Besides the major advances in preparation and use of 
synthetic antiinalarials and insecticides just described, there were certain others 
as, for example, the improvement in repellent» represented by dimethyl 
phthalale; the increased scope of airplane larvicidal dusting with paris green, 
due to wartime research which raised the prewar maximum load of 700 to 
3,000 pounds, applied from the air with great efficiency; the development of 
pressure cylinders using liquid Freon-12 as a propellant for pyrethrum insecti- 

"8o|wr, F. I... Knlpr. F. W.. Cnlil. G. Rlrhl. I.. A., and Rnblno, A.: Rnlnrllini of ,1»»»»rl<» 
Density EaVeted t>T tk» Prr-Sraonn Snraylm of Bnlldlne Interior« with I)I>T In Keronene, nl Caatel 
Voltnrao. Italy, la 1044 43 and In the Tlbrr Prlla In 1043. A«. J. Trop. M«HI. 37: 177 200. Maren 
INT. 
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cide. t'\|H'll('d sis :III Aerosol misl; 1.1K; Iniiadciiiiig of laxiiiioiiiic and liioltigic 
knowledge of the genus Aiio/ihcle* around tin» world: ami increased under- 
standing of the 1'luxmodium and its growth in vivo, in vitro, and in tissue 
culture.1" 

'Flu* devising, manufacturing, and distributing of ant iinalariii supplies and 
equipment was notahlc in World War II from mid 1!U:> onward. I'linsiiiilly 
cffeciive coo|MM'ali<in from the lx>ginuiug of tin1 war was maintained among the 
Army. Xiivy, I'.S. 1'nlilii- Hoidtli Service, National Weseaich Council. Hurciiu 
of Kiiioiuology ami l'liint Quarantine of tin» U.S. Department of Agriculture, 
War I'rodiU'tion Hoard. Institute of I liter-American Affairs, industrial linns, 
medical schools, research institutes, and foundations. Information was freely 
exchanged between the I'nited States, t'nilcd Kingdom, and Australia: more- 
over, llie three Governments effectively su]>|Killed vital lnlxiratory and Held 
ex'ieriineuts. Seldom, if ever, have research ami practical application in pre- 
ventive medicine come closer together.17 

Man's net losses from World War 11 were so enormous that these lessons 
and advances can hardly IK» called dividends or be. pointed to with pride. The 
progress in iiiuliiriology. such as it was, constituted a sort of salvage, undoubt- 
edly of considerable value. 

Hut we can very definitely point with pride to the skill, courage, and 
devotion to duty of the »tersonnel, officers and men, of the malaria organizations 
of the Army in World War II. Trilmie is hest expressed in the following 
message which lirig. Gen. (later Mnj. (Jen.) Guy II. I>enit.'s Chief Surgeon, 
Southwest Pacific Area, published at his headquarters in December 1944: 

The redaction of Hie malaria attack rate in this theater tu a point at which it no 
longer constitute« a dnngcron» handicap to our ndlitary effort is un achievement of histori- 
cal InipurtuiHi- in iH-evcntire meiliclne. It has l«eeii the result of a joint effort which is 
to the great credit of all who hare participated. In this accomplishment the imilariolo- 
gists mid the iiinlariii survey ami malaria control mills have |>layed the major role. De- 
spite hardships and often danger, their achievements hnve Iwn notable. The Medical 
Department is proud of your initiative ami iwntevernnce, of your profc-lona! contrirm- 
tiji».. and nf the >t riMng stiwes»« of your efforts. 

The following IStli century quotation from Pringle (p. 2) seems 
appropriate in closing this introduction : "Yet, however, imperfect these sheets 
may be. I hope they may serve as a foundation for others to build upon; who, 
by making improvements on this subject, will concur with me, in atteni|>tiiig 
to draw from the calamities of war sonic liciielit to mankind.'' 

»HUI.WII. P. F.: Lemma» la Malarlologr Fron WorM War II. A». J. Trop. Med. 2B: 5-1.1, 
Januar* IMH. 

17 S.TUM».»III»» nn a National Malaria I'rojrraa» for Ihr Control of Malaria. Ja J. Nat. Malaria 
Hoe. .1 ID : Marrh 1IM4 Paper» preeeuted at the Joint »»»»Ion of the National Mnlarla Surf»!.» and 
the Anrrlran Society ..f Tropical Medklnr. nteetlag with the Southern Medical A««nrlatlon. at Cln- 
rlnnatl. Ohio, 1« is Nor. l«M:t by J. 8. SlmawiBa, O. K. McCoy, O. J. Brown. S. K. Kreehorn. II. 8. 
Climating, <:. (.'. Ihirhum. II. E Melenry. F. V. BMiopp, (S. A. Cardcn. Jr.. W. A. Sawyer, nnd J. W. 
Ilountia. 

'Tlenlt. 0. R.: Message front the Chief Bnrgesa in the Far Ea»l. Bull. U.S. Army Sled. Drpt, 
No. X«. p. .1.1. March IMS. 



CHAPTER II 

War Department Provisions for Malaria Control 

Oliver R. McCoy, M.D. 

ORGANIZATION IN THE OFFICE OF THE SURGEON GENERAL 

Although malaria ami other tropical diseases liail long IHIMI of concern to 
the Army in relation to posts in Panama, Puerto Rico, ami the Philippines, 
the military importance of these diseases increased in the fall of 11>10 with the 
acquisition and development of new bases in the CariMwan region. At this 
time, formulation of tropical disease control policies was included among the. 
functions of the Preventive Medicine Sulxlivision, although no organisational 
unit for tropical disease control was established until the creation, in April 
1041, of the Sulxli vision on Medical Intelligence anil Tropical Medicine of the 
Preventive Medicine Division.' This new subdivision was to (1) collect and 
coordinate data concerning problems in tropical preventive medicine and sani- 
tation, (2) coordinate the malaria control program of the Army in the I'nited 
States ami abroad, and (.1) maintain tiles of reports on the incidence ami pre- 
vention of the diseases indigenous to tropical possessions and bast's. 

The unit for tropical disease control continued in the same organizational 
status until '26 March 194*2, when Preventive Medicine was reorganized as a 
service. At this time, the unit was transferred to the Epidemiology Division 
and remained there until 1 January 1944, when it separated to become an in- 
dependent division.3   This status was maintained until the end of the war. 

Before 1 January 1944, the unit had no official internal organization. 
Upon becoming a division, the following organization and functions were 
authorized: 3 

Tropical Dim*«- Control IUvMm • • • Directs llic :ullvltie» of the Control Poli- 
cies Branch, the Kducation Branch, the Field Surrey Branch, »ml the Mnlartii Control 
Branch. 

romtrol Pnlicun Bnmrh • • • K»talillsbe>< pollcle» and procedure» for the preren- 
thm and control of tropical IIIM*HHCH in the Army in this country HIMI oversea». Maintains 
liaison with governmental and civilian atvude» concerned with tropical dlxcsM* control; 
analyse» data and re|x>rti< de« Una; with the morbidity and mortality from tro|iical dlneaiws 
in the Amur; recommend« Invent lea t Ion» of a| axial tropical dlwuM> situation» when 
Indicated. 

MHaW Order No. <J. Oflcr of The Snravon General. IIS. Army. IS Apr. ltMl. 
>Oflre Ordrr No. ■». omc* of The Kiirceon (leaeral. U.R. Army, 1 Jao. 1044. 
'Manual <»f Orjranltatlon and Httiailarri I'raetlee», Oflce of The Burgeon General. t'.H. Arai.v. 15 

Mar 1M4. 

II 



COMMI XICAUI.K l>ISKASi:S 

Education Hi it mil * • • Iuill.'iU's ilifurin:! I i vt< circulars. |ioslcrs, |iani|ililcls, anil 
«tlior ni'ilcrial; arranges programs of s|>cci.-il I raining fur scli-clcil |icr*oiiiicl nciilcil in 
tropical disease control. 

lit hi Harren llrimrli » • » Maintains com nit with Hclil luvest iunlioiis and tlt'ltl 
I'liinliliiiiis: |Kirlii'i|tali's in s|K-clal held Invostluatloiis ilcnliin: «illi [r<«i>i.-;iI diseases. 

Mil I it no I'milriil I! ranch * • • Kxcrcisi-s KCIIIT.I1 ailvlsory sii|iorvlslon over nclivi- 
lli's related in malaria control in tin- Army: advises on Investigations nf in>\v drags, 
materials, ami ii|iiliinit'lit applicable to the control «f malaria, ami makes recommenda- 
tions as to lli.'ir use. 

In XOVIMIIIKT 10-14. after the l'lvvfiilivi» Aletliiino Service moved to inte- 
grate llie critical iimul functions nf tin- Service in a single Health Education 
Unit, lit« Tropical Disease Control Divisinr was uuoiliciiilly reorganized as 
follows:4 

Tropical Dim-am- Vimlrol lHiinioii * * * Itoals with procedures anil policies 
bearing on the prevention ami control of tropical diseases anil maintains liaison with 
governmental anil civilian agencies coui-criied with the health of lho Army in tropical 
theaters of o|>cratiim. 

Field Surren Itranrh * * * Stmlies am] disseminates Informal ion ami makes rec- 
ommendations on rt'imrts from research Inlmrutnrics and Held oxiieriences in new methods 
for the conirol of insect-home anil other tro|iicul diseases. 

Hi*ca*e Amiliwix nraura • • • Analyses ami acts U|NIII reports concerning the 
incidence of tropical diseases anil initiales informative materials concerning tro)ileal dis- 
eases for induct rlniition ami refresher training»f triHi|is. 

Malaria I nut ml Itranrh • * • Assists hi the formulation of ixilley fur malaria 
control, niaiiitalns liaison with other divisions of the S<iO in matters relating to the training 
and o|ierational use of malaria control personnel, and selects and arrange« for special 
training of such iiersonnel. 

No personnel were specifically assigned to tropical disease control until 
IS May 19*2, when Lt. Col. (later Col.) Paul F. Kussell, MC, reported for duty 
as chief of the Tropical Disease Control Section within the Epidemiology 
liranch. Personnel of the unit always remained a small group, never enlarg- 
ing beyond four officers. 

ORGANIZATION FOR MALARIA CONTROL 

Control of malaria first became a problem when, in the fall of 1940, the 
mobilization program, involving the training of large numbers of troops in 
Southern States wliere malaria was endemic, was instituted. Planning of the 
organization, personnel, and finances necessary for malaria control at installa- 
tions in tlte continental United States became a function of the Sanitary Engi- 
neering Division, Preventive Medicine Service, OTSG (Office of The Surgeon 
General). Early in the year, steps were taken to obtain the cooperation of 
the U.S. Public Health Service in carrying out measure,  of «imitation in 

•Annual Report, Tropic«! Dlwue Control DlTlnlon, Preventive Medicine Service, OnHe of The 
Snrfeon General. IM«. 
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extraniililary areas."" Cooperation of this agency, which wa> lirsi utilized in 
maneuver aivas, was soon extended io include cxi r:n->im<mmt'iit WHIP* at Regular 
Army stations." The malaria control program in tlip coiiiinpuinl I'nited States 
was thus a i'<x>|x>rative effort, mosquito control within military reservations 
being carried out by the Army and in cxt ram Hilary zones liy the I'.S. Public 
Health Service. 

During 1941, the sum of £1..">IHI.(I00 for the Army's mosquito control pro- 
gram was obtained through a special allocation of funds by the budget officer 
of the War Department.7 The work was carried out by post surgeons under 
the general direction of the corps area surgeons, utilizing the advice and assist- 
ance of entomologists and sanitary engineers. In Dpccmlier 1041, the Corps of 
Engineers took over the responsibility for mosquito control work which was 
previously tv function of the (Quartermaster Corps. Post engineers were author- 
ized to employ civilian laborers and supervisors to perform the control work. 
Beginning in July 1943, insect and rodent control sections were established 
in the. Office of the Chief of Engineers and in the offices of service command 
engineers to promote and coordinate the various tisjiects of the mosquito con- 
trol program. The Medical Department retained ivsjtonsiliility for surveying 
the malaria problem, recommending measures needed for com ml, and exercising 
technical supervision over the execution of these measures.8 

As a result of the cooperative antimosquito program of the Army and the 
U.S. Public Health Service, the malaria rate among troops in the continental 
United States was maintained at satisfactorily low levels in 1941 and 1942 and 
dropped to almost negligible figures in the succeeding years. The rates per 
1,000 per annum during the war period were as follows: For 1941, 1.7; 1942, 
0.(5: 1943, 0.2; 1944, 0.2; and 1945, 0.1." The effectiveness of the program may 
be judged by comparison with the average annual rate during the 10 preceding 
peacetime years, 1931 to 1940 inclusive, which was approximately 2.3 (chart 1). 

The situation was quite different, however, in oversea theaters, especially 
where conditions of combat prevailed. By the time the Tropical Disease Con- 
trol Section was established in May 1942, malaria had become a «lisease of 
crucial military importance. A definite organization was needed to furnish the 
expert technical guidance require«! for effective control among troops operating 
in the field in highly endemic regions. Experience in other armies and in 
civilian malaria control programs had repeatedly demonstrated that, to obtain 

•Letter. The Secretary of War, to Administrator. Federal Security Agency, 30 Jan. 1M0, and 
reply dated 12 Feb. 1B40. 

• Letter. The Adjutant General. War Department, to Commanding General». First, Second, Third, 
and Fourth Armies, and Commanding General of each Corps Area. 4 May 1940, subject: Extension 
of Present L'tilisatlon of the U.S. Public Health Service. 

T Letter. I.t. Col. F. C. Tyng, Chief. Una nee and Supply Division, to the Budget Officer of the 
War Department, 10 Feb. 11M1. subject: Mosquito Control, and reply thereto, MaJ. Gen. II. K. I-nut-hry, 
Budget OIBcir for ilic War r»pnrlment. 0« Mar. 1WI. 

•Army Regulations No. 40-203, si Dee. 1042; Army Regulatlous No. 40 *in. IS Sept. 1043. 
• Statistical ll.'iilth Reports, Me.ll.nl Statistlrs rHvlshm, Surgeon General's Office. 
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L'HABT 1.—AitininMion rail* fur wiihirhi, l',S. .Initii, rnulhii iilnl I nitnl shilc*. Wuihl War t 
mill TVorW War II' 

[Kutc expressed ass nuinlier of ;i«liuU*l"iis, |MT IIiiimiii per I.IHHI uvi>ni::i> sln-nylli | 

I t lit EU 
jFMAMJJASOND     J FM A M J   J A S 0  N 0    J  f M A M J  J   A S 0 N 0      JFMAMJJASOND 
1 Kates for 1944 are provisional, based on weekly st. Ilmlcal reports, and exclude cans resulting 

from orerua exposure. 

successful results, technically (mined |iei-s<>inipl must lie organized and desig- 
nated to do the work. Tu September VMi, it WHS tlierefoiv recommended that 
a special malaria control organization be authorized within the Medical 
Department to function in the malarious areas in oversea theaters:'" 

Experience has taught that an nntinialnria organisation in an army imist be respon- 
sible not only fur reconnaissance and plans but ulx» for currying out the nclnnl control 
operations. It has proved impossible to obtain adequate protection when a malaria unit 
function* merely in a consulting or advisory capacity. The normal demand» on the medical 
and sanitary personnel in nonmalarious areas continue to exist in very malarious areas—in 
fact, they are usually intensified. Therefore, the addition of specialist (lersnnnel for 
malaria control Is advisable, logical and urgent. Without adequate control it is certain 
that malaria in many areas will immobilise large numbers of troops and will cause more 
casualties than the enemy. 

It is recommended that in those areas where malaria is a special problem, certain 
selected specialist personnel be added to the existing medical and sanitary establishment 
of the Army to deal primarily with malaria control   •   •   •. 

War Department General Staff, G-l (Personnel), endorsed this request 
favorably on 9 October 1942 and recommended immediate action. The As- 
sistant Chief of Staff, G-3 (Operations and Training), requested the com- 

" Letter. The Surgeon General, to Tlie Adjutant Gt-neral. War IHiuirtiurut. ai Hept. uns. sub- 
ject : Malaria Control. 
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iiiaintliii*r general of Services of Supply to determine I lie opinions of I lie several 
theuter commanders on 11 it*ir requirements for special uiiliinalaria [>ersoniiel 
and authorized direct comiiiuiiicalion for tiie pur|iose." Accordingly. The 
Surgeon (ieneral. on -Ji (>:(olx>r VM2. addressed letters to the, Commander in 
Chief. Southwest I'acilic Area, and to the commanding generals of \ '.S. Army 
Forces in the Middle East, Central Africa, ('hiiia-liiirma-lndia, South Pacilic 
Area, the CarililH-au IK'fense Command, ami. in view of the landing in north 
Africa, the Kuru|M*aii Theater of ()|H>rations. Tliese letters recommended that 
selected specialist |>ersomu>| IM- added to existing medical and sanitary estab- 
lishments to deal primarily with malaria control and asked that appropriate 
requisitions be submitted. 

The malaria control organization was recommended to include: 
1. A inalariiilii^ist. and one or more assistant malariologists as ueeiled: 

medical officers trained in large-scale malaria control methods. 
•1. Malaria survey unit.—An entomologist, a parasitologist, 11 technically 

trained enlisted |iersonnel, and necessary laltoratory and transportation 
equipment. 

:!. Malaria control unit.—A sanitary engineer, 11 enlisted men trained in 
held methods for malaria control, and equipment necessary for drainage, 
inos<|uiti) larvicidal work, and transportation. 

1. Aiitinuiluriii labor gangs.—Laborers recruited leu-ally as required to 
work under the suj>ervision of a malaria control unit. 

5. Antimalaria squads.—Military personnel assigned to conduct minor 
measures for mosquito control within their unit areas. 

The basic functions of the malaria control organization wen' descrilied to 
include: 

1. Evaluation of the malaria problem by surveys to determine the amount 
and distribution of malaria and the s|»ecies and habits of mosquito vectors in 
the area. 

2. Institution and supervision of malaria control measures. 
:>. Training of troops in general control measures and methods of indi- 

vidual protection against malaria. 
4. Assistance in the control of other insect-borne diseases when indicated. 
The malaria survey and control units were new and untested organizations. 

War De|>artmeiit approval of them was contingent upon a favorable response 
from oversea tlteaters, which were just beginning to ex]ierience the impact of 
malaria casualties. The building up of the organization was slow because units 
could not be activated until requests for them had been received by the War 
Department. A major proportion of the activities of the Tropical Disease 
Control Division was devoted to promoting the development of the malaria 
control organization by encouraging use of the units overseas and through 
supervision of the selection and training of personnel in this country.   It was 

" Lrttrr.   A.-I.loot Chief of 81»». Q-3  <0|H>riltioli» Division), Wnr Ih-|uirtim>nt CCIKTIII Sin», to 
Comm:inillnK Oriurnl. Service* of 8u|>|>ly, 14 Ort. mi!, »nlijwt: Mnliirla Control. 

«.-■■CM»'    «:t        4 
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only after the organization Imil prove«! its worth in the Held l!i;il ninl:ii-i:i units 
weit; regularly included in the planning of future ojx-ratious. 

The first reply to the letters sent, to the oversea theaters in October 15)42 
was ret.-eiveil from the South Pacific Area on 2C> Noveiultcr. Three malariolo- 
gists, three assistant niulariologists, three survey units, and three mm ml units 
were requested. On 1 December 1!»4:J, a reply was received fiinii the Southwest 
Pacific Area requesting 1 maluriologist. ti assistant maluriologist.--. :» survey 
units, ami 12 control units. Trans|Mirtalion hy air was authorized for ii-i-tain 
of the ollicei-s and eidisted [lersoiincl. On the basis of these re<| nests. I he pre- 
liminary plans for tallies of organization and eipiipiueul, which had Ut-u made 
in cooperation with the Laboratory mid Sanitary Knjriiieering Divisions, were 
complete<l in conjunction with the Plans and 0|x-ratinns Division, OTSG. In 
coordination with Operations Division. War Department (Jeneral Stair, an 
administrative mechanism was adopted whereby the survey and control units 
were to be formally activated and each given a iiimilier.'- 

During December 1942 and January 15)4.'$, additional requests for malaria 
control ]>ersonnel were received from Central Africa. Cliinu-llurma-India. the 
Middle East, North Africa, and the Caribbean Defense Command. Although 
certain of the niulariologists and advance echelons of units were sent overseas 
by air early in 1W>, the majority of the first units were not activated until 
25 January 104.'$. Included in the first group of units which were activated at 
the Services of .Supply 1 'nit Training Center. Xew Orleans Port of Kmharku- 
tion, were (i survey ami ]-"> control units. DuringJanuary and February 15M:», 
authorization was granted for the activation of an additional l<» survey and 12 
control units. Officers for these units were oMuincd from a list of s|iecially 
qualified personnel furnished by the Tropical Disease Control Section. 

The programme«! malaria control organization in the oversea theaters on 
13 February 15)43 is shown in table 1. The figures given are the uumliers of 
malariologists and malaria survey and control units then projected for these 
theaters. Actually, only a portion of the malariologists and a«lvance echelons 
of a few units were on duty or were en route to the theaters at that lime. 

Activation of Malaria Control ami Survey Units 

In March 15)43, The Surgeon General sent a letter to the comma mlers of all 
theaters and service commands, describing the new malaria contml organization 
and its functions. Authorization was granted for The Surgeon General's 
recommendation of 15 March that 10 survey and 15 control units lie activated 
in anticipation of future requests. Hy 7 June, all these units except one surrey 
anil one control unit, had been committed to oversea theaters. Meanwhile, on 
30 May, the China-Burma-India theater had act i vale«! four «tint ml units within 
the theater. The status of the malaria control organization in the oversea 
theaters as of 15 Julv 1943 is shown in table 2. 

13 Memorandum. Troplcnl Dl*en»e Control Section, for Colonel Simmon». «Tblef. Prerenttre Medt* 
rlne nivlftlon. Pn<fc*»lonal Service». 1.1 Feb. 1043. subject: Army Antlmalaria Organisation. 
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TAIII.K    1.—I'l'tijirti'll   »tutu*   tif   lllitlilriu    iimlriil   urijiiiiizittiiiu   fur   Ihr   lirvi'mH   llinllrrH, 
I.I rilinlillll   IH',.1 

M:il:ir'''Uiuisls \s^>l:inl Sin v*-> mills    < t> mill - 
lli;il;illi>]np-l- 

Smith Pacific  
Nmtlnvr-t I'iicitic*...   . 
('hiiiM-ltiirtnn-lnilm_.  
North Africa  
Central Africa..   ... 
Middle I last....   . 
Carihlican ]>cfcii*i' ('iniiiiiiiiul 
Kiiri>|>caii   

Tiilnl...  

:l :s I ti 

I r. :: i U 

:M» 

! Tlii'SvottHrrsweri'mi'liily in 1'i'iitrul Africa.     TruitJi-i   itUK-ST ntlWrs tu Niiflh Africa liU'llwiMi rinnu-Mcl. •"> rVI>ni- 
ary IHM. 

-' 1 'tiits iittiviiti-l locally within Itio llwalcr. 

TABI.K 2.-   Statin of »iillariti control iiruanimliiiH in thi- ocrrsca Ihralrrn, Hi July 1 '.)',■'• 

Coninil uniis 

■I'l.uii- 

Smith Pacific    
Southwest Pacific    
('liiiia-Hiirma -I ndin  
North Africa  
( cut ral Afriot   

Middle East   
Carililicaii Defense ('otiinmiiil. 
South Atlantic      
Ktiroprnn      

Malarioloiilsts Survey units 

l'rcsciit   Scliciiilcl : Present   Sclteilincl I rrewni . Sclicilulctl 
I* en    : htr        j   tir en dir        |   iw en tor 
riMJtc   I shipment |   PMIIC      shipment i   rmite   ' shipment 

S 
i:t 

i 
2 
1 

12 4 
:{ 
A 

1   : 4 
 1 ' 1 

fl 

12 
7 
4 

■ I 
4 

Total. HI 14 II :il 

-• 1 

15 

' S*'IHMIUIH fiw tr.neaVr tu \iirth Africa uumi arrival of n-|»lnriiiiriH mills. 
: Utter »itti'lrawn trim sctictlllh*; shipment tu this tticittr. 

SHtfir; rViiiiiiHNilhly Hc|»ir1. TrtiMciil l>i*ea.so t'milrtit Section, Suritron (Icticrar* OIIW, 1.1 July I1M3. 

Requests fur malaria units tltiriiijr lit«- first half of l'.M:> had indicated llmt 
tit« medical nmliiritt control organization was essential und wits suited to |ierform 
a highly inqiortant fund ion in the ovei-sen theaters in malarious areas. As 
projected tronj> strengths in tropical areas increased, it Iterant? iiexvssnry to 
plan additional units to take care of anticipated requisitions. Accordingly, an 
estimate WHS made of requirements for units (luring I lie remainder of 1943, anil, 
on 30 July, recommendation was made for the activation of 15 survey units and 
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J."> control units. Aiilhiuixal inn -.\ ;i~ ^rallied for t lit- activation of the l,'i survey 
«nils mill ■_';! of t lu> control units. IIv the lime these «ere :I<-I i\ .111><I. :iiul »it-rsoii- 
nel assigned ami I rained, all were committed to fullill ri-f|uesls from oversea 
theaters. 

In orilcr in I In' fuliirv to :i\niil 11 ■ 1111 ■•- delay in shipment of iinils rci|ilcslcd 
liv ovi-isca theaters, an estimate was IIUKII- IIV tin- Tmpical l>isease Control 
Section in Seplcnilier l!>l:i of the number of units needed for I lie lirst II niniillis 
of lull. A iiH|iiii-cnifiil of .V» survey ami I Hi conl nil units was ]>r«ijc.-ic.l. based 
II|M>II |iast ex|ierieiice in 1 lie llieaters ami probability of fullire needs as troop 
sltvn<rllis iticreaseil. I'sinjr this esliniale. The Snrjrcon (iciieral. on "J."i Oclnlier 
UK:'.. recommended lollie ('oiiiiiiamliiiir < iem-ral. ASK ( Army Service Forces), 
thai ."I«I survey ami l'»."> couirol units lie activated durinjr the reiuaimlcr of l'.Mo 
ami in early  l'.tl I. 

In Xovemlier I'.Tl, the Tropical Disease Control Section was informell thai 
the activations scheduled for that iimnlh were lo IN- |M>st|Miued a mouth and 
ihm 1 lie eiilisled ]*•<■ oiiiiel for the units were lo lie iissiirncd direct lv from induc- 
tion centers wit limit liasic training. The addition of I inonlhs* time required 
to j»i\e liasic training to the month necessary for unit training would thus result 
in |>roloii<rcil delay in meetine; the re)|iiirenielits of the oversea theaters during 
(he lirst half of lull. Il was recommended thai no further |Hisl|Mineinents in 
activating units lie allowed ami that consideration lie jfiven to the transfer of 
men who had already ivreived hnsie training from esialdished Medical IV|»irt- 
meiit nrjrtilii/.iltinus. 

After a scries of confereiiees with the Plans Division. ()TS(J. it wasa>rreed 
thai the )x>licy of supplying men wiihonl liasic I raining: lo the malaria units 
would result in failure to meet theater requirements on schedule. In view, how- 
ever, of the. personnel sit mil ion 1 hen current, no pracl ical solul ion of the prolilem 
was evolved. Itecatise highest priority f«r personnel was jriven lo oversea 
replacements, greal difficulty and delay were e.\|>erienced in obtnininj; enlisted 
men fur Hi survey ami -'Mi control units activated in December 1!>4-'! at Camp 
Ellis. HI. This situation was called lo 1 IM- attention of higher headquarters," 
lull only slow improvement resulted. The linn I coiiipleiiient >f this ^iiuip of 
units did not reach Camp Hauche. IJI.. for unit trainin-r nutil :J0 March 11144. 
Fora later jrnmp of 14 units (7 survey and Teonlml) nctivate<l at Camp (irant, 
III., in February mid March of that year, only 111 enlist ed men out of a required 
complement of l.*»4 had lieen assigned hy 1 June l!>44. 

A summary of the status of malaria units in the nversra theaters as of 
15 February HM4 is presented in tnlile :s. A total of :iTt survey and <iii eitntrol 
units, with a complement of I ji:Ci oAicers and eiilisled men. wen» present in the 
oversea theaters. An additional 7 survey and S control units were en route, and 
17 survey and :57 control units were activated and scheduled for shipment. 

»Mrmnranilii». Ilrlg On R. W. Blbw. CM«*. d|» rall.in. Krrvlr». OT8G. to Omianntllnc Ufmrai. 
AW', nttratlitn: Mohlllinll»« IMrlalin. Troop» I'nll llranrk, C.l. llrnrjr V. Ilarrlsmi. Jr., 27 Jim, 
1IM4. HubjVct: KitllKti^l l»cr>«4»itiM»l for Malnrl* Hurvry IIIKI i'onlrol Units. 
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Beginning in June 1944, :i program for the prcitctivution training of ma- 
laria units was inaugurated." Personnel for malaria units scheduled for 
activation wer« given basic military ami technical training (totaling Id ti> 17 
weeks) as part of medical training battalions at ('amp Grant before assignment 
to the units. The schedule for activation of units for the remainder of lull 
was tixed according to the, Six Months Projection List ivvised monthly by 
Operations Division, War Department General Stair. Heretofore, shipment 
of malaria units had been authorized, for the, most part, on the basis of indi- 
vidual requests for units from theater commanders. According to the l.'ith 
ri'vis ion ( May 1944) of the Six Months Projection List, 4 survey and ifci control 
units weiv planned for activation during the remainder of 15)44. The authorized 
mimU'i- of units fluctuated during subsequent revisions; actually. '•>• cont rol and 
11 survey units were activated in this |ieriod. The status of the malaria control 
organization in the oversea theaters in malarious regions as of -W SepleiinW 
1944 is shown in table 4. 

Based U]M>II experience in the use of malaria units in the malarious 
theaters, the War Dc|>;irtniciit. in Decenilier 1U44, addressed si letter to the 
commanders of the Pacific and Asiatic theaters recommending a standard for 
provision of units in future operations. In highly malarious territory, or in 
areas where other mosqnitoborne diseases were a serious hazard, it was recom- 
mended that: (1) One survey and one cont rol unit be attached to each division; 
(2) for other troops, one control unit lie provided in an approximate ratio of 
one unit per 20,000 men; and (ft) at least one cont ml unit l>e provided for each 

TAWI.E 3.— Statut* of mahiiin »nit.-* in wi r*##i thtuttr*, /.* f* hrtniifi If* J', 

I'rrwnt Kn rmili- AIIIVUIHII mill   : Tntal 
S4-|l*'l|||lt't| 

TI.MIIT   ......   

Survey    I'milnil    SnrVf)     fiHilriil    Survey    I ifitntt    Sia"Vi*y    dmtriil 

Suuth I'avific. !» it 
(Vntnil l\u*ifi<* 2 2 
Southwiwt I'arilir 12 21 
rhiiui-lliirnui-linli.1 1 tit 
".North Africa      ,         .   .. .*> ,- 
Mktcllc Knst, iiicluilhiK tVnlnil 

Africa    anil     IVrsian    «iitlf 
Comrauuil      :; ~ 

Suuth Atlantic     . t 
CarilnVan IVfffiw ('uuniiaiui 
Ftiroprati       .      .     .     

•i 211 21) 
2 2 

2« 2:t .vt 
2 ti 17 
A ."l 10 

:t 7 

Total  :15        •>•"> 7 N 17        :»7        .V.t 110 

"Lrtttr, The Ailjutalit (irnoral. War Orpnrtaunt. t» Cnaraanallnr Urnrral». M*tb anil Klithlh 
Brrrtcr CoMamnda. 20 Mty 1044, »iinjrct: I'rrnrllvatloa Training f»r Mnllcal Unit» llrftanln«: Jnnr 
1044. 
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important |>o*t or station, at large installations in an approximate ratio of one 
unit per 7,50Umen. 

TAHLK   4.—Status nj molttritt rnlitriH1 ortfilHi'.atinn  in itn-mrtl thitllrrs, .HI Stplrtithrr  t!*'t.'t 

I      Miiku-MuckM      I       Survey units      t       Control untls 

Tlimtcr 

Pacific Ocean Areas (Central ami Smtlil 
Siulliwcst Pacific '       
I'liiiia-liiiriiia-liiilia .  
North Africa   _. 
Miilrilc  Kast, incltiiliiiu (Vntral  Africji, 

and Persian liiilf Coiiiiiiiniil.. . 
South Atlantic 
CiirililK'tui Defense CIHIIIIIUIIII  
I \itro|>can  

SclH'rliili'il SrhPtlluril ! Selieilllk'tl 
«■ill       lor slii|>-      I'n-sciil       lor «dtp-      I'rrM'lit      fnr sl.in- 

mem mem inenl 

Mi in i i:i ,.  . 
21 ...» ■> (Mi •> 

II 

:t 
1 
1 

li 
li 

:\ 
1 

17 

•t 

1 ;.. 

s 

Total . .V» til .»       Ill 10 

1 IWIIIIM* to omlwrioloeiM*. «survey units,:ni'l 13 control units whicn wfre Iransft'rriHl from 0M> South l'ueiflv tu the 
Southwest l*uruV when ttHMter liountlurteg were re-Wnmsl un 1 July IW4. 

I'sing this basis, it was IMHIIpitted that by the fourth quarter of 1045, a 
total of '2~H control units und ISO survey units would lie required in the l'sicitic 
theaters (assuming the prior defeat of (ierniiiny).1"' ltecause the War Depart- 
ment TitK>p liasis then current authorised only lfifi control and 77 survey units, 
it was recommended that in addition a iiiinimiim of .'JO control nnd 1"» survey 
units he activated from units then undergoing preactivation training;. Tliis 
recommendation was rejected by (1-.'J, War Department General Staff, on the 
ground that a shortage of |M»rsonnel existed for meeting current requirements. 

The status of the malaria control organization overseas at the end of the 
war wits essentially as shown in table .">. Kight additional control and three 
additional survey units were sent to the Pacific after 1 April 1045. At the 
end of the war in Kuro|ie, plans were made to redeploy malaria units from 
the Mediterranean theater to tlie Far East. The abrupt ending of the war with 
Japan permitted cancellation of these plans liefore more than a few of the 
control units had been directly redeployed. 

Tables of Organization and Equipment 

When the first malaria units were organiied, tables of organization and 
equipment for !>oth the survey and the control units were published ns in- 
closures to the activation order.   Various changes were made in the tables 

<• MrnoramluBi. Brig. Grn. R. W. nil». Oper» I Ion» Kt-nln*. OTSfl. to Commanding flrnml, ASF 
(attention: Mokllliaflon IMvlxlon. Troop I'ntt» llranrh, Colonel Ilarrl«on), 20 !>r. 1»44. »ubjert: 
Projeeted Kequlrenent« for Malaria Control and Survey L'nlta for Oreraea« Theaters for 1943. 
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of equipment (which included special list* of technical supplies and equipment 
authorized for issue to the units as Medical Depailinciti ileins) as the units 
accumulated e.\|HTience in tin- Held, Imt the tallies of organization, except for 
certain adjustments in rank of |HM'sonnel, ivniiihied unchanged throughout 
the war.    First iiflieiiil publication of these tables was made on ii:5 April 1!)44. 

T.\RI.K 5.—SltititH nf ntiiliirin rontrul »riianhiitinrt in armu-ii thwitrrs. I Aprit /.'l.j.i 

Mnlartul- 
nglst* 

Cuntrol 
units 

Southwest I'ltcific '    - 
Pacific Ocean Anw..   .   .   _   . 
India-Hurtim..       . 
China '......         . 
Mediterranean '.  
Africa-Middle Kant  
Persian (ililf Com»naiid  
8011th Atlantir  
Caribbean Defense Command. 
Kuro|H'un *  

21 70 
15 15 ; 

4 31 
1 1 
ti <) 
1 7 
1 *» 
1 1 
1 1 1 

....        - 3 

34 
18 

4 

1 
3 

Total. 143 63 

> Im-Iudcs It) malarioloBlsia, osurvey, and laconical units «tikti wen transferred from UH> South I'aclnc to the South- 
west Pacific when theater boundaries were redefined in July IW4. 

11'nlis were allotted when the theater was separated from India-Burma. 
• Five control and Ave survey units wen deactivated and disbanded In the theater In December lleM. 
* These units aecomiauuVil the Seventh I" .8, Army In the Invasion of southern Trance and subsequently came under 

tlie jurisdiction of the Kuropcan theater. 

In Januar}' 1JM4. tables of organization and equipment lind been proiiosed 
for theater and ba tlion headquarters organizations for malaria control. 
Plans were made for a battalion headquarters organization to supervise the 
activities of a group of malaria survey and control units und to serve as an 
intermediate echelon between the units and theater headquarters. Tlie plan 
was included in a proposed revision of TOE (tal)les of organization and 
equipment) 8-500, but it was not approved by (J-U, War Department General 
Staff, which had previously disapproved a similar proposal from the North 
African theater. A compromise arrangement was then agreed upon, whereby 
tlie table of organization for a medical battalion headquarters was made 
applicable to malaria units, and this was published in January 1945. This 
action was too late to be of help in most of the theaters of operations, although 
such a malaria control organization was established in a battalion headquarters 
on Okinawa in May 11*45. 

Special Personnel and Units 

A few medical malaria control organizations consisted of specially selected 
personnel.   In February 1043, when plans were made to transfer malaria con- 
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irol iiersoiiiiel friiiii  Lilicria in North Afi'ini. I In- .-urgcon ;il  llolint- Field. 
Liberia, requested ilmt malaria units (one survey and <>IK inrol) I-Ini>i~riiiy 
of Negro |H'isi)iini'l lie sent as replacements. Since I IK iiiiiianil was pre- 
dominantly Negro, il was lielievcd dial morale ami malaria discipline would lie 
improved by having Negro units. These, miiis were uciivati-d on ]."> April 
1043. completed their training in August, and arrived in I.ilieria in September. 
Two other Negro units (one survey and one enntrol) were activated mi 21 Jan- 
uary 1044 to serve with a Xrfrrodivision in the South l'acilir. 

The China lhiinia India theater in Aiigusi l'.»4."! requested two nnils with 
Chinese-American |M>rsoiniel. The request was made liecanse of ililliciilties in 
obtaining; coojicration and malaria discipline in Chinese lroo|is deployed in 
tlu> highly malarious regions of northern hiirma. Because it was difficult to 
locate qualified ('liiiiest'-Aiiiericiiii |iersonnel, such nnils weiv not formed. 

In July 1!»44, the War Department, without prior consultation with The 
Surgeon (ieneral, ordered activation of M malaria cniurol units in the Antilles 
IVpartmcnt, the units to consist of Puerto liimu |iersouncl. Because of the 
sii|MTvisory duties jierfornied hv malaria units and the tiint'itaimy of obtain- 
ing properly «pialilied men, The Surgeon (ieneral recommended that this order 
IH> amended ami that insular troops not l>e used in malaria units. Action on 
the order was later modified SO that only two Puerto Kican control units 
remained activated. These units were trained at the Army School of 
Malariology in l'amima, remained for some months on tcni|M>rai-y duly there, 
and were en route to the India-Burma theater when the war ended. 

Training of Malariologist Officers ami Units 

Tropical disease control was intimately connected with the development of 
programs and procedures for the training of malariologisls and malaria units. 
The selection and training of officer (»ersoniiel for the malaria control organiza- 
tion was a res|Niiisihil:ty of the Tropical Disease ('»litnil Division in coo|ieni- 
tion with the Laliorntories and Sanitary Engineering Divisions, Preventive 
Medicine Service, nnd the Training Division, OTSG. Because few Medical 
Department officers had had practical e.\|>eriencc in nialariology, it was neces- 
sary to arrange training programs for most of the |iersoiinel who were to lie 
assigned as malariologist» or as officers for the malaria units. Medical Corps 
officers who had successfully completed the H-week course in tropical meiliciiie 
at the Army Medical School, Army Medical (enter, were usually selected for 
such training. 

Entomologists and parasitologists for nmlnrin survey units were obtained 
at first mainly from the leaching and research staffs of educational institutions 
and from such governmental agencies as the U.S. Dc|mrtment of Agriculture 
and the U.S. Public Health Sen-ice. Later, commissions were granted to 
graduate students in these specialties who had lieen inducted into the Army 
as enlist«! men.   Sanitary engineers to command malaria control units were 
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obtained :i( first principally from State ami city health ili-|>;IIIIIU-III-. In tlic 
latcr stages of the war, students from iliv Army Specialized Training l'rograni 
who had studied engineering were commissioned in lIn' Stiuiliii'y Corps ami 
assigned to malaria control units after special I ruining. 

The. first field training courses in malaria control were arranged iu the 
summer of 1!>4:J through cuo|>craliou of tin- Tennessee Valley Aiitliorily. Tin» 
2-wiH'k courses were conducted at Wilson Dam. Ala. Instruction consisted 
principally of field l rips in order to enable students to observe ami pad if i pate, 
itt the various pmcrduivs employed for malaria surveys ami mosquito control. 
Six courses were held •luring August, Septeinlicr, ami Oclolier 1!>4:! ami were 
attended by a total of i>7 Medical and Sanitary ('orps officers.1" 

As the location at Wilson Dam was not favorable for malaria runt ml 
training during ih« winter .-.i-ason, arrangements were made with (lie Uoeke- 
feller Foundation ami the Florida State Hoard of Health to conduct similar 
field courses in Florida. The length of the course was increased to 3 weeks, ami 
instruction in mosquito dissection and further experience in the identification 
of malarial parasites were added. Fourteen courses were given lielween No- 
vember 104ii and Deveuilier \W>, and a total of 14(1 Medical ('orps and Sanitary 
Corps officers were trained.17 The Xnvy also tiK>k advantage of this facility: 
32 Xavy officers attended the classes. 

To supplement the Florida field course in malaria control, arrangements 
were made in Deeeinlier IK42 with the Corps of Engineers whereby medical 
officers who had taken this course could l>e sent to Costa Hie» for several months 
of duty with the field headquarters of the Pan American Highway project in 
order to gain practical experience in the control of tropical diseases. The 
first group of 4 officers arrived in Costa Rica in March 1!>43, ami by September 
a total of If) Medical Corps officers had received from 2 to :\ months of field 
experience in Central America." When the Pan American Highway project 
began to close in the fall of 1D43, no additional offi<>ers were sent to this location 
for training. 

At about this time, the Army planned to establish a school of malariolngy 
at Fort Clayton, C.Z. This school was intended to provide more satisfactory 
applicatory training in malaria control than was possible in the Florida field 
training course and on the Pan American Highway project. Exigencies of the 
military situation and of transportation had prevented the previous establish- 
ment of such a school in Panama. Authorisation for tlie Army School of 
Malariology in the Canal Zone was granted in September 1043.'» In conjunct ion 
with the Sanitary Engineering Division and the Training Division, a program 

'• Annual Report. Preventive Medlelne THvUWn. Oflre of The Snriron General, 17.8. Ar*;. IMS. 
"Annual Report. Preventive Merilrlne Uriah«. 1MB« of The Surceon General, U.S. Arm;, 1N3. 
»Annual Report. Tropical Dbtenae Control gertlon, Kpldeariolog.v Itrancb, Preventive Medicine 

DtvMnn. OAn of Tbr Surgeon (leneral. U.S. Army, ItH.t 
»War Pepartawut General Slat Dt«poi<Ulon Form. Ma). Gen. Tnonian T. Handy, A*4««ant Chief 

of Star. O-.t. Mi Commanding General, ASF. 3« Sept. IMS, aubjeet: Army School of Malarlnlo« 
(Canal Zone), and «rat Indonement thereto, dalrü 2D Sept. 1943. 
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was developed for a 4-week course, and a qualified stuff of seven instructors 
was selected. Several men with cxiieriein-e in malaria rontrol in the oversea 
theaters were brought back for this assignment. The i-oursc was designed to 
emphasize Held work under tropical conditions, and op|Miiliinity was afforded 
the students to make surveys in highly malarious native romr.iiiiiitics (tigs. 1, 
2, nnd 3). 

Between 7 February 1944 and 1 Sep(einl>er 104.", 14 class«-* wen- held, and 
107 Medical Corps and 15:1 Sanitary Corps officers successfully completed the 
course. In addition, 24 officers from Allied countries attended classes at the 
School, and training was given to 2 officers of the U.S. Public Health Service 
and to 0 civilians (mainly employees of the Panama Canal Department). 

Throughout, the war, the unit training of malaria survey and control units 
was carried out at the Unit Training Center, Camp Planche. In coo|icnitioii 
with the Training Division, a 4-week training program was arranged and 
published officially in May 1943.-° The climate and terrain at Camp Planche 
wen« suitable for the training of units throughout the year, alt hough conditions 
were most, favorable during the spring, summer, and fall. Since most units after 
completing the 4-week training program had to wait, some weeks for oversea 
movement orders, opportunity was afforded for pruct ice field bivouacs and other 
additional I raining exercises (tigs. 4 and.r>). 

When the Army School of Malariology was established, it was planned to 
send units to Panama for training; however, difficulties in trans|>ortation and 
the necessity for meeting oversea commitments of units prevent«! this plan 
from being carried through. Only two control units, with Puerto Kicati |>er- 
sonnel, were trained at the Army School of Malariology in July 1944. 

Antimalaria Details 

Although Army regulations clearly defined the responsibility of com- 
manders of all organizations to institute and enforce the measures necessary to 
control malaria within their units nnd unit areas," no definite means were 
prescribed to carry out this responsibility. In tlie summer of 194:1. when the 
full impact of malaria on military operations in the Pacific area became ap- 
parent, steps were taken to designate antimalaria details in each unit of com|Miny 
size. In War Department Circular No. 223, published on 21 September 1943, 
these units were defined and tlteir duties descrilied as follows: 

A»lim*imri* detail*.—In order to aiwint unit Commander» in the «iHitml of malaria 
there will be formed in each company, battery, or similar unit, an antimalaria detail to 
consist of a minimum of two enlisted men, including one nnnciimraissinned ofBcer. In non- 
medical units thin detail will be made up of nonmedical itersonnel. This detail will be 
specially selected by the commander and will be given immediate training In use and minor 
maintenance of repairs of screening and bed nets; hand-killing and »prar-kllling «doll 

»Wat Drrartatrnt MoMlluttnn Training Program No. s-Sl, 4 Mmj IM3. 
» St« footnote 8, p. 1:1. 
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Kioi «E 1.—Army School of Malacology, Fort Clayton, O.K. 

Fiouac 2.—Parasltology duwoom, Army School of Malariologjr, Fort Clayton, C.Z. 
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HiiiMliiitcN's : l.in'ii'iiliil oiling of |niclilli>s ,'iinl IIIiI■• • r iiilli'iiinn- of VMIHT: iniimr ililihinv: 
iiiilinr «IIIIT ii<liiii'ss iiriniiiil :i iiiiii|iiniv i'ii>:ilii|ilni'iil : ,1111! iniliv iiluul ini'Hsiins of iniiliiiiii 
iniilr.il in riwir arms mul in ■■■■mli.-il. These :■ litiiiiiiInrln ilrl.ms uiii cirrv mil • <riIiiinrv 
mititiiiiliiri.'i lioiist>ki-i*|>in£ mc.-isiircs. such us llmsc lisicil iilmvc, ill :iinl iiiimcilhili'lY iii'iiiinil 
tlit* company • lii-njuimif nl. 

This 1'iiviiliir ivilrriilt'il ivr-|M>ii>il»ililit'-nf > '"iiiii.i mlri > fin- in:il:iii:i cuiilml 

mul nlso I'linlniiii-il jiriiv i>inii for ;i ~|«'.-i:iI 1-lniui- |x-rii><l of I niiniliir in ni;ihiri:i 

mm ml which is ili-rii-v-t-il l.'iii-i IIIHIIT "Kihu'iii iiiinil A<-I i \ ii it>." 

The 11■ iiI iiiniiii:iliil'i:i di'l.-iils. when |)Ki|x'ilv ir.iimil Mini i-in|ilnvi-i|. JHT- 

fillilll-il ;III i III | M >|-t :i ■ II flllli'liiill ill I III- nvi-l'llll lllilllll'ill I'lililllil | H< »irrrl III ill i-lillcillic 

IllfilS. 

Fiuru: 3.—Claw in field exercise« In anopbeline breeding area, Chugreft River, 
A run- School nf Malacology. Fort Clayton, »\Z. A. Dipping for larvae. B. 
SpmyiiiK larviclde over lest plot. 
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FUHRE 4.—Mulnriu eonlrol unit mviving instruction in ilraiiuna» |inni-iliimi, I'nit Training 
renter, (.'iiuip l'lnuehe. IJI. 

Growth and Achievements of the Malaria Control Organization 

The success of the special medical malaria control organization in the 
oversea combat theaters was attested by the rapid growth of the organization 
as the war progressed and by its accomplishments in bringing malaria and other 
insect-borne diseases under control. The situation in regard to malaria im- 
proved vastly during the last 2 years of the war in spite of the fact that opera- 
tions continued in highly malarious territory and involved increasing numlwrs 
of troops. Malaria rates dropped dramatically after their peak in 194:>. Cas- 
ualties due to the disease were reduced to a point where they were not a 
significant, influence on military operations. The decisive factor in bringing 
about this reduction was the activities of the special medical malaria control 
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FIGURE .">.—Field laboratory established by malaria surrey unit during training exercises. 
Unit Training Center, I'ninp I'liim-lic, Ln. 

organization; " in most theaters the drop in malaria rates paralleled closely the 
building up of that orgnnizat ion (chart •>.). 

\\y the end of the war, a total of l.M> control units mid (is survey units had 
serve«! overseas. Of this ntunbrr, \X\ control and (SO survey units were acti- 
vated and trained in the United States; 20 control and '1 survey units were 
activated in the oversea theaters witli |>crsoiinel locally available. More than 
00 malariologists had been assigned in oversea theaters. The total jiersonnel 
specifically designated for malaria control overseas was thus approximately 
'•\M officers and 2,;">00 enlisted men. In addition, many thousands of troops and 
native lalioivrs were employetl under their direction. 

The organization played the major ride in the training of troops in malaria 
control and sujiervised the work of unit anlimalaria details. The mission of 
the organization included prevention of other insect-horne diseases as well as 
malaria: in [»articular, dengue, scrub typhus, typhus, and lilnriiisis. Ilecausc 
of their special training, malaria units were also used lo assist in the control 

»Ifc'nlt. a. B.: M<-»nci- from  «lie Chli'f Kiirm-i'ii  in  Itif Für K«»|. 
Nu. Sll: .■::. Miin-h 111«. 

Hull.    f.S. Army M. I*>i't. 
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(.'HABT '2.—.{.iluiinninu rat<* for mulm'm, V.U. .limy, by year, VJil-'i't 

[Itat» riprik»cü us uumber of IIüIIIIKSIOII* per uuninii per 1,»00 uvoravv stn wMli] 

of certain other diseases. such :is schistosomiasis mul tliose spread by rodents. 
Since malaria control ami survey units were new ami untested organiza- 

tions, proper planning for their inclusion in projected troop requirements over- 
seas was not attained until the later stages of the war. During VM'A and the 
first half of 1944, units were activated only after specilic. request for them had 
been made by oversea commanders. Since considerable time was needed to lo- 
cate the technically trained personnel and to conduct unit training, long delays 
often occurred between theater requests and their fullillment. Usually, from 
6 to 8 months elapsed between the receipt of a request and the arrival of units 
at their oversea dest inat ion. For example, request was made for a large numlter 
of units in the Southwest Pacific on 23 August l»4:i. Activation was recom- 
mended on 25 October and accomplished on 10 December. Because of the per- 
sonnel shortage, 3 months elapsed before the units were brought to full strength. 
In March 1044, they were finally transferred to Camp Plauche for unit train- 
ing, and in the following June, 10 months after the request was made, they 
were scheduled for shipment.'-3 

At no time was it possible to build up a reserve of malaria units in antici- 
pation of requests. As a result, additional demands for units brought al>oiit 
by changes in the military situation sometimes could not be met.   For example. 

■ Mrmornnilnm. Cnpt. XII» W. Ilnlillinn. Mr. Chief. Millnrl« Control Brno. I, Tni|iliiil IHM-IIM- Con- 
trol liHIslim. IV v.ntWo M.-.ll, Inr S.rvl,.-. for llrlt. lion. Simmons i HiroiiL'h : Col. Knrl It. I.niiilri»<rg. 
s Juno  1!M4>. »llhjo.1 :  Slum« of Mulnriil  I'nlls ns of .ill May  11144. 
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in January 1!>44. :i request fur seven control units to set up :i iu:il;iri:i mill ml 
program for tlie Twelfth Air Force in tin- Mediterranean llienter could nut he 
filled promptly, anil later the units liail m lie activated within the theater with 
personnel locally available. 

KxiH'lience during the war denioiistrated that an organization -|ntiall\ 
trained and cquip|icd for malaria control and spccilii ally assigned to this duly 
was essential for effective control of this disease in the oversea theaters. 

DRUGS FOR SUPPRESSIVE TREATMENT OK MALARIA 

Throughout the war, the Preventive Medicine Service recommended |iolicy 
in IV}!»ril in the suppressive drug tivatiuent of malaria and encouraged and 
guided the search for new and better agents, for this pur|M»se. Directives em- 
phasized that sitppivssive tivalmeiit did not prevent infection and wa> an 
emergency measure to etiahle troops to tqicrutf in highly malarious territory 
despite infection which would otherwise incapacitate them.-1 

The dosage for suppressive treatment recommended in .June lull was 
Atalirine n.J gin. twice a week at intervals; of :> or I days, or quinine n.:S gm. 
|."i gr.) daily. In l!i4:i. when conservation nf quinine liecainc iui|H>r:itive, it was 
directed that quinine In- used for suppressive treatment only when Atalirine 
was not availahle. The dosage of quinine recommended for this pur|x»se was 
increased to II.(14 gin. (10 gr.) daily. 

Previous experience with Atalirine for the suppivssion of malaria in mili- 
tary forces was not very extensive. At the beginning of the war. little was 
known about absorption, blood concent rat ion. or excretion of Atalirine. nor 
was it known whether prolonged use would lead either to transient toxicit v or 
to permanent injury. The drug had heretofore been completely synthesized 
only in Gern.any. After American industry look over the manufacture of 
Atalirine. question was raised as to whether the American product was equal 
to the German, because of the frequency with which gastrointestinal disturb- 
ances were noted when new supplies of the drug were administered for sup- 
pressive treatment. This problem was referred to the National Research 
Council. After thorough study by a committee of the Division of Chemistry 
ami Chemical Technology of the Council, it was concluded that there was no 
significant difference between Atalirine of domestic and German manufacture 
and that whatever toxicity was manifested by commercial preparations of 
A t ahriiie was due to the inherent proper! ie.s of the drug.-"- 

Conference on Atalirine 

A conference was called in Xoveinlier VMi by the National Research Coun- 
cil to organize a thorough investigation of the pharmacology of Alabrine and 

" (1) Circular Letter Ho. 58. OB« of The Muruvon linirul, IS. Army. !» JIIIM- lull. i'J, Cir- 
cular Letter No. 133. OlDiv nf The Surgeon Generul. U.S. Army. SI Oct. 1IH1'. 

=• Report. Committee uu the Toiiclty ••! Cumiurrrlnl AtuLrlue, Illvl.luii nf ClirmUtry ami Clx-mlcnl 
Technology. National Item-arch Council, a Oct. 1114:2. 
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lit i)l(l:iiii iimiv precis«' knowledge of tin- relation <>l do-ap- -.■lii'diilo l<> pll'n-icul. 
tliei'ii[MMIIif use of tin« driijr.-'" Results nf these -nidic> were ri>|Hii-ml «lui-injr the 
en.-niii<r uioullis ;it iin-ctiiius of ilie SIIIH-IitiiinilI<t> on Coordination of Malarial 
St in In-« which was (irpini/.iil it ii« U-r the Division of Medical Sciences nciinc 
for tin- Committee on Medical liocaivh of I lie National lli's'arcli Council on 
20 January l!>4o.-: luvi-sliiratioii of tin- relationship of .lill'civiil schedules of 
supprvssivr doses of Ataliriuc to plasma ciniccni ration of tin- ilruj» In I 10 ivc- 
oiiimeiulation of a change in I lie lout tiic method of ailininist ral ion. This in-linn 
was laki'ii in July 1'.tf: 1 al a joint nieclinj: of I lie Siilk-oiiinullcf on ( "IMirilination 
of Malarial Studies ami tin- Siihcoinmilltt' on Tropical Itiscasesof the National 
Research Council.-" Ilused on these recommendation:., tin- following schedules 
for Atahrilie stipprc ssive treatment weiv adopted hy I lie Ai-iiiy in August |!>i:>: 

1. Recommended method, n.l <rtn. of Alalirine «Hire daily. <i days a week 
(total n.li jjiu. \n'v week). 

•1. Alternative method satisfactory in certain area». ii.n."i «in. of Alalirine, 
once daily l> «lays a win'k. and n.l <rni. on I lie seventh day (total 0.4 jrnt. a week). 

.More extensive and precise information concerning I lie illation of plasma 
concent rat ion of Alalirine to weekly ilusajfl" was ulilained through a cooper- 
nlive stixly coiidlli'ted by I lie Coiiiinissinn on Tropical Iti-eases. I lie Hoard for 
tin* Imeslijnition and Control of |ullueii/.a and Oilier Kpiilemic ]>ist>ases in 
the Army, the Office of The Surjrenn (irnenil, and the Armored Medical 
]{eseari-li I«alioi->iiorv. Fort Knox. Ky., in the fall of l'.W:'..-'' I |H>II the Imsis 
of these studies and reports from (lie field which wen- then heeoiniuir available 
in int'iviisinir numliers. in July l'.l44. the recommended dose of Atahrine for 
snppressive treatment was raised to n.l jrin. once daily (total it." irm. per 
week)."' No further cluinj-v in the rei'oimiieiideil do>ajrc was made during the 
reinainder of the war. 

Conservation »nil Production of Atahrine ami Quinine 

Conservation of quinine and product ion of At »brine were proiilems of con* 
siderable concern to tlie Tropintl Disease Control Division. When early in 
1!>4'2 the Japanese ruptured the Netherlands Fast Indies, the world's prim i|>al 
soui-ce of cinchona alkaloids, it hecaine im|ieriitive to conserve the stocks of 
quinine which had lieen airiimiilated in this country. In February 1!M2. The 
Stirjreon I ieiieni I addressed a memorandiiiii to the A IT. ty-Navy Munitions 
Hoard advisini; that use of ipiinine in the I'nited States lie limited to treatment 

x Minium. Atabrlne Vamtwmr. Ommlttrr on MwHrai Krwarrli, Nntloiuil Kvumtrrli rmiarll, 
2 XOT. 1»I2. 

" MlBllli'» I'lrnt Mn>llnr. BllhTOlMalttrr «n L'oonllnal to» i>f Malarial StinlW-. Cmmllli-.- »a 
Mullriil Rrwarrh. National KpM'nrrh lounoll. Ill Jan. HM.'l     IK llnlkllu nf Mnlurlii n>«oari'li. 11'. Mi ."..V 

** Mlnillf». J..lm MVMInC i>r SlIlMlimmlllK« >m Trn|>li-iil I««™»» nn.I Ihr CiM.nllnalloll •■( Mnl»rliit 
Madrm. «.'nnmlttr* OB Mrdlral Hnvarch. National K'wirrk Coanrll. "II July IMS. I» II11II11I11 of 
Malaria Ri-aran-h. pp. Ill» US. 

»«»no«. .Iratnrnl Mnllral krx-arrk Laboratory. Fort Knox. K> '.>:l IBMV VMS. «illijrrl : Final 
Rrport on  Inrratlgatlon nf the KaWt« «f Artirlty anil K.nvlroitnwiil  oil Alalirlti*' Tlwra|»>. 

"War nrpartatnt TchnVcl BMH.UO (Til MKI»I «.'.. .'I Jolr HM4. 
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of iii:il:iri:i.    On ■_' March  I'.'I'J. I lie Army Navy  Muiiil ■•»■<• Hoard  lorw anli-il 
lliis In I lit- War I'luductiiiii I loan I :ui<l aililcil a further 1111 iicnilatinii tiiiil 
cultivation of cinchona In» n I itli-i-t :i ki-i i in Smith America. 'I In-, MI I ion lpt1 In 
issiliiiin- liy tin- War l'milmt inn I'.on.l of ('oiiscrvnl ion Order .M 1 • S1 in April 
l'.'lL'. wliii-li •■slnlilislifd control over flic »iipply anil distribution of i|iiiniiii' in 
the l'iiited Stales and permitted sale of tin' drug only for use as an iinti- 
inalai ill ajjcnl. 

Tlio Surgeon General !-II|I|M irt i'il ;i project for the establishment of cinchona 
planialions in tropical America s|iousorcd liy Col. Artlmr K. Fischer. Ml. win» 
hail brought cinchona seeds to lliis country from the Philippines after the fall 
of liatnan.'1 Willi these seeds, il was plamuil to establish a iiermancnt source 
of high quality ciiichnnii liark in lln- Western Hemisphere. The initial phases 
of this project were carried through iiuiliTlhc auspices of the Hoard of Krn- 
noniii' Warfare (later a ilivision of lln- Foreign F.conomic Administration) 
with Mip|Mirl from tin- War Department, anil cultivation was stai-ted in several 
Central anil South Ami'rirtin liH-ations. llecatise of lite natural slow growth 
of the trees, this project iliil not iiilluciirc i|iiiiiiin- supplies during the war 
|ieriod. 

Estimates, prepared in the spring of 1!M:2 liy Preventivi» Medicine Service 
of requirements for alii iinalarial drugs, were based on the assumption that 
quinine would lie needed to supply at least ."><• |ierceiit of aiitimalaiial medica- 
tion. At that time, uncertainty prevailed as to |M>ssihlc toxic effects from 
long-continued use of Atnbrine. liy the full of 1042, further jMisilive ste|is liy 
the Aniiy were needed lo conserve stocks of quinine. Al the ineel ing of a IMKIIXI 

Appointed hy The Surgeon General to consider this question, it was state«I that 
at the current rale of consumption quinine stocks would prolialily lie exhausted 
by the end of lJ)|:>.ri'- The Imanl decided U|MIII a ]Nilicy whereby Atabrine 
would lie utilized as extensively as possible in the snppressive and clinical 
treatment of malaria. Upon recommendation of the Imanl, letters were sent 
to commanders in the field to advise them of this ]Milicy and of the necessity to 
conserve quinine. The Imanl also recommended that Atabrine production in 
this country be expanded and urged the purchase of certain supplies of quinine 
known to be in South America.''1 Circular Letter No. 170 was issued on 21 
December 1042 by The Surgeon General to stress further the necessity of con- 
servation of quinine by utilization of Atabrine to the fullest possible extent. 

As the lighting fronts were extended in tropical regions during 1042 and 
1043. more and more men were placed on regular suppressive medication for 
malaria, and the demand for Atabrine increased enormously.    Domestic pro- 

n Letter, The Surgeon ftrneral. V.U. Army, t« the 8e.-rrlnrjr of War Ithroujrh the C.unmnnillng 
General, RerYlee« of Support, -2 Se|*t. 1*42. «uoHM : Quinine Plantation». 

»Memorandum. I.t. C..I. K. K. l.iinuVherc. I'bM. f(f>lilen>l..li>tfjr Hran.-k. Prerentlr* Medicine Mil- 
plan, Pmfe*»loaal Berrleee. OÄee of The Kurseon Onernl. to The Kurirenn fieneinl, V.S. Armr. 1« l>et. 
IMS. mikjert: rrneeeillaffa of a Hoard of Ornreri .\i>|K»lnled to Conxl.ler ihe Present Stiitui in* 
Antlmalartal tHuc». 

"Letter. The fturceoa Geiieriil. I'.Ä. Arm.v to I'ldiimanillnc General. Kervice» of Ruppljr. 17 Oct. 
1»«. inftjert: Bollvlaa Quinine. 
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illlclioh of llit' drug already had IH-I-II ini-riMsril .-e» era I foil I dining lull Mini 
early l'H\i. Foreseeing future im-rca-ed ri-qiiiivnifiiis for Atsil>riiu>, The Sur- 
geon tieneral, in Oclolier l'.ll'J, rtvoniincndcd further expansion of production. 
Despite this i-lforl. the supply of Al:ilirim> was critical iliirin«; iIn» lirst quai'lei 
of lili.., iinil a I |ix;u ion- were necessity 1o meet (lie neetls of the I'.S. military 
fonvs mid lenil-liMse requirements. Tin- Wur Production Hoard expedited 
i lie construction of new facilities for I lie production of Alahrilic. »nil. nfler 
the lirst ti inniillis of llll.'i, siipplit's of the drug were ailei|imte. 

Throughout the war, the Tropical l)i*ciisi- Control orgaiii/.alion of the 
Ollice of The Surgeon (iencral, I'.S. Ann v. assisted in preparing estimates of 
requirements for antinialariiil drugs. Itnsed II|M>II probable ex|Misttiv to ma- 
laria, calculation- were tnaile of the amounts of drugs required per III.IMIO 

men per year in different geographic areas. Because of uncertainty about 
the |K>ssihle toxicity of Atahrine. calculation of quinine requirements was at 
lirst made on tin» assumption that 2"i jx-rcent of men receiving suppressive 
medication might reqitiiv quinine: in Deccntlier V.H't. this figure was dropped 
to 1.1 pcri-ent; ami. in May |!H4. to:! |H>IIVIII. •' 

Since actual issue of quinine fell far In-low the estimated requirements, by 
May I044 Anny stockpiles had accumulated so that they could 1* e.\|>ected tt> 
last until early 1!>47. The War Production Hoard was apprised of this fact.5"' 
After V-K Ihiy. it was recommended that the War Production Hoard release 
amounts of quinine siillicieni for domestic civilian medicinal use. This modi- 
li< at ion of Conservation Order M-lftl was pin intoetfect IS August 194.">. 

Ample supplies of quinine were available for military needs throughout 
the war. Pecnuse of the siqieriority of Atabrine, consumption of quinine was 
far less than was anticipated early in the war i»criod. As a result of e.\|>eri- 
eiK-e. Atabrine became the preferred drug for the suppression of malaria. 

Cooperation With the National Research Council 

The Tropical Disease Control unit served as liaison lietween The Surgeon 
(ieneiid and those agencies involved in tlie development and trial of new drugs 
for suppression and treatment of malaria. The wartime program for the 
development of new nntimalarial drugs had its inception in the Sultcommittee 
on Tropical Diseases which was organized in May 11*40 by tlie Division of 

" (I) Meaaorandiiaa. U Cut. Paul l\ Kii«»ell. MC. Tropical IH«ea»e Cnntrnl Section, Kpotemlolo«? 
Urn«, h. I'rrvMiilTi. Mtstl.-ine lHvM.oi. I>ri>fn»b>nal »wkw. OTSO. f..r I.I. «Nil. II. K. Cotter, Chief. 
■Wiirrnt'iitM Branca. lHxtrthiitlun ami ReqnlrcMcnt« MM .to« Siipiil.t Net-vice. OTH4S. :t July UM:. 
Kubiert: RtttlaMted Ataarta*. Quinine, and elaamorliln Ket|iitreraetiit< nf the Army. 12» Mphif.ran.lum. 
Ma). O. It. McCoy. MC. Tropical Dinrniw Control Heel Ion. Knliteralolot-y Branch, Preventive Medicine 
IXvl.lon l'rofe«lnaai Service», OTMO. tut Chief. Requirement» llranrh. nttrnllon : l.t. C»l. Martin A. 
Cnmpton. 17 Dec 1M3, aubject : K»tlmatcl Atabrine, Otitnlnc. »ntl l*la>.m.H>hln Kc.iiitrcnM.ntit of the 
Army, irn Memorandum. Ma) O. It. McCoy. MC, IHrector. Tr»»pleal IHw.1«. Control IHvl»loa. Proven- 
live Mcllillle Nervleo, OTSG, for Chief. Supply Service, tl May I«44, »nliject : Keanircment« nf 
tjiilnlne for Hii|i|ire*iiivp Treatment« of Malaria. 

34 Memorandum, Uric lien. Alttert 1. Ilrnvnlnr. OSC. IHrector, Pur.-an*eit DlvUlon. ASK. for The 
Snnreon Oeneral. IT May 11*44. mibjcct: oiiliilitc Procurement, anil 1ft Inilontemeiit thereto. «Iatc.1 
20 May 1044. 



I < I.M MI ■ X11 • A1 i I. I: I ■ ISI■: A S KS 

Medical Sciences of tlu> Xat i< m:i I l'escaivh Council II|MIII lit iimuieiidal ion by 
The Surfen]i (icncnil. From iis liisi mci-tiii-r in June 1:M'» until I hi' sum- 
mer of l'.Ml. I lie Sultcoiiimiilee dealt with various ri-roiiniii-iiil;ir inns t-uvi-riiic 
the ]iri>vi>iilion. flicini>|iii)|ili\ l:i\i-, and chciiiot licrupy of malaria, and pro- 
inniiiin of i-esearch in thi> lield.' In 11 it- -iiiiiiiit'i'n| l'.Ml. thi> SIIIM iniiiiiitlcc 
instituted ii scries of conference« on malaria ivM-arch. tin- lir-l of which was held 
uii S .fillv. ' In SVpirmlier I!M1. rescaivli |irojii'ls were initialed which were 
recommended Iiy lIn' Siihcoiniiiillce on Tri)|ii. nl Diseases anil were linanced 
thron<_-h llie Committee on Medical liocaivli of (lie (>SKD (Ollicc of S-ienl iIi«* 
ICesearch mill Development ).'■* 

Karlv ill IU\:\, the Conference on Malaria I.V-caivh was n-placed liy a 
Sulieoiiiiiiiiiee on CiMinliiialinii of Malarial Studie:-, or-»aiii/ed unilei' I lie Divi- 
sion of Medical Sciences act in-; for the ('oniniittee on Medical Kescurch of I lie 
N'iiliolial licsearch Council. This Sultcomiiiillce coordinated the riucaivh 
projects on the synthesis anil liiochcinisiry of aniiiiialarial drills, carried out 
unilei- the auspices of I lie Division of Chemistry, anil the studies on tin- plinr- 
inaeoloiry ami clinical testing «if antiiiialarials -|x>ii>oivd liy the Division of 
Medicine. Throughout the history of these conferences ami committees, rep- 
resentatives of the Preventive Medicine Service alleinleil the iiHftin-rs anil 
acted in a liaison i-a|racilv In the research |>n><zram on |iiiilileius encountered 
liy the Army. In Noveinher l'.tj:!, the Sulxiiniiniltee on the Coordination of 
Mala rial Studies was sii'iei-seiled hy a Hoard for the CiMiiiliiiiition of Malarial 
Studies which iiieluded officers fmm the military services."' The director of 
the Tropical Disease Control Division served on this Hoard which functioned 
through the remainder of the war. 

When, in the spring: of P.t-I."!, the clinical leslinjr of new antiinalarial drills 
was expanded untler cnlar<rrd OSIil) eolitracls. ."> Medical Cor|>s oflictM's under 
a s|iecial allotment to tin- Preventive Medicine Service were assigned to assist 
in the drug research ppijri-ain. and. in the winter of 1 '-»44. this •rroiip was en- 
larged liy The Surgeon tieiieral to l."> officers. The group actively parlicipited 
in the clinical studies made during the remainder of the war. 

Clinical Testing of New Antimalarial Drugs 

The first new «Iruir recommended I» the Armed Forces for trial was stil- 
famernzhie. Field tests of siilfanieni/.hie ns a cnnsnl or true prophylactic were 
promised hy the Suhciiiiiniitlee on Coordination of Malarial Studies at its 
meeting; on 'Jit January I5M.I.   The tvcoinniendiilion wasliased ii|x>n the propliy- 

™ BctMirl. owwi Tmikln. MIL. »ml KllinlVtli M. Kan-M-y. >I.I>.. AnMnitthiriiil I'me» Siimiiiiir.v ..f 
CltiK^IHvNl MmrrlHl Kill*, nlw of M«'«llc*il Inrfirninlluii. |i|vl»l»ii «r Miillcul m-lrnn-*. Xntlniuil l'i-«i-ii n-h 
CIIIHII. Aiicuxt IIH4, p. 1. 

~ Minnie*. I'i.rifrr^iMi' nti I 'h*-ti>«>tlirrit|i.Y • >' Mnlnrlji. S July 1041. 
:H Miiiutr*. SiitH-nitiiiiltt«*«* tin Tni|il'nl IM*.IIM-X. litvt»i<>u **t Mtilli-iil Si-H-m-t-, Xalkmiil IEi-->riiri-li 

I'liunril. 4 S.|.l   11)41 
•Mlmilr«. Ihuinl fur th«' I'lHinlllmlkni »f Malnrlnl Klixllw. IHvlxlori of Mnlli-al S.lim .■- Niillnanl 

Km-urr-li I'..inii-ll. 1» Nov. IH4.I    In llilllrllli »I Miiltirla Kiwrnrh. |i|i. 1«2 111« 
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lactic iirliiiii of siilfadiaziire in hird malaria ami in fiih-lfuirinn malaria in 
liniiian hcitigs ami upon tin- ilfiiinnsll'iiliiih of siilfamcruxinc's «iipcriiirity over 
sulfadia/.iiu' from ilir standpoint of physiologic ili~|M»it"um ami toxic hazard.4 

in arcnrditncr with this advice from I lie National Kocairh Council, per- 
lllission war. nlilailied I'loin the War Department In conduct held tests of slll- 
fiiiucraxinc in oversea lliralt-rs where turn were exposed to malaria, in order 
to determine whether this drug iimlil te-t a« a causal prophylactic in human 
malaria: that is. actually prevent iiifceliuu. llirert correspondence from Tin' 
Surgeon (it'iirral to the oversea commamls was authorized, and. early in March, 
letters were sent In llie <*< it 11 liiitlii li ii^r generals in I he Southwest Pacific. South 
Pacific, Chiiia-ltiiriiia-lndia. and the Carihhcau llefetise Coiiiinaiid to ask that 
tests lie arranged. A suggested protocol was enclosed, and l.sno tahlets |ii.."i 
frin.I of siilfaiiierazinc were ship|x'd to the siliceous concerned. The prolnrnl 
suggi>st«-d that approximately -JtKi uniiifected men prmvcdiug In a highly ma- 
larious area In» Used for the tests. One-half of the <;miip was lo In- givrn one 
!>.."> gm. tahlel of sulfactcra/inc dilily: the other half, the usual sllppressive 
treatment will: Atalirine. The drills were to In- «riven -J days liefniv exposure 
to malaria and were to lie conliniied for lo days thereafter. The period of 
expnMiiv was to lie at lea<t "»•• days, and the periotl of ohscrviitioii at least Hu 
days after I he last dose of thednij:. 

Trials which conformed in general to the aforementioned protocol were 
carrie«! «ml. during I lie spring of I'.U". in New (iuinea. the Solomon Islands, 
India, and Panama. Final iv|>nr1s of these studies were summarized for the 
National Itescaivh Council.41 

Sulfatnera/.ine. in doses of !».."> gin. daily, was not a causal prophylactic 
against, malaria. Although this dosage show it I a fairly high degree, of stip- 
pressive action against rirax and falri/xiium infectious, its «dfectiveness was 
not eipial lo that of Atalirine in doses totaling n.4 or <M> jjnn. JHM- week. Sig- 
liilicant toxic effects from sulfiimera/.iiie were noted only in India where the 
men wen? living under harassing conditions: however, in no instance «lid the 
«lrug have lo lie stop|>ed liecnuse of toxic react Ions. 

The report of the New (iiiinea trial was of particular interest liecaiise this 
study included a control group of M men who did not receive any anlinialariail 
drug and Waiise it was impossilile to continue the follow up olrservat ioiis for 
» lieriod of i>N days.4- Although :t jierceiit of I lie group mriving snlfiimerazine 
and "Ü percent of the control subjects aif|iiirv«l l'l<t»modium fale'tparwn. infec- 
tions, no i-ases of malaria cause«! liy /'. fittcr/tirum «vurred among the 10* men 
who l-eceivetl Atahrine fo.<> gin. per week).   None of the XI cases of viva* 

"• stf fiMitittit? an, i». a*. 
"Milarln Report No. M, OIBcv of The Surgeon General, L'.S. Arm;, to Division of Mnllml 

Science« ncilnjf for Committee on Medical Keaearch. OOce of Scientific Iteaearch UIMI r*fvi-lu|HiM*nf. 
National Uesearcb Council. 4 Mar. 1944. 

42 Report, Cul. Maurice C Plo«i>«s, MC, Chief Conaultant In Medicine. United Stute» Army. Serv- 
ice« of Supply, Soutbweat Pacific Area, to The Surgeon General. ASK (throinrh: Chief Surgeon. 
(Tutted Stale« Arm.v. Serrlcea of Supply, Soutbweat Pacific Area), 6 Jan. 11144. aubject: Summary of 
Field Teat of SaUaMCrailae. 
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iiiiiliiriii which ultimately tlrvi'lu|H'<[ in I lit- latter proup apprüi-ed while 
.Vtiil>i"iin- WHS lieinp administered. These olisenalioiis were hiplily significant 
lxvause 11 icy allorded well-controlled ei idencc olilaincd under Held ■ oiidilinns 
lluil .\tnl»rillt- in :i total din-ape of il.H pin. |nT week was ■-■ >i■ ■ |> 1 i-lcI_»■ ell'eclive in 
stippressinp I'liiHUHuliiiin i;'r-i.f infections and in plTvculinp I he siihscipieiil 
development of /'. fnliijxit inn in feel ions. ;i fuel IHII-III* out liv siihsciiiirut 
e.\|ierienee. 

Xo additional drups for siippres-ive irealiia-nl of malaria were lecniu- 
mended for Held trial nnlil clilorirqniiie diplinsplialc | SN "(>1*). hereafter 
referred lo as eliloriiqiline. was invest ipulcd hue in ü'll. The lirsi recom- 
mendation that (his drup was suitable for Held tests was made at a iiicctiiip of 
the Hoard for the Coordination of Malarial Studies in Scplciiilier HUI.1 Il 
was apived that a protocol would lie prepared !■■ include siippesii'd held trials 
of the drup as a siippressive tipciit. This protocol was siihsci|Ufiitry piven re- 
stricted publication." At that time, however, lc|xirts of toxic ivuciiiuis Ix-pan 
to lie received, and consequently, il was recoinnieiiiled al llienexl meelinpof the 
Hoard lhal current studies with chloroquiiic in Army and Navy installations 
ho discontinued until the uniformity and homogeneity of the various hatches 
1M« established.1'' Filler, it was found that no chemical differences existed Ite- 
twecn the dilferent lots and that toxic effects could lie minimized liy eniployinp 
smaller doses. 

Early in l'M~>. arrangements were made at the Army Medical School for a 
study of plasma levels of cliloroquine in proiips of volunteers who were piven 
siippressive doses of 0.:> pin. or ll.."i «in. once a week. This investigation showed 
that although there were wide individual vii rial ions, plasma levels prcsuiiuihly 
effective for suppression weiv pciicrally inaintained l>y a single dose f0.:', pin.) 
of the (Imp taken once a week. Kipiilihriimi in the level was apparently reached 
after the third week of administration."1 Similar studies productive of essen- 
tially the same results were carried out at Moore (ieiieral Hospital on a proup 
of patients who had relnpsinp tertian malaria. Xo relapses occurred durinp 
8 weeks of suppression with •>.."> pin. of cliloroquine once a week, and toxic 
effects from this dosapp were extivinely milil.*7 

The Bonn I for the Courtlinat ion of M:>!iirial Studies reviewed tlie status 
of the researches on cliloroquine in March 1U4.> and apaiii recommended that 
the siippressive action of the drnp he invesiipiited in military forces in hy- 

™Mlant«*. Board tor th* Coordination of Malarial Stndlm, Xnllnnal Rewarrk O.unrll, 21 Sept. 
1*44.    1» Bull, tin or Malaria Rwarrh. pp. 4J2- 51.1. 

"Malaria Report Xo. 3.19. Hoard for the o~.r.lln«ll..n of Malarial .stn<llr>. 211 S>|.(   1M4. 
»Mlnuir». Bonr.1 (or Ihr Coordination of Malarial iMu.lk-«. National llt-M-un-h Cuun.ll. 0 X»v. 

1M4. 
"Malariu   K*|«.rt  No. 417. rupf. Jului M. Mown. Snl'. Iilvl*l f rlifinlxir.v unil IMI.VI.II->., Army 

Mcli.-til  Kt'lMNil. Army   M.-dl.ul IVnler.  I«.  IU.iir«l f.»r ilit- I'iMiriHiiiill f Mulurlii Sto.ll«-*. May  1!»4.Y 
47 111 Malierin Mf|N>rl \u. 4«7. M.-di.-i.l |i|vi»i.*ii. •»«!'•«• «>f Thr Suray-ofi llt-nt-rul, I'.S. Army. !•■ 

KiHinl fur tin- <'»»nliuiitH.il nf Mnliirlnl SIIHIII-». I Miiy IH4.V C-'i Mulariii K.iM.rl No. 44». M.«»rv 
<l.-ii.-riil ll..»|.it»l llhriillKli IIH> Triipli-nl HU-.lnc Tr.illlli.lit llriiliih. OTSli i I.. Ilminl f..r !!..■ 
Cinmliiialh.n ..( Main rial Stii.ll.-N. I J I'll.".. 



ritllYlSlONS FMK MAI.AKI.V CII.NTIIOI, :',7 

perendciiiic areas. A protocol of .1 suggested plan of study \\:is written.1" Ill 
April 1U1.">, Tin' Surgeon (icncral sent letters Ut tin- surgeons in Imii- oversea 
theaters to suggest iliiit trials of chlnroi|uinc fur siipptvssivc t real incur IK» 

undertaken. Tin" t-liiff advantages of I Ids drug over Alahriuc :il ilia' lim" 
were us follows: 

1. A single weekly dose of ti..'J gin. was apparently sufficient l<> maintain a 
suppressivc plasma level of tin» drug. 

■d. This dosage iliil not cause gastrointestinal irritation or other siguilicaiit 
toxic effects. 

:!. Tin* drug di'l not discolor I lit' skin Kx|ieriiiu-iils in civilian hospitals 
had already demonstrated that clilorixpiiuc was not a causal prophylactic 
against malaria or a curative drug f(ir malaria caused liv /'. near. 

Redeployment after V-K 1 >:iv ami later demobilization after V-tf Day 
interfered with conducting suitable trials overseas. Tests with chloroquilio 
for suppression of malaria were, however, carried out in India and in the 
Philippines during the summer and fall of 1!H.VJ These studies showed that 
* single dos«' of ti.U gin. of the drug \H-V week was effective in suppressing 
relapses in the lield of malaria caused by P. eictir. Only a few significant 
untoward effects, mainly gastrointestinal disturbances, were noted in approxi- 
mately 7«X> men  who took the drug for a period of from "> to  J months. 

SUPPLIES AND EQUIPMENT FOR INSECT CONTROL 

Repellents 

A research program to develop improved methods of insect control was 
instituted by the Sulicoimiiittee. on Tropical Diseases. At the lirst meeting of 
this Subcommittee, it was suggested that chemical re-iellents against mos- 
quitoes be studied and the eooperution of civilian industry lie sought/" In the 
fall of 1041. after funds became available through establishment of OSRD, a 
contract was approved with the Bureau of Entomology ami Plant Quarantine 
of the U.S. DeiMtrtmeut of Agriculture for investigation of new insect repel- 
lents.51    This contract later was extended to include investigation of other 

«(1) Mlnnim. Hoard for the Coordination of Malnrlnl Studies, in Mar. llM.'i. fa Bulletin of 
Malaria Reaearch. rol. 2. pp. MI-837. 12» Lpt1«-, Kokrrt F. U»*. Ml».. Chairman. Board for the 
Coordiaatlon of Malarial Studie«, to Maj. «en. Norman T. Kirk. Surreon Cnrnl. IS. Army. 'Ju Mnr. 
IMS. (.1) Malaria Report No. 353. Jimn A. Shannon. MO, Chairman. I'anrl on Clinical Te»tln«. 
to Board for th* Coordination of Malarial Studie«, in Mar. IMS. 

• (1) Malaria Report No. 33B, 2tHh General Hoapllal. India-Burma theater. «ubmltted hy Tropical 
Macaw Control Branch, OTeX). to Board fur the Cnnnllanthm of Malarial stu.il.-». T Nm. 19(5. 
(2) Malaria Report No. tt.1T. Tropical Macaw Control Branch. OTSO. to Hoard for the Coordination of 
Malarial Studie«, 11 Feb. 1»4<l. 

M(ll Minute«. Committee on Troplral l>Uea»es. National Ile«carch Council. ID June 11140. (2> 
Minuten, Subcommittee on Tropical Dlaeatfe», Division of Medicnt Science*. Natlounl Rew-arrh Council. 
SO July IWO 

»i Minute», Subcommittee on Tropical l>la*n»e>. Committee on Medical llenrnrch National Research 
Council. 13 Oct. 1M1. 
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phases of insect control.- Contracts with oilier •riivt'l'limt'lil:II agencies allil 
civilian lahoratorics weiv made as I lit* sc<i|H' of t lie program increased after (lie 
beginning of ilit> war. Studies of the mxicjiy of new coiiipoiiuils l>y ilir I .>. 
JMHMI and l>rug Ailmiiiislnilion wen» included us an essential phase of llio 
rest-arch program. In .Inn«' 1H4-J. I lie T'.S. 1 h-piiri infill of Agriculture was 
nskitl liy llii' War Department to i.mlerlake iiivc-lijjalinn of new iiiuM|iiit<> 
larvicidcs in addition lo studies which already were la-nig conducted on 
insert it-ides for life and inseei i-t-|M-III-IIIS. 

'I'lie liisl Held studies on re|iellenls weiv eoiidiieled ill I lie fall of I'MI at 
the (iurgas Memorial laboratory in l'liiiiiinii. Jailer, as it liecaine apparent 
tliiil Held studies in the tropics were I essary to supplement lalmralory in- 
vest i^al ions in this country, four Sanitary Corp* entomologists were as*igue«l 
in the (iuigus .Memorial Ijalxiratory In conduct such studies on the new IV|M-1- 

lents mid insecticides. 'I'liey liegan work in the spring of VM'-i and during thu 
ctuirse of the war made a numher of nolahle emitrilnitions to the n'sean-h 
program.,:l 

To coordinate imtl evaluate tlie investigations, conferences were called 
from lime to time muler I he auspices of the National lieseaii-li Council at which 
iTciiiiiiiienil.ilions were made lo the armed services. Al the liisl of these con- 
ferences, held in August 1Ü-I2, il was recoiuineiided that liiilaloue (hiilopy- 
ronoxyl) he adopted immediately by the Armed Fnivi - as a iv|iellent against 
flying insects and that liulgers «12 (2-ethyl-l. "»-hexaueiliol) lie slilistihited as 
soon as il could lie produced in suHicieiit quantity.'' At a subsequent meeting 
in Xovemlier l!)42. dimethyl plithalate was also recommended for use as a 
standard re|ielleiit.v'' Dimethyl plithalate »ml Uiitgers 012 gave protection 
against liites of mosquitoes for several hours ami were far more effect ive than 
insect re|iellei!ls heretofore availalile. At first, these repellents were issued 
separately for individual use. Later, after a recommendation of the National 
Kesean-li Council in Septemlier 1!>4-". a mixture «if the tlirec repellents, referred 
to as '•« 2 -2." ((*> imrts «if dimethyl plithalate. 2 parts «if «12, and 2 jiarts of 
Indalone) was adopted.-'" 

These repellents were develope«l primarily for use against mosquitoes. 
Investigations in the fiehl soon disclosed that they were also of value in pro- 
te«tfion against other insect vectors of disease. Studies in Egypt by the 
Neiirotropif Virus Disease Commission of the Army Kpidemiological Board 

shown«! that «limethyl plithalate was effective njrainst I'hJrhotoinM* jMipata*li. 

m Minute*. Sulieommlttot* on Tropical 1 Unease*. Committee on MedUul Rfmnb, National Reacarcn 
Connrll. 0 May 1M2. 

"Hrnls. Marshall: chronoloa-hal HUtorr 1943 to IMS, Unit of Sanitary Corpa Offlcrra, Gornu 
Memorial Ijiboratairy, Panama, 1 NOT. 104.1.    (OnVlal record.! 

« Minute*. First Conference on Insect Repellent», Committee on Medical Research, National Re- 
x-arch Council, IS Auar. 11112. 

u Mlnutea. Conference on Innert Re|M?llent«, Committee on Medical Research, National Revearca 
Council. 12 NOT. 11142. 

"Minuten, Fifth Conference, Inaect Repellent« and Isaectlcldes, Office of Scientific Renearcli and 
Development, National Reaearcn Council, 28 Sept. 1943. 
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the vector of «untltiy fever, fur n pei-mil of from ."> I<>7 hours. : 'IVsIs in lVru by 
investigators of the Gorgas Memorial Laboratory demonstrated the cliective- 
ness of both dimethyl phthalate ami Rutgers (Hi against local sjtecies of 
Phlebotomus which were vectors of verriijra |>cni;iii;i  (l>artonellosis).■, 

As part of the investigation of mosquito rc|>ellfii(s at tlio Orlando Lalto- 
ratory of the Ihireau of Entomology and Plant (Juaraiiiiiic tesis were also 
made on larval mites (chiggers). It was found that Iudalonc, lJulgcrs 111:2, 
and dimethyl phthalate were all eirective in protection against larval miles, 
especially when applied around the openings in clothing.'' These substances 
weit» i!:;is of value as a preventive measure against scruli typhus which is 
transmitted by certain si>eeies of larval mite» in the Orient. Australian 
workers reported that dimethyl phthalate acted as a lethal agent against larval 
mites rather than as a repellent. Memliers of the United States of America, 
Typhns Commission working in Xew Guinea developed a field method for the 
impregnation of clothing with dimethyl phthalate, utilizing a soapy water 
emulsion.00 This was found more practicable than previously used methods 
of applying rc[>cllents to clothing and was widely employed as a preventive 
measure to protect troops from scrub typhus in the western Pacific." Bulk 
supply of dimethyl phthalate in gallon containers for application to clothing 
was recommended in the fall of l'J4.1 for certain of the oversea theaters. In 
Decemlier 1044, it was reconimended that an emiilsiiier be incorporated with 
the dimethyl phthalate to facilitate the preparation of emulsions in the field. 

As investigations of repellents continued, a inimlier of substances were 
discovered which were superior to dimethyl phthalate for impregnation of 
clothing to protect against larval mites. Henzyl lienzoatc was selected l>eeause 
of its rapid action against mites and its [lersistence in clothing after launder- 
ing. In Mnrch 1°4.">, recommendation was made to the Office of the Quarter- 
master General that benzyl benzoate, together with an emulsifier, be substituted 
for dimethyl phthalate in the bulk issue of insect repellent, Because of 
difficulties in procurement, however, supplies of benzyl benzoate did not reach 
the field in time to lie of use before the end of the war. 

Insecticides 

Coincident with plans for the deployment of increasing numbers of troops 
in tropical regions, need was foreseen for greatly increased amounts of insecti- 

" Report. Ma}. Altert B. Babl«. MC, "U.S. Am; Vim» CommlMloa.'- U.S. Army Form In the 
Middle Rut, tu C»mml««lon M Neurotrople Virus IHMHISM of lb* Board for the InrntUratloa «ad 
Control «I InaWnxa and Other Epidemic Dlaea«« of tk« Army, Onto» of Tb* Samoa General, U.S. 
Army, M«y IMS, »«»)**«: Preliminary Observation» on tke EaVetlrraen» of Certain Repelleats 
Aimlnat PhlfMemtu pmpmtm*tt. 

« Once of 8ct«atlflc Research anil Development Monthly Prorrrn Report No. 4, 15 Feb. 1M4, 
«object: 8todl«i on Repellent». Spraj« and Other Control Measure» Agalntt Pklrttotommi Carried 
Oat la tk* Etlmac Tiller. Pern. December 1943 to January 1944. 

• A nummary of Inrr»t Intloat on the Development or loseet Repelleata and Loaaldoea, OSRD 
Frojeeta M-T23, M-MO, and 54-831. 4 Mar. 1D43. 

" Ltiter, UL Col. Joseph F. Sadnak, Jr., MC. United State* of America Typbot Commlriloa, to 
Dr. W. X. Dare, Bureau of Entomoloa-y, Department of Agriculture, T July 1044, inclosur* thereto. 

■ War Department Technical Balktla <TB JIBD) 131, December 1141. 
«5421»'— 03 3 
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cides to control insect pests ami disease vectors, l'yivlliruin was llu> active 
ingredient of most of thi* insecticides employed for spray killing mid also of 
some of tlu> preparations used as mosquito hirvieidcs. 11 lit I was widely used in 
this country as an agricultural insecticide. Afli>r I lie liegiiining of the war, 
Kenya, British Kast Africa, Uvanie almost tin» sole source of pyreihruiu. 
Increased military demand, crop failuiv in Kenya, and shipping dillicullies 
resulted in a critical shortage in the spring of I'.M-J. At a coiifeivnce held in 
the I'.S. IVpartment of Agriculture on ±i .May lull', it was agreed that pri- 
orities should lie established to control slocks of pyrelhruni and that cultiva- 
tion of the plant should lie de\elo|M>d in the I'liiled States, By action of the 
War Production Board, supplies of pyivihruiu in the I'nited States were 
"frozen" on 11 June, and thereafter allocations were made primarily upon 
the basis of military needs. 

In the spring of l'Jl'5. a joint I'nited Slates-l'iiilcd Kingdom committee 
was established under the International Aid Division, ASF, to consider tech- 
nical as|M>cts of the use and conservation of pyrethrum and to determine 
policies to govern allocations of pyrethrum flowers by the Combined Haw 
Materials Board.''-' It was agreed that the amount of pyrethrum allocated 
for military use should lie in pro|M>rt ion to the number of troops e.\|M>scd to 
the risk of insect Jmrnc disease, and, so far as practical, American and British 
standards of issue of pyrethrum pivpanilions should be identical for similar 
conditions. Although stocks of pyrethrum remained critical during 1!>4:J and 
allocations continued through 1!>44, supplies were always sufficient to meet 
essential military needs. 

Aerosol Dispensers 

Economy and efficiency in the use of pyrethrum by the Army was accom- 
plished by the adoption of the Aerosol insecticide dispenser as the principal 
means for spray killing adult mosquitoes. In um, scientists of the I'.S. De- 
partment of Agriculture discovered the principle of using a pro|>elleiit gas to 
disperse an insecticidal mixture into a tine mist, or Aerosol. With the advice 
and assistance of officers of the Piwentive Medicine Service, manufacturers, 
during the summer of 104*2, developed a suitable small container utilizing 
Freon-12 as the propellent. One |x>und of the pyrethrum mixture contained 
in this cylinder was sufficient to treat 150,000 cubic feet of space and was more 
than equivalent to 1 gallon of pyrethrum oil spray in insecticidal efficiency. 
Because of their small size, Aerosol insecticide dis|>ensers, popularly known 
as mosquito bombs, effected a saving of approximately H."> -tercent in shipping 
space and could conveniently 1» carried into forward areas (fig. (5). They 
were also highly valuable for disinseetization of aircraft. Sjiecifications and 
requirements were submitted in Octolier 1042, and production began in 
Xovember. By 1 March 1943. approximately (500.000 dispensers had l>een 
manufactured. 

«-Minute«, Joint United 8t>t«-rjrit«1 Klncdou Coinniltt«« on Pyrttbraa. IB and 18 Mar 1043. 



l'KOVlSIOXS NIK MAI.AUI.V «ONTKOI. It 

Fiui'M 0.—Aerosol insecticide dispensers.   Both types contain the same Insecticide, 
weight of contents, approximately 1 |Kiund. 

Net 

As Aerosol insecticide dispensers proved their worth in the field, recom- 
mended allowances for use in malarious areas in oversea theaters were increased 
by 50 percent in March 1P43. By summer, difficulty was experienced in obtain- 
ing sufficient Freon-12 to permit manufacture of the number of dispensers 
needed to meet oversea requirements. Strong support was given by The Surgeon 
General to increased allocation of Freon-12 for insecticide use/'3 As a result, 
War Production lioard Order M-28 was immediately amended further to con- 
serve Freon-12 by prohibiting its use for comfort cooling installations, and 
steps were taken to increase its production. A proposal to mix methyl chloride 
with the Freon-12 used in insecticide dispensers was rejected because of the 
toxicity of the compound and because the gain from the use of methyl chloride 
would not compensate for the loss of production due to required alteration of 
manufacturing facilities." Supplies of Freon-12 for Aerosol disjiensers re- 
mained critical until new plant facilities for its manufacture were completed in 
the summer of 1944. 

■ Letter, Maj. On   Norman T. Kirk. Th* Surffron Central, U.S. Armjr. to the Commanding U«n- 
eral ASK, to July llM.I. siihjeet : FIWUI-IS fur Inwillrlile fse. 

~ S*« footnote ."HI. |i. a«. 
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DDT 

Thu principal advance in insect control during (lie war was the discovery 
and application of the various insectic'ulal actions of DDT against tlic vectors 
of disease. In February 1 £>+;>. tlio Orlando laboratory of the I '.S. Department 
of Agriculture lirst reported the remarkable etfeciiveness of DDT as an anophe- 
line, larvicide. Further field studies during the summer of 1!»4:>, including a 
series of carefully controlled cxjieriiiients, continued the value of DDT oil 
solutions and dust preparations as mosquito larvicides. Production during 
1943 was limited, and all the DDT was used for louse powder liei-ause other 
noncritical materials were available as effective larvicides. Small amounts, 
however, (approximately ">0 pounds) were, shipped to each of live oversea 
theaters in September in order that the usefulness of DDT as a mosquito larvi- 
cide might lie tested under the varying conditions prevailing in the held. 

In the meantime, studies of the loxicily of DDT were lieing conducted to 
determine the safety of the different preparations of DDT for various insecti- 
cidal uses. By September 1043, these invest igations had progressed to the point 
where the National Research Council Conference on Insecticides and Rejiellents 
recommended use of the following preparations: 

1. Commercially pure DDT for use (a) in a ."»-percent solution in kerosene 
as residual-type spray to control mosquitoes, flies, and bedbugs, and (b) in 
concentration of not more than 10 percent in petroleum oil solutions as an 
anopheline larvicide. 

2. DDT in powder form for use (a) in dilution not exceeding 10 percent 
with inert diluents for application as anopheline larvicide dusts, and <l>) in 
water susjiension with a suitable wetting agent as residual-type spray to control 
mosquitoes and flies. 

3. DDT in concentrated (20 percent) solution for dilution with water and 
use in emulsion form as a residual-type spray and as a mosquito larvicide (figs. 
7 and 8). 

The first estimate of requirements for DDT for use as a mosquito larvicide 
was submitted in December 1043; however, except for small amounts employed 
for experimental purposes, DDT was not available for mosquito control until 
the spring of 1944. Directions for its use as a mosquito larvicide were published 
in March 1944." Fifty thousand pounds were allocated from production in 
April, and recommendation was made for this amount to be distributed among 
the various theaters in malarious areas. Automatic shipment of this supply 
was ordered. Regular allowances of DDT for mosquito control were first 
authorized in April 1944, but because expanding production did not keep pace 
with the increase in authorized allowances, allocation of supplies to the theaters 
was necessary through the remainder of 1944.°° 

«War DeiuirtmrDt Technical Ball«»» <TB MED) 14, 3 Mar. 1044. 
••(I) War Department Circular No. 151, 17 Apr. 1JM4. (2) Memorandum, Col. Edward T. 

Maeatee, OMC, (Chief, General gnppUea Branch. Storage and Distribution Division), for Office of Tut 
Surgeon General, Pre »entire MedMne Section, attention: Major McCoy, S3 June 1944. subject: Larrt- 
cMe. DDT. Powder. IMMOlrUl 
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Kl<il-KE T.—Mixing DOT in the flelil. 

Even before allowances of DDT mosqiiiio control items wci-c published, it 
became apparent that larger amounts of thisagent would IK> required, especially 
for area routrul of mosquitoes by airplane application. In March 1944, esti- 
mated requirements for DDT were approximately quadrupled, and. in May 1944, 
this amount was doubled as a basis for calculation of Army procurement in 1945. 

Airplane Spraying 

First studies of airplane application of DDT to kill mosquitoes were 
conducted during the fall of 1943 at the, Orlando Laboratory. In January 1944, 
a conference was held in the Office of The Surgeon General at which liaison was 
estaVilished lietween the various agencies concerned with the development of 
methods for aerial dispersion of insecticides. Cooperation of the Army Air 
Forces was obtained to facilitate development of equipment and for further 
trials of DDT airplane spraying at Orlando. A project was established under 
the Army Air Forces Hoard in April 1944 to determine the practicability of 
employing standard aircraft and equipment for this ]tur|Mise. 

In order to confirm in a tropical jungle location the promising results ob- 
tained in Florida, arrangements were made for representatives of the. U.S. 
Department of Agriculture to conduct a field t rial against anopbeline mosquitoes 
in Panama (tig. 9).   The spraying of DDT oil solution over jungle forest at 
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FICURE 8.—l'rt'iiaratinii of 1>DT <>il siilulioii for use an a iiiomiuit» liirrU-iile. 

the rate of 0.4 |MHIIH1 of DDT |KT acre reduced the IIUIIIIMT of adult aiiophelines 
by more than 94) ]iereent and killed practically all anoplicline larvae.'7 

Upon the basis of favorable results obtained in Florida and in Panama, 
a summary of information then available concerning airplane spraying of 
DDT was sent in April 1944 to the surgeons of theaters in malarious areas, and 
further trial of this method of insect control was encouraged. Also, the possi- 
bility of DDT airplane spraying for mosquito control in combat areas was 
emphasized. During the summer, airplane spraying projects were carried 
out in all the theaters where mosquitoborne diseases were ini|iortant, in many 
instances, with equipment improvised in the field.   This method of control was 

«Interim Report No. 0-76: Studies on the Application of DDT from the Air ami on the (»round 
for Control of MoKaultoes In I'ltniimii. Arthur W. I.lndnulst, U.S. Department »if Agriculture, Agrl- 
cultural Research Administration, Bureau of Kutoniolog-v und IMiuit Qmirniirlne. Orlando. Kl» . and 
Oapt. W. C. MrDulBe, SnC. Army of the United Stules. to Committee on Medli'ul Research of the OHIr» 
of SdentlBc Research and Development, 20 Apr. 1644, «uhjwt: Inwrl Repellents. I'onlrurt No. M-72S. 
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Fin HE n.—n 2.* airplane spraying DDT nil solution over jangle area In Panama. 

especially vnlmible in newly occupied territory before ground control measures 
cou1<l be established. In order tlmt aerial spraying might lie performed most 
efficiently, it WIIS pro|>osed tlmt s|>ecial squadrons be authorized for this purpose. 
In May 1945, certain of the oversea theaters were questioned concerning the 
extent to which such units could he utilized. The war ended, however, before 
s|MM'ia1 Air Forces units were organized and trained in this country. 

Further experimentation in the development and trial of apparatus for 
dissemination of DDT from aircraft was conducted throughout the war, both 
in this country and overseas. Much of this work was carried out by the Army 
Air Forces Hoard in close cooperation with Division 10 of the National Defense 
Research Committee, OSItD, nnd other Government agencies. Important in- 
formation was acquired concerning the principles and practical application? 
involved in tlte dissemination of insecticides from aircraft." 

1 tec»use DDT not only kills disease vectors but also may destroy fish and 
wildlife and certain species <.f insects beneficial to agriculture, consideration 
was given to precautions to be observed in large-scale use of DDT in this 
country. A conference was held between representatives of the Army ar.d the 
1\S. Public Health M-rvice in March 1045, and it was agreed that certain 
safeguards should   «• adopted to prevent indiscriminate application from air- 

- AiHlru«. K. C . I- .^fir. «'. S.. Ilronk. I> W. l^-k».—1.1. S.. Cnnirn. O. A.. 
Wlolrralti. M. I" f-illtnr»): Ailrulirra In Military Mnllrla*. Itnntna: l.llll. 
1W«. vol. II. |>|>  lM:: R44. 

Jr.. Wnn, J. T.. aaa 
,  llrown  *  Coapaay, 
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«Til ft in tin- I'ltited Stales.'0    Viir 1 >t-| >:■ i-l iiit-i 11  Cin-iilar No. -JnT. | > ■ i i > I i ~ 11 ■-< I 
on 10 .Inly I'.H.'i. prescribed that |ii'njii'is fur airplane spraying of Hill' :il 
military installations in I lie emit mental I'nileil States iiuisi lir-t In» :■ | >[>■< >\ «t I 
l>y I lie Army Committee for Insect and Undent Control. Nine sneli projects 
were approved in I'.t-I.V" 

Army Committee for Insert anil  Rodent  Control 

When problems in the supply anil use of DDT assumed increasiiiif im- 
portance early in l'.i-1-l, the Commanding General, ASF. at the suggestion of 
the director of OSKD requested The Surgeon (lineril to form u rouiuiillii- 
to coordinate flie activities of various ugeticies coinvrncd with this new instvli- 
ciilo and to make recommendations regarding production, allocation of current 
supplies, and new applications for use in the field. This eommitlce. known 
as The Surgeon General's DDT Commitlee. consisted of representatives of 
the Xiivy. U.S. Public Health Service. l'.S. Department of Agriculture, and 
OSKD, as well as various hranches of the War Department. The committee 
served as a valuable channel for the iiiti-rcliaiijr>»of in format ion and the currela- 
tion of various phases of reseatvh, production, distribution, and tield uses of 
DDT.1 

ltv the fall of 11» 14« the scope of research aspirta and civilian applications 
of DDT had become so extensive that the OSKD created an Insect Control 
Committee, to correlate the (livers» and expanding; research projects involved 
in this program and to act as an information Inn can fur the collect irn and 
dissemination of information on DDT. The Surgeon General's DDT Commit- 
tee became the Army Committee for Insect anil Kodent Control which con- 
tinued to deal with the military as|iecls of DDT and also considered other 
measures for the control of insects anil rodents.7- ('lose liaison was maintnined 
between the two committees. l{e|>orts from Army sources were siil>mitti>U 
to the OSKD Committee for alrstnictiiig and distribution to the various l'.S. 
and Allied agencies interested in DDT. 

The Subcommittee on Field I'ses of the Army Committee for Insect and 
Kodent Control dealt with matters of immediate concern to the Army's tropical 
disease control prop-am. Tlie liekl testing of new repellents, the dissemination 
of DDT from aircraft, and the development of Aerosol methods of dispersal 
weii> the most im|M>rtant subject« of consider. >; ion. Although exjieriinenls were 
conducted with smoke generators am' explosue charges as means of disseini- 

"(1) IsMtcr. Brl«- (irn. Jan« 8. Simmons, VS. Army Chlor. I'rori'ntlie Medlelno Serrlce, 
OTSO. to Dr. Thomas IV r run. Thr Siiravon li.-n.r.il. I' S. 1'iihlk- ll.allli Service, 12 A|ir. 1943, la- 
do» up» thereto, snhji-et: Use »t DDT for Mosquito Control In the I'nlled Slate»—A Joint Stutemeat 
of rolle.« by the I'D. Army and the U.S. I'uMl« Health Herrlee. (2> Letter. I'. I,. Williams. Assist- 
ant 8orieoa General. U.S. 1'nMle Health Herrlee. to The Kuro« Oenc.nl. IS. Armr. Ü0 Apr. IMS. 

"Mlaotc*. Ninlh Meeting. An; Committee for Insert and Rodent Control, e* Auf. lwr. Ap- 
pendll II: Report of Subcommittee on Field Uses, "s Ann. IIMo. 

*> Mlaatea. The »urieon Rmril'ii DOT Committee. Hi June 11M4. 
'-'War Department Memorandum No. 40 44. s Nor. It'44. 
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nating I>I)T, these methods had mil lievn adopted fur lii>lil use liy the end i)f 
the \\iii". 

Dissemination of Information to Field Workers 

Tli« circulation of informal inn concerning new ilevelo|iinenls in insert 
control to workers in the field was :m ini]Kirt;int ]»l)!ise of the tropical disease 
control program. Minutes of nieelhijrs of The Surgeon fiwu'rnl's DIM' Com- 
mittee {«ml later of the Army Committee for Insert and ltodcnt Control and 
the •'Abelmet Bulletin" of (lie Insect Control Committee. OSIll). were sent 
directly to key ]>ersoiis in this emmtry and overseas. As new insecticides were 
adopted, directions for their use were published in War Department technical 
medical bulletins.:j Arrangements were made, through eoo|>eration of the I'.S. 
Department of Agriculture, for selected Medical Department officers to observe 
deinoustrations of the Held uses of DDT insecticides tiir.l the new repellents at 
the Orlando laboratory of the Bureau of Entomology and Plant Quarantine. 
These 4-day demonstrations were held at intervals of approximately t> weeks, 
beginning in November 11»4*> and fontinuiiij: through .Inly 1!)!."». They were 
extremely valuable for the instruction of preventive medicine officers, especially 
those assigned to oversea service. 

Distribution of Supplies and Equipment 

Because supplies of insecticides and other items for control of insects were 
often limited, it was necessary to distribute what was available among the var- 
ious theaters in accordance with the estimated needs. Accordingly, the Pre- 
ventive Medicine Service usually recommended allowances of insecticides und 
pest control equipment in terms of so much per thousand men per month in 
specified geographic areas. These allowances served as a basis both for the 
Army supply program and for the requisitions from oversea theaters. The 
first, published table of allowances was issued in March liMS and was revised 
as supplies increase«!. Since some items were supplied by the Quartermaster 
Corp* and others by the Cor|>s of Kngineers, it proved convenient to publish 
subsequent tables of allowances in the form of War Dc|wrtincnt circulars.'4 

Issuance of insect control supplies was a constant problem, not only be- 
cause of frequent materiel shortages in this country and the necessity for alloca- 
tions but also because of inadequate distribution in the oversea tlieaters. When 
the Aerosol i'votieide dispenser and the new re|>cllents were adopted, estab- 
lishment of adequate supplies overseas was particularly difficult. Automatic 
supply of these items was therefore ordered in March l'M'-\. Because troo|>s 
often arrived in malarious localities without provision for adequate insect 
control supplies and equipment, it was ordered that a :to-day supply of essen- 

■' <1> See footnote «S. p. 42. 12) War lt.txrlni.nl TWkntail llilllftln iTIt MEIJ) 110, 25 Oct. 
IM«.    Cl) War Dapartaaent Technical Bulletin iTB MED) 1W. IT Aat. 1IH5. 

■' <1> War Depanamt Clrenlar Xn. 23«. 1 Oil. lw:i. i2> Sw r,„>tiiole m II I, p. 4,2. (3) War 
Department Circular Xn. 16::, 4 Jnae lw.v 

«MSI»'—nn-     n 
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tial antimalurial drugs, insecticides, and rt'iiellciits accompany troops embark- 
ing in tltis country ami that (hey l>e SO stored aboard ship as to be immediately 
availablo U]M>II landing." Provision also was made that troops carry a mos- 
quito bur and a tmttl« of insect iv|iellciit as part of their individual equipment.7" 

EDUCATIONAL ACTIVITIES 

Instruction for Medical Officers 

Development of special courses and programs of instruction formed part 
of Tropical Disease (Control activities at intervals throughout tlie war. As the 
Medical Department liegiiu to expand in the prewar period, physicians who 
were lieing recruited from civil life had little or no practical experience with 
tropical diseases. Teaching of tropical medicine in I'.S. medical schools was 
generally either inadequate or altogether lacking. To meet this deliciency, 
a s|>eeial 8-week Course in Military and Tropical Medicine was organized at 
the Army Medical School for medical officers coming into the service. The 
instruction emphasized the preventive and control us[>ccts of tropical inf"ctions 
as well as the methods for their diagnosis and treatment. The. lirst course 
began in August 1041. During the war, -2.s courses were held, attended by 
1,797 Medical Department officers who completed the course and by 48 others 
who received part of the instruction. As approximately .V>,(J»I0 doctors were 
mobilized into the Army, this program of courses met only a small fraction 
of the need for s|*vial instruction in tropical medicine." 

As a longer range program, steps Here taken through the Sulx'oinmittee 
on Tropical Diseases of the National Research Council, in the summer of VM'2, 
to improve undergraduate teaching of tropical medicine in medical schools 
which wen» then largely given over to the training of future medical officers 
for the Army and Xtt vy.:* (ii-nnts from the .lohn and Mary It. Markle Founda- 
tion, totaling £171 ».mm. in the years VH-J, 104:'>, and 1!>44 enabled medical schools 
to send one or two staff members to the 8-week course in tropical medicine at 
the Army Medical School and to Central America for u month of practical 
Held e.\|>erieirce in the tropics. Of the 77 medical schools in the I'nited States. 
IKS took advantage of these opportunities.71' With the sup|Mtrt of the founda- 
tion grants. s|iecialry qualified lecturers ami ]>arasitologic specimens and other 
teaching materials also were furnished to medical schools. 

™(1> Letter, Briir. C.en. U 8. Oxtrander. USA, Adjutant General. U.U. Ara»r For«'» In the Fur 
East, to The Adjutant General. War l>*|>>rtinent, 1 Ort. llM.'I, «uhjeet: Malaria Control, [it letter. 
Maj. Oen. J. A. I'lln. Adjutunt General. War Deeartmenr. to tbe Commanding General». I'ott» of Km- 
barkotlou; the CoaimaiKllue OIHeer». l'orls auil Subiiorts of Embarkation: th<> Quartermader <Jen- 
rrnl: The Sort-eon General, nud Chief of Tr.tn»|Mirtatlon, :.« ltec. 1!M.*5, fubjert: Autlmuliirla giipplttx 
for Troop» Moving Oversea)». 

'•Preparation for Oversea»  Movement   IHIiort Title:  I*OM>. 2d edition. 1   AHR\ IMS. 
"rinta wer» obtained from id* |{e»oiiree» Annlyfls IMvlslon. OAW of The Surgeon General. 
"Minnie». Kl.velitn Meeting. KlllKH.niinlttoe on Tropleal l>i«onses. Committee on Medlrnl Ke- 

warrh. National Kevearth Count», s July HHi. 
"* Annual Report, The John and Mary II. Markle r'ouiHlalton. t!>44 
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When the will- in Kuropc ended micl the redeployment of large fiuvt>s to 
the Pacific was scheduled, arrangements were made for refresher training in 
tropical medicine for medical officers during redeployment. A 2-week pro- 
gram of instruction, known as the Course in Diseases of the l'ncilic Aivu, 
was estnlilislicd at Carlisle liarracks, l'a., and a group of I-.' specially qualified 
officers was selected to give refresher instruction on the prevention, control, 
diagnosis, and treatment of these diseases. The course was intended for Medi- 
cal Corps officers assigned as unit surgeons, as medical ins|>cct<>rs, or as chiefs 
of hospital medical services. The first course l>egun on "JO August 1945, lint, 
because the war ended, only four courses were given. A total of (U> officer» 
attended. 

The issuance of informational bulletins and other educational materials 
was an ini|>ortaut activity, lieciuisc Medical Department officers, in general, 
lacked knowledge und cx|ierience relating to tropical diseases. The first digest 
of essential information concerning tropical infections was dislriliuted in June 
1941 as a circular letter for medical officers.8" It was repulilished in an ex- 
panded form early in 1!>4:5.S1 The prevention and control of malaria was 
discussed at inotv length in a separate publication.*- Tauter, as more iiifomia- 
tion was accumulated from the Army's field experience, individual bulletins 
were issued dealing with sptvilic diseases which had proved to lie of military 
importance. As a rule, these descrilied diagnosis und treatment, as well as 
prevention ami control, and were prewired in collaboration with other inter- 
ested divisions of the Preventive Medicine Service and the Medical Consultants 
Division, OTSG. ltecanse of the outstanding military iui|iortance of malaria, 
War De|iarlinent technical medical bulletins were prepared from time to time 
in order to summarize latest field ex|ieriences with the disease and give informa- 
tion concerning tlie development of new control measures. These bulletins 
were 8 of -24 War De|iartinent technical medical bulletins on tropical diseases 
which were pre|iared primarily or in part by the Tropical Disease Control 
Division during the war. 

Eleven articles relating to the control of tropical diseases were printed in 
medical and scientific journals. The most significant of these publications 
were a key to the anopheline mosquitoes of the world mid a mosquito atlas 
which summarized im|iortant information concerning the vectors of malaria 
and other mosquitohorne disease."3 These were issued in tlte spring of 1943 
and were highly valuable to entomologists and other members of the worldwide 
malaria control organization. 

•• See footnote 34 (11, p. no. 
"■ Clmilar Letter NIL :s:t. nllii- vt The jtiiwon Oem-rnl. r.S. Arnjr. 11 Keh. IMS. 
Tlrrular totter Xo.  2"J. HWrr of Tho Siir«.-..» fieneral. ''S. A.-uij. 1« Jan.  11143. 
-»ill HIIKWII. Paul V.. Koirnoom. I.lovd K. »ml Htone. Ainu: Keys to the Ano|>hellne Mosquitoes 

of the World, with Nairn on Their lilentlhVntlon. Histrthlltlo I, llloloyy. ulul Relation to Malaria. 
Philadelphia: Th« Amerlrun Kntomolouleal Mnrlrtj, The Arn.I.my (if Niltiinil Melon«*, IM.'!. (ÜI 
Kon, Edward ».. and Huberts. II. HauVly tV: Mosquito Atlas. I'hilndeltihla: The American Kntuno- 
lofleal Botlrty, The Aeudraiy of Natural Sciences. |>t 1, 1943. 
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Tlio Division of Medical Science« of the Xntioiml liesoarcli Council de- 
veloped a series of compact und practical textbooks designed particularly for 
use by Army and Navy medical forces. Two of I lie volumes had special value 
in malaria control and were prepared liy stall meniln-rs of tlie Anny Medical 
School." 

Troop Training in Malaria Control 

During the summer of 194;», efforts were made to strengthen the training 
and indoctrination of troops in malaria control measures. In September 1943, 
War IVpurtmi'iil Circular No. ±i'<i «as published which prescribed a sjK'cial 
4-hour course in malaria control and discipline for everyone in the Army. For 
future oflicers and inductees, it was ordered that this instruction be included 
during their training in the continental United States. For personnel already 
in the Army, IMIIII in the I'nited States and overseas, the instruction was to be 
completed at the earliest date |»ossil>lc. Details of the instruction, including 
an outline of the material to lie presented during the I-hour course, were pub- 
lished in War Department Training Circular No. 10S. iil September 1943. 
These provisions for s|ieciul training in malaria control were kept in effect by 
a subsequent War Department circular published in April 194."», at which time a 
revision of the training circular including new developments in preventive 
measures was also issued."3 

Training Aids 

Throughout the war, the Tropical Disease Control unit promoted and 
gave consultative technical assistance in the preparation of various training 
aids for the instruction of Iroops in the prevention and control of malaria and 
other tropical diseases. 

Informative material to serve as a basis for lectures on malaria control 
was published in circular letters from the OTSG and in War Department 
training circulars.8" Portfolios, measuring 30 by 40 inches, of mounted illus- 
trations with suggested texts for the lecturer printed on the reverse side were 
designed to assist instructors in presenting lectures on prevention of tropical 
diseases in such a manner that they could be understood readily by troops.*1 

A number of motion picture films were produced under the auspices of 
the Army Pictorial Service or were adapted from those produced by other 
agencies to supplement basic instruction. The first of these on malaria control 
(TF &-053, Malaria—Cause and Control), issued early in 1943. showed the life 

H<1) Murk». Tboma« T.. Hunter, George W., and Worth, C. llronke: A Manual of Tropical 
Medicine. Philadelphia: W. II. Kaaodcra Co., 1943. (2) Knuxell. I'atil K, West, Linker 8., IB« 
Maawell, Reginald D.: Practical Maliirlolocj.    rbltadtlnhla : W. 11. Suundera Co.. 194«. 

•MI) War Department Circular No. 117, 14 Apr. 1MJ. (2) War Department Training Circular 
Mo. 1«. 14 Apr. 1843. 

•* (1) Circular Letter No. 44. Office of The Surgeon General, l'.S. Army, IS IVh. 1043. (3) War 
Department Training Circular No. las. HI Sent. 104:1. 

" (1) War Department Graphic Training AM S-4: Malaria (Graphic Portfolio), 1M1. (3) War 
Department Graphic Tmiutnf Aid HIT: l*erw>nal Health (Graphic Portfolio). 1045. 
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cycli' of tin1 malaria parasite iinil emphasized environmental control measures. 
In 1944, another film (TF l-.'>:54:'>, Malaria Discipline), produced priniurily 
under tin« auspices of the Army Air Forces, stresse«! individual protective 
measures and malaria discipline. Ijaier. films were issued which portrayed 
experiences in the field and served as a background for refresher training; for 
example: 

Miscellaneous Film UIH'i, Silent llnMle. a portrayal of Australian Army 
experience with malaria. 

Film Bulletin l'.»."i. DDT -Weapon against Disease, an account of the 
development anil early Army uses of I )11'l" insect icides. 

Film 1 Juliet in •_'IH>. Malaria ('mil ml on Corsica, a picture of Held application 
of recommended control measures. 

Miscellaneous, Film li'Ji), Schist osoniiasis. a hrief ]M>rtrayal of the geo- 
graphic distribution, epidemiology, clinical asiHs'ls. and control of scliisto- 
soniiasis. most of which was photographed on lü-yle where this disease, was a 
military problem during the early stages of the campaign to rencr-npy the 
Philippines. 

Educational Propaganda 

In order to supplement instruction given during formal training periods, 
advantage was taken of every opportunity to issue reminders or educational 
propaganda concerning tropical disease preventive measures, especially those 
which tho individual had to apply himself. Various media were employed for 
this purpose, including i*»sters, pamphlet:-, cartoon moving picture films, re- 
cordings for broadcasts, signs, and printed warnings on match covers and ration 
containers. Ik-cause of the prime military importance of malaria, most of 
these reminders were designed to promote malaria discipline and the use of 
individual protective measures against mosquitoes. 

In the summer of 1!)4;», a booklet entitled "Tliis is Ann," prepared by 
Maj. Munro Leaf and the cartoonist Theodor S. Giesel (Dr. Seuss), was pub- 
lished and distributed to troops proceeding to tropical theaters. The booklet 
presented in humorous style the essential facts about malaria and the protec- 
tive measures which the soldier himself should apply (fig. 10). It was well 
received and widely publicized and distributed. Several million copies were 
printed before the end of the war. Material from the booklet also was printed 
on the back of oversea news maps which were given wide distribution 
throughout the Army. 

During the summer of 1JH3, the cooperation of the Special Services Divi- 
sion (later Morale Services Division), ASF, was secured to promote an educa- 
tional propaganda program in malaria prevention among troops in the field. 
Through this cooperative effort, 15 posters, 3 cartoon motion picture films, and 
a recording were produced which utilized the facilities and specially qualified 
talent of the Special Services Division.   The posters emphasized personal 
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H er full name is 

Anopheles Mosquito 

and her trade is dishing 

out Malaria 

She's at home in Africa, 

the Caribbean, India, 

the South and Southwest 

Pacific and other Hot Spots. 
she's dying to mttt you. 

FIGURE 10.—Cover and opening pose of Imoklet explaining toe facts about malaria and 
individual imMstm-s of prevention. 

protective measures against malaria (lips. 11 and 12). Twenty-live thousand 
copies of «ich were printed and distributed to the oversea theaters in malarious 
areas early in 1944. 

Cartoon motion pictures were produced as part of the Snafu Series which 
was regularly included in the Army-Navy Screen Magazine. These cartoons, 
each with a running time of about 4 minutes, depicted in humorous fashion 
the difficulties experienced by Private Snafu when he neglected antimalaria 
precautions.   They were entitled and released as follows: 

"Private Snafu vs. Malaria Mike," released in Army-Nary Screen Maga- 
zine No. 23, March 1944, and later issued as Miscellaneous Film No. 10.J5. 

"Target Snafu," released in Arniy-Xnry Siittn Magazine Xo. :5S, (Vtolier 
1944. 

"It's Murder, She Says," released in Army-Navy Screen Magazine No. 52, 
May 1945. 

One hundred copies of a recording entitled "Know Your Enemy— 
Malaria" were produced and distributed in the spring of 1944. About 20 
minutes in length, this recording was suitable for broadcasting over local radio 
networks and loudspeaker systems and was intended for use in orientation 
programs and for refresher instruction. It stressed the hazards of malaria in 
the tropical theaters and the individual means of malaria prevention. 

Experience had shown that short cartoon trailers attached at the begin- 
ning of feature motion pictures shown in the oversea theaters were effective 
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^ < ,,tfJS>~ DON'T 
GET A MOSQUITO BAYONET 
IN  YOUFL 

Fictmc 11.—Antlmalarl« poster. 
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FIOITBE 12.—Antimalaria poster. 
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reminders in promoting malaria, discipline. Arrangements wvra made with 
the Army Pictorial Sen"ice for tlie production of ."»it appropriate cartoon 
trauere, each of which stressed :m aspect of personal measures for prevention 
of malaria. 

Other reminders were issued in the form of slickers for vehicle wind- 
shields displaying autimalaria slogans such as "Prevent Malaria- Shorten the 
War," and an admonition to "Slay on Authorized Roads—Malaria Mosquitoes 
Breed in Koad Ruts—Do Your Part to Stop It.*' Reminders to observe ma- 
laria precautions also were printed on ration li<>.\ containers and on match- 
book covers sold by Army Post Exchanges. 

In connection with plans for redeployment in the 1'ariiie, a series of 
posters on tropical diseases was prepared in conjunction with the Health 
Education Unit. Release was post]>oned lieeause of the sudden end of the war 
with Japnn. However, three posters dealing with schistosoniiasis and four 
relating to scrub typhus were issued in DeeemWr 104.">. Other posters on 
plague, filariasis, and malaria were still in the process of publication at that 
time. The importance of health education as a program separate from 
didactic training in disease prevention was not appreciated early enough lim- 
its value widely recognized. Experience indicated that the propaganda phase 
of preventive medicine warranted more thorough and systematic exploitation. 

From time to time, members of the, stnff of the Tropical Disease Control 
unit were called ujvon to lecture at meetings of various medical and public 
health societies. In these lectures, opportunity was afforded to present ac- 
counts of the tropical disease problems faced by the Army and the steps taken 
by The Surgeon General to meet them. Attendance and discussion at such 
meetings served as a valuable liaison between the Ollice of The Surgeon Gen- 
eral and the medical and public health professions in the country at large. 
In addition to these lectures, members of the staff lectured on numerous occa- 
sions at Army training centers including the Army Medical School; the Medi- 
cal Field Service School, Carlisle Barracks; the Vnit Training Center, Camp 
Planche: and the Schools of Military Government at CharlottsviHe, Va., and 
New Haven, Conn. 

PRECAUTIONS AGAINST THE INTRODUCTION OF TROPICAL 
DISEASES INTO THE UNITED STATES 

General Policies 

As the zones of military operations were extended and large numbers 
of men were deployed in tropical regions, it became apparent that the possible 
introduction of exotic diseases into this country by returning service personnel 
would be a serious problem. At the request of the armed services, this matter 
was considered at a meeting of the Sulieommittee on Tropical Diseases in 
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January J!>4:>, ami a report, of its recommendations was circulated to repre- 
sentatives of the armed services in March 1!>43.SS As thi'ii visualized, the risks 
especially to be guarded against were: 

1. Introduction of diseases not I lien existent h the 1'nileil States. 
•2. Introduction of new strains or types of disease organisms which might 

be more dangerous than those already in the country. 
3. Admission of large iiuniliers of (»ersoiis in feiled with diseases then 

existent in the United States, with the result of wider distribution and in- 
creased incidence. 

4. Introduction of the vectors of certain diseases which weiv presumably 
then alisent liecause, of the lack of those vectors. 

The recommendations contained in this rejiort were discussed at confer- 
ences of representatives of the Army, Navy, and I'.S. Public Health Service 
held in the OTSCl on 111 and 21 April. At the latter conference, agreement 
was reached regarding general recommendations on the introduction of tropi- 
cal diseases into the United States and also specific recommendations on certain 
diseases which presented the greatest military problem; namely, malaria, 
filariasi«, and schistosomiasis." In substance, it was decided that: (1) control 
of the mosquito vectors in known endemic areas in the United States was the 
most, practical solution to the problem of preventing |x>st\var malaria epi- 
demics; (2) the presence of microrilariae in the blood without symptoms 
should not warrant restriction of the location or movement of infected per- 
sons in this country; and (3) studies should lw undertaken to determine 
whether local species of snails could act as vectors of schistosomiasis and to 
develop more satisfactory drugs for treatment. 

The recommendations made at. this conference were adopted by the Sub- 
committee on Tropical Diseases in July 11*43 and served as the basis for Army 
policy. Questions on measures to prevent the introduction of disease vectors 
into the United States were handled by the Interdepartmental Quarantine 
Commission of the Army, Navy, and the U.S. Public Health Service. Sub- 
sequent conferences of representatives of the Army, Navy, and the U.S. Public 
Health Service to discuss problems in connection with the introduction of 
exotic diseases were held on 13 March liM4 and on 8 June 11)4.%. Although a 
number of additional recommendations were made, chiefly to encourage better 
diagnosis and reporting of tropical diseases by civilian agencies, no important 
changes affecting the policies of the armed services were adopted. 

" (1) Wanten, Thirteenth Meeting. Subcommittee ön Tropical Disease«, Committee on Medical 
Research, National Research Council. 12 Jan. 1943. (3) Minutes, Fourteenth Meeting. Subcommittee 
on Tropical Disease». Committee on Medical Research, National Research Council, 30 July 1943. and 
Appendix A thereto, datnl 28 Apr. 1943. sulijw-t: rnnren-ixi' «n I'riHsiill.nis Aimliixt the Intrndurtlun 
of Tropical Diseases Into the United States by Returning Military Personnel. 

» See footnote M (2). 
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Program for Returning Soldiers and Prisoners of War 

As more and more men returned from tropical areas, many of whom were 
infected with malaria, further steps were taken to minimize the hazard of 
possible spread of the disease in this country. In June 194.5, Circular letter 
No. Ill, Office of The Surgeon General, U.S. Army, was published on the man- 
agement of malaria cases; it emphasized antimosquito precautions and pre- 
scribed thick-blood film examination of all patients who had had recent duty 
in an oversea area where malaria was endemic. Adequate control of anophcline 
mosquitoes was maintained at military installations, including hospitals, 
throughout the country. In accordance with the agreement between the Secre- 
tary of War and the Federal Security Administrator, the U.S. Public Health 
Service carried out mosquito control, when needed, in extramilitary zones ad- 
jacent to reservations. This program was originally instituted to protect t roops 
from acquiring malaria from civilians, but it also served equally well to help 
prevent spread of malaria from soldiers to civilians. 

In the spring of 1943, large numbers of prisoners of war from the North 
African campaign, many of whom were infected with malaria, were brought 
to this country. The same antimosquito measures were employed at prisoner- 
of-war camps as at regular military installations to prevent possible spread of 
malaria among the prisoners and to surrounding civilian communities.*" In 
the 1944 season, the problem of malaria control was made more difficult because 
prisoners were widely dispersed in branch camps to work on farms and other 
scattered labor projects. In camps which were tobe occupied for comparatively 
short periods, emphasis was placed on screening, on the use of bed nets, and on 
tlte employment of insecticida! sprays, rather than on drainage and larvicidal 
programs.91 

Cooperation With the U.S. Public Health Service and State Health Offices 

As the prospect of demobilization approached, support was given to extend 
the program of Malaria Control in War Areas, U.S. Public Health Service, to 
include selected locations in Southern States where the risk of transmission was 
considered greatest." Evidence of the effectiveness of this coordinated mosquito 
control program was afforded by the extremely low malaria rate which prevailed 
among troops permanently stationed in this country after 1941 and also because, 
so far as was known, only an insignificant number of secondary cases of malaria 
were traced to oversea veterans. 

During the summer of 1944, the number of malaria relapses occurring 
among veterans caused concern on the part of civilian public health authorities. 

"Army Kerrie« For«« Memorandum No. S40-10-43, IS Jane 1943. I Malaria Among Prisoner* 
of War.] 

•» Army Kerrie« Fore*» Circular No. 20«. 5 July 1944. 
«Latter, Maj. Gen. Norman T. Kirk, The Surreon General, 1.8. Army, to Dr. Thomas Parran, 

The Surgeon General. U.S. Public Health Service. 11 Oct. 1944. 
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This was inanifotcil in :i scries of Idlers m The Surgeon < iencral from Stale 
health officials asking tlint the Army furnish the name* ami addresses of all 
persons discharged from the service, who hail 11;■<I malaria. Tin- |iicsiion was 
brought, l)pfoiv ;i meeting of the Subcommittee on 'l'rit|>it-:iI Diseases in Scp- 
teml>cr.":: After discussion l>y represent at i\cs of l lie MTVins ami the Associal ion 
of State and Territorial Health Officers, a resolution was adopted to the effect 
that no essential public healtli piir]inse would lie iiccuiiiplishcd l>y rc|>ortiiig to 
civil health authorities filenames and addresses of person- wlio had had malaria 
or had l»een e.\]M)sed to it during the course of their military experience. The 
consensus was that malaria control in the I'nited Slates should he l>asei| u|x»u 
untiinosquito measures in endemic and potentially endemic areas rather than 
uiHiii control of individual cases. 

Special Medical  Processing for Returning Troops 

In order to lessen the risk of ]M>«sihle introduction of tropical infections, a 
supplement to the usual quarantine procedures was adopted, which required 
social medical processing of troops returning from foreign duty.'" During 
this medical processing, sjiecial effort was to lie made to identify and hospitalize 
or treat individuals who, while on furlough, were likely to suffer from a re- 
crudescence of a chronic infection, especially malaria or other tropical disease. 
Thick-blood film examinations were prescribed routinely for those who had dis- 
continued taking suppressive antimalarial drugs within the previous SO days. 
All ]>ersons who had had malaria overseas or had served in a hyperendemic 
area and had had suppressive treatment were to l>e warned that they might 
suffer a relapse or an initial clinical attack while on furlough. They were 
instructed to seek prompt medical attention and I« have a blood examination in 
case of a febrile illness. This warning and instruction was also printed in 
War Department Pamphlet Xo. 21-1IS. l!)44, which was distributed to soldiers 
about to go on furlough after oversea service. "With the prospect of extensive 
redeployment and demobilization, the procedures relating to the medical proc- 
essing of troops returned from foreign duty were later revised and emphasized 
in TB MED 180, published in July 1945. 

Another measure which heljied to prevent spread of malaria in civilian 
communities was the policy on discontinuance of malaria suppressive treatment 
in returnees which was established in November 1044.93 In order t hat personnel 
who were still taking suppressive medication upon arrival in the United States 
might be protected from malarial attacks during travel and furlough and also 
to insure that medication was given for at least 1 weeks after last exposure in 
an oversea malarious area, it was ordered that suppressive treatment should be 

■* Minute«. Seventeenth Meetlnar. Subcommittee on Tropical Dtaeaee», Committee on Median Ke- 
senreli, N itloonl Research Council, 28 Sept. 1M4. 

« War Department Technical Bulletin iTB MRU) 2, 3 Jan. IM4. 
M War Department Circular No. 44». 23 Nor. 1S44. 



CHAPTER III 

Experience in the United States 
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MILITARY MOBILIZATION IN POTENTIALLY MALARIOUS AREAS 
OF THE UNITED STATES 

The prescribed missions of tn>o|>s stationed in the continental United 
States of America are (1) to protect the area and (2) to be trained for military 
duty at home and abroad. Malaria had been an impediment to military train- 
ing in the Southern United States during World War I.1 Iu continued to be 
endemic in certain parts of this area as late as 1940. To prevent the disease 
from becoming; an incapacitating risk to the fulfillment of these two objectives 
and to preclude the hazard of exerting military personnel with latent in- 
fections to become disease casualties abroad, large-scale autimalaria operations 
were undertaken from 1941 to 1940 on and near U.S. Army areas in the ]M>- 

tentially malarious sections of the continental Unite«! States, mainly the south- 
east quadrant of the country. This region, where the climate allowed 
year-round outdoor operations, was selected by both the ground and air forces 
for the establishment of numerous military installations, mostly for training 
purposes. In 1942, there were 499 such facilities in the 17 States where it was 
believed that malaria might infect troops, and thereby seriously hamper train- 
ing programs. The ever-widening spread of war created an urgent demand 
for greater numbers of trained tighting men. In VM'\, 90 additional military 
posts were opened, raising the total number in these States to 589. This figure 
remained virtually the same in 1914 (.VCS) but by 194.'», as a result of the 
cessation of hostilities, decreased to "i20.3 

There is a direct correlation between these figures and the numbers of 
troops involved. In 1942, approximately 2 million men, many of them from 
nonmalarious areas of the country and therefore highly susceptible to infection, 

1 Th» Mnltrnl Ik'pnrinmt or Ihr rmt'.l Stair* Army In ihr World War. (Vmmunlrahlr and 
Other Pl«ra»r».     Wn»lili>irn.ii : I'.H. <icv.rnm.til  ITintlne UKn-, Ilia«, vol.  IX. IT   31A .'ID. 

•T»»l» of tli« number o» Army and Air t'ormi ln»ullnll..n. In IT Stair« fur 1IK2-4S In- 
elanlrr. Aupi.l 11M5. The IT Stair» «i-rr Alutnnui. Arkan«a>. California, Florida. «trorirUi, Kentucky. 
Loalalana. Mt"l--I|.| I. Missouri. Xrw Mnloo. Norlh Carolina. Oklahoma. South Carolina, Tpnurasi«. 
Teia«. and Virginia. 

lit 
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wer» assigned to these posts und I raining centers. In 1913, the inimU'r was Ji.O 
million.3 Tliis figure does not show merely the assignment of additional troops 
but probably indicates almost a complete replacement of men who hud finished 
training and were then in combat zones, l>y 1944, the jieak perioil of training 
had passed, and the number of military personnel in the malarious regions 
had declined to 2.» million and by 1!»4."> showed a further redti<-»i'"i lo 1.9 
million.' 

MALARIA INCIDENCE IN THE UNITED STATES BEFORE 
WORLD WAR II 

The last rise of malaria prevalence in this country to epidemic proportions 
occurred in the midtliirties (chart 3) probably as a direct enw-t of the de- 
pression, living standards deteriorated in most rural areas where malaria is 
traditionally focused. As a result, those antiiualaria defenses normally sup- 
ported by householders (screening, drugs, insecticides) were relaxed. This 
outbreak constituted essential cvidemv on which was liased the theory of 
cyclical increases in the incidence of paludism in the United States." The fact 
that brief periods of high cmlemii-iiy accompanied by scattered epidemics oc- 
curred historically in the United Stat es at intervals of f roni 5 to 7 years had been 
noted; from this it was predicted th.it, malaria prevalence would again reach 
a peak sometime near 1941 or 1942. though it was not expected that this increase 
would be as important as its predecessors. In the lirst place, no further de- 
pression was anticipated which would paralyze resistance to i-in-h an outbreak. 
Secondly, the direction of overall malaria incidence, including epidemic years, 
had lieen steadily downward ever since the last quarter of the 19th century, and 
malariologists were not aware of any unusual circumstances which might 
reverse this trend. 

Malaria, which at one time had lieen highly prevalent over a large ]x>rtion 
of this country, had been concent rat ed since 1912 in the southeastern quadrant. 
Tlie total area involved receded and ex|wnded with tlie rises and falls in in- 
cidence of the disease until 1932 when it reached its minimal extent (maps 1, 
2, 3, and 4 (redrawn from Williams, I* I*. Jr.: The Anti Malaria Program in 
North America. In A Symposium on Human Malaria. Washington: Ameri- 
can Association for tlie Advancement of Science, 1911, p. JHhi)). From that 
time until 1940, it remained at varying intensities in the same portions of the 

'Strength of COSL'8 Army Installation» and Arlivltl». IMS-43. Prepared for War Department 
General iliaf by Machine Record« Branch, ümer of lb» Adjutant Ueneral, under direction of Sta- 
tistical Branch. 

'Strength nf tar Army, 1IM4-4.1 Prepared for War la-imrimeni tteneral l»ia» by Machine Hee- 
orda Branch, Otic* of the Adjutant Oeneral, under direction of Statistical Branch. 

'<!) William«. L. L. Jr.: Th* Anti-Malaria I'rotrau» In North America. In A Bympmilam »a 
Rnnaaa Malaria. Washington: American Association for the Advancement of Science. 1MI. pp. 
M9-37«. 12) I'auat, E. C.: Clinical and Public Health A«|.-ct. of Malaria la the I'nlted State« From 
a Historical perspeettre.    Am. J Trop. Metl. 'J.I:  ls.1 -am. May IMS 
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I'HAKI :\.    Mnrbiilitu uml wnrhililii nth» fnr iinihiriti .'» nil sttittx' n iiuithit/ nis*n- und 

itt allt».   IUin In l'.i',U, im-liixiri. 

I Kult' lAliri-*»'tl ;is liilliilii-r <>l' rn*i'« iiml  iiiniili*-r nl" IIIMI]I> |>*-r I.IHIU.IMIO |I.I|HI1:II1HII |MT IIIIIIIIIU] 

RUTE 

1044 

* Include» all Stntes »ml the District of ColiimMa which reported cases or deaths during the rt- 
•pectiTe venr*. 

■Data oa cares from "The Notifiable IMwino-«." anil <lnta on ili-iiilm from "Vital Statistic« <>f lb* 
rutted State-." National OIBce of Vital Statistics. VM. Public Heriltb Kerrie* 

Source: Communicable Disease Center. U.S. Public Health Service. Atlanta, On 

same States. It was in these regions tliiit many military and defense establish- 
ments were loontc.l v.urn (lie United Slates put its World War II defense 
program >"'>» effect. 

Becat.se for the most «.«art it is pns>il>le t<> maintain regular i mining o|>era- 
tions in these areas throughout the year, the seasonal tlistrihution of malaria 
was impoitant only as it related to malaria control planning. In Georgia, for 
instance, a typical malarious Stale In-fore Worhl War II, 1 lit» greatest nunilier 
of cases was reported from July through N'ovcinlier while deaths occurred 
chiefly from August through Deecnilicr.''   This parallelism in trend and lair in 

* Andrew«. Jiistl-. A Oencr.i. <'<>n>lderall<>ii« In Plannlnc Malaria Control, la A Symposium 
•■ Human Malaria. Washington : Anicrlinn Axsocliiiton for Ihr Advaneemeiu of Srlrure. 1941. pp. 
IM-SM. 
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lliu rise, and ilt'i-liiii*. in the nunilxis of deaths sis compared in HH* was ivpical 
of reported malaria in (lit' -oillhciu I'nitcil Slates. "W'liili- the mortality and 
morbidity report ing of lliis disease haw 1MM»H notoriously inaccurate, especially 
liefore 1!>4(), those responsible for tin* prevention ami emit nil of malaria liave 
Inul to rely on them, together with I lie Undings of special field surveys and 
diagnostic hilioratories, as guides for operations. Thus, during the war years 
extrarantomiieutal :ui<l iutracantomeiital malaria control activities were liased 
on this tyjie of information. 

The endemic areas of the United States have a climate compatible with 
the occurrence of ljoth falciparum and viair malaria, though at higher tem- 
[icraliircs the former flourishes somewhat, more cMiU-rantlv than d<ies rinw 
infection. While quartan malaria has lieen encountered occasionally in this 
country, it has never contributed significantly to morbidity and mortality. 

The ratio lietwecn the nunilier of cases and the nuiuliei' of deaths result in«: 
from paluriism is determined by the type of parasite involved. Yiciue malaria 
is extremely debilitating lo its victim ami makes him liable to secondary infec- 
tions which may prove fatal, but it is not generally a primary cause of death.7 

On the other hand, mil rented falciparum malaria tends to fulminate rapidly 
and frequently kills its host directly. Thus, generally speaking, wherever 
there is a high projiortion of falcipamm infection, death rates from nrdaria 
will be high: conversely, when this pro|ioilioii is low. malaria death rates are 
low. This factor appears to have manifested some influence on cyclic epidemic 
malaria in this country. Poring the last of these outbreaks, there was a 
greater proportional increase in the prevalence of fn/ri/nirum malaria than of 
virtue malaria, .fudging by the sharp rises in mortality during previous epi- 
demics, the same dominating role of falcipartnii parasitism may have lieen in 
operation. 

Another factor which modified the occurrence of malaria in this nat ion was 
racial ditferences in siiM-eptibility. Our white natives are readily infectible 
with all types of malaria parasites. On the other hand, the Negro is relatively 
refractory to virus malaria but can lie a great reservoir of falciparw» infection 
in the South. Furthermore, the easier ucivss of aiiophcliurs to the jioorly 
constructed and maintained homes of many of the Negroes increased the num- 
bers of their new infections, und the general unavailability «if adequate treat- 
menu prolonged tlieir parasitemius. Thus, the location of military camps in 
the Southeast, where the adjacent Negro |topulation frequently outnumbered 
the white, could have «'suited in an enhanced exposure of training troops to 
the more deadly ty|ie of malaria, unless active measures had been taken to 
forestall it. 

Both vivax and faiciparum infections an- more prevalent during the warm 
seasons of the year than in the winter. In areas where they coexist, the pat- 
tern of Phixmodium fafri/mruni incidence is the simpler of the two.    It makes 

■ Kau»*. K. <-• : Mnlarln  Im-tik-mv  hi X..rlh An» rim     In Maliirl-.lns.i. ■■■Mini hi  »hirli P. It...vd. 
l-bitn<i*i|>blii: w. ii SiiiiTBhr-1'..   mm. >..i  i, |.|. TIII-;■;::. 
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its appearance in the spring and im-ivast-s very slowly. Wlit'ii warm weal I if r 
arrives, the. rat« accelerates anil a. Mulilrn peak is attained in the lain simulier 
or fall. In comparison, the Plaxmadiuiii vivax cycle is more complex in that 
it usually shows two separate increases during a season. The greater of these 
increases may coincide with or slijrhlly precede thai of /'. fulciparum. The 
lesser one manifests ilself as a rule in the late, winter or early spring months. 
These vernal attacks aiv either relapses of infection-, emit laded and exhibited 
during the previous summer ami fall, or represent primary onsets occurring 
after overwinter inclination." This latter characteristic has Iteeil found to be 
typical of Temperate Zone strains of vivax malaria." 

During World War I, mosquito control operations were carried on within 
military reservations by the Army, and around camps, recreation areas, and 
war industrial plants in malarious regions by the I'.S. Public Health Service 
to protect military trainees and civilian war industry workers. Some !$>,",50,()(M) 
were s|>eiit by military authorities on drainage and oiling during 11118 and 
Will.1" Xo records are available to show just how much of the $2 million 
appropriated by Congress to the U.S. Public Health Service for extrucanton- 
meutal sanitation was used for malaria control—nor of the additional funds, 
labor, and materials, contributed by the American lied Cross, railroads, State 
and county health departments and, in some instances, by cities—but the total 
must have been considerable." 

In spite of these expenditures, 10..M0 admissions for malaria were reported 
among Zone of Interior troops from April 1!U7 through December 191t), in- 
volving a loss of 1"< 1,073 training days.'- This experience emphasized the 
necessity for devising more economical methods of malaria prevention. There- 
fore, stmill's on rural malaria control technology were continued after World 
War I, and clieii|ier temporary measures such as screening and larviciding were 
demonstrated and promoted in the yea is following. Parnsitologic and entomo- 
logic studies were resumed by the U.S. Public Health Service and State health 
departments. In 11)31, the Bureau of Entomology in the U.S. Department of 
Agriculture established tlie Orlando Laboratory in Florida for the study of 
insects affecting man; this led to productive research in the entomology of 
malaria.   Improvements in malaria reductive techniques included the dem- 

•Bot« M. V.: Kpldenilology of Malaria : Factor« Related to the Interewdlatt Hot. I» Ma- 
larlologr. edited by Mark I". Hoyu.    l'bll i.Mptaln : W. «. Kanarier» Co.. 1IH», Tol. 1, pp. 531-WT. 

» ill de Hmk. A : Some h>»ulti< i.f Six Year»' Moaqultn Inlrrllun Wurfe. Am. J Hy*. 24: 1-1*. 
Jill.T l».!li. CJ1 Coatni-y. O. K . I'*.|»r. W. C Kline. I" ».. Tilling. M IK. and Hurl*»». R. W.: Ktudtea 
I» Human Malaria. XVIII. Thr Ufe IMII.rn or Kporo/olte Inilnced St. KllaaWth Strain rira\# 
Malaria. Am. J. llyg. 31 : 200-213. March IttfiO. |.1| Alvlng. A. 8.. Arnold. J . and RoMnaon. I>. B.: 
Ktntu* of PrlmaQillne. 1. Ma»« Therapy of Siibrllntcal Virax Malaria with l'rlaaaqnlne. J.A.M.A. 
14»:   1S3S-1562. 23 Au«   1B52 

»The Medical Department of the Vailed »InIf« Army In lb* World War. Snnltaltiin. Wash- 
ington : Gmrrnment I'rtntlog OBee. l'.r.Ml. vol. VI. p. :*.:'2, 

»Annual Hrnort. Murreon Ormriil of the public Health HerTlre of the United State«. Washing- 
ton: Government Printing Odlce. ltW> 

"The Medical Department of the t'nltrd Stair» Army In the ','.'..rlj War. Statistic«. Wash- 
ington: UoTerament Printing OnV-e. 11(25. vol  XV. pi. 2. op  s* and 213. 
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Olislration of paris green as an aiioplu-line larviciile.1: The exletisivi; use of 
this substance brought about more eireclive ami cliea[>er inclIKHIS of appüca- 
tion, including power tlusl inir from I nicks, INHIIS, ami airplanes. In l'.)-_':5, the 
Rockefeller Foiiii<latiiin o|ieiieil a malaria research station in south tieorgia 
from which came many basic i-unlriliuliiuis anil where tin- majority of tlie out- 
standing ninlarinliigislsof this general ion were trained." 

Another postwar development ilcstiiutl to Uvomc of «rival signilicauce 
was tin' HIili/alinii of a traditional component of insect killing ilnsts. pviv- 
tlinim, in kerosene as a spray.1, 'I'lli.« w;is nil rixlinnl in lül'.l lull did not 

become popular as a household insecticide until alxjttt 10 years later. 
Quinine had long been taken prophylaclictilly liy the residents of highly 

endeinii' areas to reduce the symptoms of malaria." hut it could mil IH> de- 
pended ll|ioii to effect radical cures. While it may have interfered to some 
degree with malaria transinission, it is doiihlful that it ever did so to any 
major extent. Atahrine was inlI-IMIm ••>I in the early thirties and was pn-i iptly 
tested in south (ieorgia with cnnsiileralile success: ,T indeed, its intensive use 
may have modified the distribution of fiiiiifmimn malaria in the South. 

Since, its creation in 11>:1:J for the development of the Tennessee Uiver 
s\stein, the Tennessee Valley Authority has lieeu interested in malaria 11111- 
ti-ol. The studies and operations of the Health and Safety IVpartmenl of the 
Tennessee Valley Authority have resulted not only in signilicaiil reductions 
in the malaria and anopheline problems in ibis region but have provided the 
basis for improved water management principles and procedures which can 
be applied wherever water is iin|w>undc«l in porentially malarious ariiis." 

During the depression years and up to World War II, Federal relief or- 
ganisations (the Federal Civil Works Administration and Federal Emergency 
Relief Administration established in 1!»:!:! and the Works Progress Admin- 
istration in lt>:>5) supplied manpower for malaria control purposes. A 
tremendous amount of drainage was accomplished through these projects. It 
has been estimated that the combined relief programs involved a daily average 
of 211,000 men for <>."> rears working on malaria control drainage in an aver- 
age of 2Ö0 counties." In the Hi southeastern States, :fc».li.V> miles of ditches 
were dug eliminating 544,414 acres of anopheline breeding area. 

"Barter. M. A. »nil llsvnr. T. B.: Aix-nlc «a .1 I_i Melde fur Annphi-lioe l-arvur. Pub. Health 
K»l>. 36: MSI-MM. I) IHT. M-Jl. 

"Uiloarll. I'mil V.. Wi-al. I.iilher 8. ami Mnnwill. lOtlii.iltl I» : I'rarllml Sttii«rl«ili>R)'. l'tallu- 
•Mphla : W. B. Samnk-n. I'"    HUB. 

"Onttdtntrrr.  C  II.:   I*yn>thrum  H«iw««rn.     Minneapolis:  Md^niirlilln Uortnlt-.r  King Co., II».:.". 
»Andrew*.   J     ]|. :  Whiif«   llu|ipeiiliiB   I..   Slnlarlii   111   tile   I'X.A.I    .Am.   J.   Pub.   Health   ::* : 

Kim:. July 1114». 
,r Seeklncer. I>. 1.. : Alilhrlli«- nn«l rtiismiH'liln In Ihr Treatment and C.ntn»! »f Malaria. An J. 

Trn|i. Meal. I.'i: Kil  HI». Nnvi-nilaT Ilia."». 
J" Federal Sieiirlt.i Aeiiirj. I'M l'iihllr Iteiiltli Serrlee. and Tenne»»»* Valley Authority, Health 

ami KalVty Ik-lMirlHH ut Malnrlii I'mitrul «in IIII|M>IIIHII.*I Wiil*>r. W:i-hltiirt..n : I'.S. OoviTiiniflit t'rllil 
In« (Mee.  IIM7. 

»See fnutniite 5 ill, |>. ••-. 
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The Social Security Act passed in l!i:S.i and its extension in Ulli!) provided 
for malaria survey and control personnel to be added to State health depart- 
ments and for an increase in the niiiiilier of local health departments through 
which anliiualaria activities could IH> promoted and administered."' This 
stimulated the interest of Stales anil counties in malaria control which, with 
n|H-i')itional assistance from the. Works l'rogi-ess Administration (renamed 
Work I'rojects Administration on 1 .Inly l!»;'.!l), advanced environmental 
malaria control until late l'.Ml. It was from these malaria survey ami control 
teams in States that the Armed Forces were to draw so heavily for their 
own units. 

CIVILIAN RESERVOIR OF INFECTION 

The civilian |N>pnhitiou which constituted the. reservoir in the south- 
eastern Tinted Stales from which military |iersoiinel were liable to infection 
was made up of underprivileged inhabitants—white and Xegro—of rural 
areas. For the most part they were tenant fanners, sharecroppers, or hired 
farm laborers. Many were undernourished and chronically ailing from sec- 
ondary anemias duo to their limited diet but frequently compounded by ma- 
laria and, in sandy coastal areas, by heavy hookworm infestation. Medical 
care was scantily available and Iteyond the financial reach of many of these 
families, so these defects were rarely corrected. 

The principal forms of recreation of these jieople were sitting out in front 
of their homes in the hot summer evenings, fishing at night, .'.ml an occasional 
sociable which brought groups of all ages together after dark at country 
churches or schoolhouses. All these pastimes permitted free exposure 10 mos- 
quitoes. Xor were these people much better protected when they were within 
their own homes, for these structures were rude, ramshackle hovels, unscreened 
and with gaping holes in floors, sidewalls. and roofs, providing: misy access 
by nocturnally active, blood-hungry anophelities. Thus, malaria was con- 
tinuously maintained in this |M>pulation at levels which wert' notably lower 
than those which had prevailed during previous generations but which in 
many localities were still considerable. This was evidenced by high indices 
of blood parasitism and splenomegaly among school children.-1 

The construction and o|ieration of military training cnni|>s offered lucra- 
tive opportunities of which many of these |>enple hastened to take advantage. 
In numerous instances, they relocated their families near military installations, 
thus bringing malaria parasite carriers into proximal relationship to military 
trainees.    Added to this was the sjiecial risk of tron]>s during maneuvers, night 

*" ill Public IJIW 271. 74th Cons- l»t »»«     lit I'lihllr IJIW ::m. 7«th runt. Li w«. 
•> 111 WHIM.II. R. II.. »ml Hire. M. K. : S<>nw r'.|i«lini1..1..L.'l. ul «h.irnit.rKlli« i.f Miilnrlu In North 
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l*»-20*, SfptrnHier INI i2l Tln.il Sunn»; 1* 1IKIT Full Maliirl.Hm-try. I* (ir,.rrln Mai 1 
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FIG r HI: !•'!. Inoiilnh* iiiititliiHHiiiiliilu*. ■ In- vnior of iimluria in the eastern 
:lll(l   SirllllllTIl   ri'L'illllS nf   III)'  I   illl illl-lltill   I'llitlll   SCItlM. 

exercises, guard duty at night, ami other details and activities entailing ex- 
posure to anophelines after dark. It is truly remarkable tliat molt; cases of 
malaria did not develop among the military ]>opulation. It seems ivasonable 
to supi>ose hat malaria would liave been much more prevalent among the 
trainees hat', not effective measures lieen taken to minimize this hazard. 

MOSQUITO VECTORS 

On the basis of experimental infectibility, observed infection in nature, 
human-blood feeding habits, and epidemiological correlation with the occur- 
rence of human malaria, two species of mosquitoes have lieen shown to be the 
principal and possibly the only transmitters of malaria in the United States. 
These are Anopheles quadrimaculatuii Say (fig. 1-1) found in the eastern and 
southern regions of this country and AnopheUs frecborni Aitken (fig. 14) 
found west of I lie Rocky Mountains (map 5). A third species, Anopheles 
albunanus Wiedeinann, an important transmitter of malaria in the Caribbean 
area, has been found in the lower Rio (irande Valley of Texas and rarely in 
southern Florida.    However, sinn» none of this species bus lieen found natu- 
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Fun lit: 14.    .1M«/I*I/(« fiT<h»rni, tbe votor of mnliiriii west <>( tliu Uwky 
Mmiiiliiiiis in the cmilim-nliil I'ulttil States. 

rally infected ami since .1. i/initlrum't iiiuhix ntrurs in lar<»e miiiiliers in the. 
same amis. .1. <>1b'»n<tnu* is not considered a malaria vector of any consequence 
in the I'iiiieil States.™ 

There are certain characteristics of these two im|Mirtant s|K-cies of imoplic- 
lines which are of significance in planning niiihirin control programs. .1. 
i/wit/rhwirtrltttux anil .1. frrrhumi are primarily fivsli water breeders ami are 
found more often in the clean, still, slightly alkaline waters of |x>rmaiient or 
.semi|M-riiianent pools or JHHKIS where surface-intersecting vegetation or inani- 
mate Hot age is aliiiiiilant. In the larval microhahitiit. .1. qiimlriiiiiuiiliit»* is 
associated predominantly with mixeil sunshine ami shaile or -broken shaile" 
anil .1. friihoriii with «»(»eii sunlit water siirfaivs. I loth species can tolerate 
considerable variation in anil departure from optimal light values when the 
ot her ecologic factors favor ovi|x>sit ion anil larval development. Thus through- 
out the southeastern I'niled Slates, .1. tjiiiiiliiiii^nuliihi» thrives in large ami 
small artificial impouiiilnieiiis. nuiiyiii.il river swamps, wet lime sinks, anil 
HIXMIIMI ricelielils. 

-J A*.«Ir»*ws, Juslln M. :  M.ihirl:! I'milrnl hi III«1  NIMH-III* llfirli.ii. 
F. II.   .1.     ■■hlliKltl|.l>l» :  W.  II. S: I.T- IV,  UHU   i..l.  II. |>|<   I::». 

«."■mil'     it! 7 

In M.il.irl..!..):.>. ■HIIIIII |,_V Mark 
I ::!>:». 



COMMrXK'AHI.K DISEASES 

h^j Anof>hfl*i   frccborni 

H Anophttts albimanui and 

A guodrimaculoiu» 

MAP Geographic distribution of thne »im-les nf iinnplii'lines ussix ialril with malaria 
transmission in the c-uiitincutal I'nitcil Stall's. 

In the western United States, A. fnrhoml is often associated with irrign- 
t ion, being found in the seepage or overflow water from such systems or in their 
neglectetl grass-grown ditches. Like .1. t/Hinlritimattittii*. tliis species nourishes 
in ricetields ami borrow pits I tut, unlike its eastern counterpart, shows a pro- 
pensity for temporary breeding places such as water-holding animal hoof prints 
ami vehicle ruts. It can adapt itself successfully to brackish water (salinity 
equal to 15 |teiveiit sen water), where its distribution carries it to coastal zones, 
and also to highly mineralized desert jxtols. The larvae of both species, in 
common with those of all other mosquitoes, are eagerly sought by the top min- 
now, (iitmbwia afffnix. Under optimal conditions, the aquatic stages require at 
least 10 days for their development. 

The adults of these two species also have similar habits. Precipit in tests of 
the stomach contents of females of both species indicate a high pro|tortion «if 
Itovine blood, with equine, porcine, and human appearing in decreasing amounts. 
Even though these mosquitoes are the nearctic anopheliues most fond of human 
blood, these, tests reveal that they prefer cattle hosts. 

During the transmission season, both .1. t/innii-lnui^uhihix ami .1. fnihoini 
enter homes without hesitation and rest in the darkest corners and nooks in the 
day and emerge at night to few I: even larger numbers of them choose stables 
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an«! other animal shelters.-' A. quddiimiuufiitux also gather in liw holes, in 
caves, and under bridges and culverts. 

Although both species overwinter in tin- adult stn«n*. their lialiils in this 
period vary somewhat. The fertilized -1. r/uin/itni<ri->i/ir/ui< females ivliiv in lli«' 
full to dark sheltered s|iots. such as unoccupied buildings. IISISCIIII-IIIH. «Mit 
cellars, tree holes, and similar locations, usually in close proximity to breeding 
places, when* they remain relatively inactive. On the other hand, during the 
full and winter months. .1. fniltmn! females convert their Mood meals to fat 
body rather I hau to eggs. After mating, I hey migrate for long distances, some- 
times as far as lit to VI miles from breeding areas, and seek shelter in outbuild- 
ings, houses, cellars, caves, and under bridge-, without regard totlie presence of 
man or other animals, Throughout the winter months, they manifest consider- 
able activity, moving altonr, and changing from one resting place to another. 
Dunn«; this (lerind of srmihihernation. these musi|iiit(M>s atv prone to hiie man 
in warm buildings or even to attack him in the open on warm evenings. In 
Kehniary, the females emerge, bite viciously in full daylight, and continue their 
fall migration. This spring emergence and distribution flight is said to cover 
distances, as great as the fall migration, hill in a shorter jieriml. At this time 
their pggs develop, egg laying occurs in both favorable and unfavorable breeding 
places, and within 2 or :'< weeks all the ailult females disa|)|ie»r and only the 
larval stages are found. Within approximately a month, the first lirood of 
adults for I lie new season a p| rears. 

The effective flight ranges of lioth sjiecies are usually considered to l>e 
alxnii one mile, hut it is known that longer flights occur occasionally. 

DEVELOPMENT OF MILITARY MALARIA CONTROL PLAN 
AND POLICY 

The outhreak of hostilities in Knro|>e in 1 !»:>!> set the I'.S. defense program 
into motion. The President declared a limited national emergency, and the 
Congress passed the Selective Training and Service Act in 1!>4<>. Hy the end of 
1!>4<i. t he training of tmo]>s had liegtm.and industrial plants were being enlarged 
or constnicted to produce the necessary materiel to supply not only our own 
needs hut also those of our future allies. Many munitions plants, airplane 
factories, and shipyards were erected in the Snath where both space and man- 
power were readily available. Army jmsls and training centers were established 
also in this region where climatic conditions favored the year-round operations 
necessary to our nll-ont defense pn'panition etfort. As a result of these ac- 
tivities, large numbers of individuals—lx>th military and civilian—were intro- 
duced from oil r parts of the United States into these areas where malaria was 
historically endemic. These new opportunities for employment cut. heavily 
into the numliers of men on Work Projects Administration (formerly Works 

-■" Fr.Ttp.irli. Sliinlry It : Aii.ipliHImw nf Um .Wurrtl.- K.'iili.n In ^riliirl.'I..L-v. .-.Ilti-il l.y Murk ¥. 
Iliijil.      I'lillii.l.lphiii : W. It. Suilwla-ra <'».. |!l4!i. vnl. 1. p|>. .S7!t  :,!ts. 
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Progress  Ailm'miMratioii )   rosters.    Tims,  ni;il;iri:i  i-iiiiliiil  drainage  projects 
previously manned by lliis orgaliizal ion l:i|M'ivil oil' la pit I I.V. 

On military property. Army inn h"rit ies operated malaria control activi- 
ties, but they wore not authorized to extend those to adjacent civilian estab- 
lishments ami iloiiiains certain to be ns»'d liy trainees, nor to undertake them 
on and alxmt the areas where de fens«; industries essential to tlie future war 
effort »<>!,. located. Experienced State malaria control and survey teams were 
lieing 'awn upon heavily for stalling the Army malaria control organization, 
so tha.    itale health departnunts were unable lo assume this res|>oiisibility. 

Fortunately, arrangements had already lieen effected through an inter- 
change of commiiiiicatiiiiis early in 1!>40 lielween the Secretary of War and the 
Federal Security Administrator whereby the I'.S. Public Health Service, 
operating under I lie authority of exist ing laws and using its own resources, was 
to coo|M>rale with the Army "in safeguarding the health of military personnel 
by suitable measures of exlnimilitary area sanitation in connection with the 
present concentration of troops in the South.''-' This had lieen devolo|>ed 
initially lo help check the increases in venereal diseases acquired by soldiers 
from civilians. For this pur|xrse, during or shortly after Xovemlier 1!>4<), 
liaison personnel hail Id-en detailed by the I'.S. Public Health Service to each 
Corps Area Ileudipiarters to effect operational contact lietween military and 
civilian health authorities during maneuvers. This provision was quickly 
extended to include extracantonmental /ones.-"' The existing authority was 
broad enough to carry on cxtraniilitary malaria control activities under the 
same auspices, and so it was promised originally to o[>erato malaria mosquito 
control projects around i-ani|is tbrougb these liaison officers, the State health 
departments, the Work Projects Administration, and the district offices of the 
I'.S. PuMir Health Service. 

K.\|K'iience during 1SJ41, however, proved the infensihility of this proce- 
dtire. and, in early l!>4"i, the Army requested in format ion concerning future 
plans of the I'.S. Public Health Service regarding extramilitary mosquito con- 
trol activities.'-'" Shortly thereafter, the F.S. Public Health Service activated 
a special organization-7 known ultimately as the Office of Malaria Control in 
War Areas, generally referred to as the "MCWA." to direct and coordinate the 
efforts of Federal. State, and local health agencies near military establishments 
and to help integrate on an area basis the malaria mosquito control activities 
of military and civilian workers. 

•'I^lti-r. I'll.. Sn-n-mry nf War. to I'uul V. M.Null. Aalmlnlolrnlor. Federal IVnirily A*vn<-.v. .10 
Jan. 1»40. and n-plj' Ibt-rntu. is Fob. ]»4i). 

=*I*tt*r. The Adjutant lieneral. War |ie|Minmeni. tu Ihr Cnamandlnir General, Fourth Curp» 
Arm. Atlanta, On., 4 May 1IM0, snbjwt:  Kxti-n»liin of Pnwnt Utllluitlun i.f tin- r.B. c.l.llr Health 
Servlcf. 

"Utli'r. Ilinr.v I.. Stlmmn. Kerretary «f War. In I'aiil V. Mi-Xntl. Ailnilnlatmtur. Federal S.- 
mrlty Airem-y. ti Feb. V.*4'J. ami rr|»l> therein. 1'J Ken. ItM'J. 

" K.itra Military Zum- I'lrriilur Leiter So 7. Snrgrnii Ceiieriil. V S. l'uhlli- Health Kerrie». Fed- 
eral  Security  Aiti'ticy.  In  lltalrlct  IHreMiirK.  I'.S.  1'iinlli-  Health  t.ljilx.n Olfli-er*, »nd  State Health 
(MtU-eni concerned. In Feb. HM2, »ubject. The Policy and <;• nil Procedure in Covern Ihr <>i-r.i|..i. 
n." Ihr Malaria Mnmiultii CVnln.1 I-rocraav 
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Thus, two related but separately administered programs of insect emit ml 
were curried on in the United States toprotect the lienllli of military personnel 
nml war industry employee?, in World War II. The lirst program was di- 
rected, executed, mid financed by tbe Army on Army property. It was aimed 
at reducing the number of nil |iestiferous insects—whether or not they trans- 
mitted malaria or any other disease—as the Army has always recognized the 
important iiile of all insect pests in decreasing tlie morale, comfort, and ef- 
ficiency of iroo]is.-" It is not |>ossi!>le therefore to identify from existing 
records the volume of work done nor money s|ient by the Army for malaria 
mosquito control alone. 

The second program was directed and coordinated by the U.S. Public 
Health Service and executed by *liis organization with the collalmralioii of 
State ami local health de|Nirtments. It was sup|M>rteil by funds appropriated 
for "Emergency Health and Sanitation Activities" ™ and was designed solely 
to prevent malaria, transmission on civilian property use<l by military |>ersoniiel 
and civilian war industry workers. 

MALARIA CONTROL ACTIVITIES WITHIN MILITARY AREAS 

The story of intraiiiilitary malaria control activities within the Zone of 
Interior is related in other chapters of this history.1* It is tlw purpose of this 
sect ion to supplement that informal ion wliere possible, to indicate the magni- 
twle of the total accomplishments, and to estimate the probable impact of 
these events on the prevalence, control, and prevention of paludism in this 
country during peacetime ami in future wars. In this connection, it is impor- 
tant to recall that it was during 'World War II that advances were made in 
antivector malaria control technology which were probably of greater con- 
sequence than any other preventive information developed since Ross solved 
the mystery of malaria transmission just before the turn of tlie century. Tlieae 
improvements changed the emphasis in type of antimalaria activity within and 
beyond military reservations from 1JH0 to W46, and this, "> turn, resulted in a 
shift in the itrofrwional direction of antianopheline and other insect control 
operations «m military establishments during and after World War IT. The 
new procedure«, lint practiced by the Army, led to an enlargement of the 

» Armj ami»tu» Xn. H MS. SI IM. IH*. 
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civilian objectives of ntularin control from incomplete reduction of morbidity 
in limited areas to total eradication of the diseune from largo ones. 

Hardenberg)!:" re[H>rtcd that the organizational iYs|M>nsibi)ity in the Army 
for tlw control of insects, including anopheline n.osquito.*, was not clearly 
defined in U»+o and that it underwent siilwtantinl evolution during the early 
year« of defend preparation and neiual engagement, in World War II. To 
recapitulate briefly, the probability of malaria incapacitating training troops 
in southern camps was recognistcd in 1!>40 within the Preventive Medicine Sub 
division, Professional Service !'i vision, (Mice of The Surgeon (Jcneral, C.S. 
Army. Immediate responsibility for planning, organizing. stnfting, and linanc- 
iug malaria IIH«H|IIII» control was assumed by the Sanitary Engineering I>ivi> 
siou of that Service as it, was evident that the Quartermaster Corps, tradition, 
ally liable for such activities, would lie unprepared to cope with an anopltelin* 
reduction program of mich unprecedented magnitude by tlie time operation» 
should lie commenced in li>41 in order to protect troo|>s quartered that summer 
in southern camp*. Thus, for the ladaitce of fiscal year 1JW1, the malaria 
mosquito contiol operations in the continental lulled States were finance«! by 
tli« Medical Department and executed under tlie immediate direction of the 
Medical Department personnel (mapK). ()n 1 July Um, tlie nominal work 
rcs|>oiisil)i] it v was resumed, and the program was financed by tlie Quartermaster 
Corps, though tlie activities were actually directed for the rest of tlie mosquito 
season by the Medical Department. 

On 1 Decemlier 1041, responsibility for tlie entire Army construction, main- 
tenance, and rvpiir—including insect and rodent control—was transferred by 
law" from tlie Quurtenm>st*r Corps to (lie Corps of Engineers. Tlie conti- 
nental mosquito control program was taken over by tlie Corps of Engineers 
on 16 December 1041 and was operated by them thereafter in accordance with 
their provisions51 and the recommendations of tlie Medical Department, and 
under such Medical Department technical guidance as was necessary.** Until 
1 July IMS, theae activitiea which included budgeting fluids, authorising peat 
engineers to employ supervisor», foremen, and laborers for tlie execution of 
control measure«, and supplying specialised equipment and materials for use 
by tli» Corps of Engineers wen nominally supervised and coordinated in tin 
Repairs anil Utilities Division of tiie OaVe of tlie Chief of Engineers.*1 The 
Sanitary Engineering Division of the Preventive Medicine Service, Surgeon 
General's CNRee, continued, however, to provide much professional guidance 
and direction Service Command engineers consolidated estimates of mos- 
quito control costs submitted from camps and posts and exercised general 

»•Wf<>a«M«*M (II. p. t«. 
- *s*ttt L«W «at, TTI» CMS» Ut OTM. 
■Anajr ■/•«■fc.tloa. *V >•»»•, S Jw 1*4«. .mi IIMMH Mwm«. 
■ ill F«a faataata Ä, w- n.    (9) Afar InrateMwM S.. *» 21»,   13 **y*   1*43, aa* Huaan 

■HMWUMB, CaL ■ »Iit J. Cararatrr. MC. Cumin new**, naw at tw tn*Mi Onml. 
r.S. Armj. foe Cat* af Karl"««. ASr. IS Mar. 1*4«. mkjttt: Im» Material far Malaria Caatnt 
Hhtwr. am* irnta- thettta, .tarn IM«, «abject: Malaria CMMW) Hhtarr—WarH War II—Ckraa mt 



EXFEHWNCE IN l'NITED F1TATE8 

3 



<"o.\!.Mi\\ic.\isu\ I>ISI:ASKS 

\f% 

V.*. Army |ifciil—rn|* 

Fmraa ].">.-Area «* Arm»- Iwlallaltw «A> hetorr umd <H) aflnrMun|«lt»cwrtrui tiraiMW«. 

coordinatiou of the work. Thin included drainage, filling, ditch lining and 
stabilisation, clearing, cleaning, and larvkiding with oil, pari:« green, and other 
chemicala (fig. IS). Post engineer» directed lliet» operation» and made e*ti- 
matea of fnture costs with »he awixtaiKe of Sanitary Corps engineer» and 
entomnlugifttg assigned to moet of the military installation* in tlie MHIIII. 
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With sill the insect control sanitation accomplished «lining tin1 early veal's 
of the win- effort, it niigln l*> assumed that the i-oiitiin-nliil malaria hazard on 
military areas would have diminished to it negligible level. However, tlie 
rotation home of troops from mnlurioiiK nivas owi-seas ami the iiii|M>rtiition of 
prisoner* of war and labor Initiations from endemic areas ahroail resulted in 
the frequent, almost continuous, introduction on or near Army installations in 
the Zone of Interior of clinically ohviotis cases of malaria and iindouhtedly 
many more asymptomatic caiTiers i»f malaria parasite*- Jt was proved experi- 
mentally by U.S. l'nblir Health Service scientists that the native anopheline 
vectors in this country were, infectihle with and could transmit extracontinental 
strains of malaria organisms.'" Thus, it was necessary until the end of the 
war to maintain constant, vigilance to discover previously unknown sources 
of anophclism and to evaluate repeatedly the results of iiiitimosquito efforts 
(map 7). This required ecologir knowledge of these insects, lieyond that pos- 
sessed by most engineers, ..ml a toon- thorough and extended familiarity with 
the terrain of camps than could he developed by Sanitary Corps entomologists 
if detailed to these caiii|vs for brief ]x>riods. 

By July 1,1943, the program had become so large and technically exacting 
that an Insert and Rodent Control Section was organized in the Retire and 
Utilities Division, Office of the Chief of Engineers, and placed under the direc- 
tion of au experienced entomologist. Lt, (later Lt. Col.) W. Doyle Reed, 
SnC, was detailed to duty with the Corps of Engineers to fill this position, 
and Cnpt. (later Maj.) George 1). Jones, SnC, was assigned as his assistant. 
The establishment of Insect, and Rodent Control Sections in the offices of Sen- 
ice Command engineers was also authorised together with the ap|tointmeut of 
technically trained professional entomologists. This had the advantage of 
providing competence not only against vector and pestiferous insects but also 
against property-destroying species of arthropods with which the engineers 
wem now ,-bliged to deal. The duties of the Service Command entomologists, 
as far as mosquito control was concerned, were to promote and coordinate 
these activities at. post level," to aw ist post engineers in planning and executing 
thee* operat ions, to prepare field instructions concerning them, to review insect 
control budget estimates made by |iost engineers for installation commanders, 
and to maintain liaison between the Corps of Engineers and the Medical 
Department, the Quartermaster Corps, and the US. Public Health Service 
with reference to mosquito control plans and activities. Post engineers were 
authorized to hire civilian labor who executed all mosquito control activities 
on posts, except, where Medical Department units were stationed for mosquito 
control training purposes. This was all done in compliance with Medical 
Department recommendations and requirements. 

" Ywi»«. II. H, KjrlM. I> K., mmt Bargn«. R. W.: Staate« «a la-t»r'o-l TaaUrUa: Kralaatlm •* 
*rwli-a Jf.Uri.. latraa-Mva late the raltaa «MM by Brian-la« Trat**. J. Hut Malaria Bai. T: 
ITI-UJ5. SeBtcaawr IMS. 

* Aaoaarttae eaairol wa.« B»T» r ■raaraird tnrn nIMv mat ml wltkla aillUarii r»taMlaaHM-iit». 
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flaruc m—Kn>|xM<-k tjriir tftnyrr ilprrtnpH bjr the Carpi  of K—tmm fur apetyin« 
latwrtkMn« far uoaaaJto caatroL 

I>i>vrloi>iiw>iiriil work wn« conducted in cooperation with the Engineer 
Bonnl, Fort Belvoir, Ya., for the improvement of equipment used in the dis- 
pers»! of insecticide?. A now "> jrsHon kna|*<ack sprayer WIIS developed to 
replace the old ">-<P«II«NI ty|M> ((ig. Hi). Improvements were also made in 
mech*tiica1 hijrh-pressure sprayers (Kg. 17) and in the rotary, hand-operated 
dusters supplied by t lie Oorjts of Knpineers for mosquito control. 
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FMUMS 17.—IVwtuble power »prayer, gasoline eutfine driven, «kid mounted, for ap|>llcatioQ 
of inwcck-Mea for moMintto control. 

Table 6 summarises the iiitramilitary mosquito control work accomplish- 
ment» 4ii«l costs f»r tlie ."> Kwal years for which data are available. During 
this period, approximately 70 percent of the funds budgeted for insect and 
rodent control were spent for mosquito reduction. These expenditures, amount- 
ing to $l}r5S4^ä51 Y.-ere made, at .nilitan posts, camps, and stations, totaling 
in area some 12,738,138 acres. Of these, approximately 1,164,850 acres were 
improved »ml maintained grounds where about 55 percent of the total outlay 
was made for permanent mosquito control measures. The remaining area 
(11,403^88 acres), couaL«ting largely of rough terrain, received temporary 
treatment, auch a* larviciding and residual spraying. 

In addition to setting forth the substantial dimensions of the total enter» 
prise, table 0 shows that the antimosquito efforts changed materially in char- 
acter and emphasis from 1 July 1943, with a decided shift away from heavy 
physical and costly operations aimed at destroying mosquito breeding anas 
by dewatering them. Much of the decrease in drainage, filling, and related 
activities was undoubtedly due to the fart that less remained to be done after 
1 July 1943 liectttine of previous accomplishments. It is believed, however, that 
this sharp reduction also reflects more careful and conservative technical dis- 
crimination, bused U|K>II entomologic considerations, in selecting for ditching 
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T.\BLK 0.     SuiUMHty of coiUintntnl  Hiwyttitti control  >*/)* rot',<m .■  tm   Hiilitilrtf  profit rf i.   fi.ir'lt 
ijrar.1 t'.i.'it-'t'i 

NV« ditching   I <'lr.:ri)i|r ChawMor \Vnr»-r 
Ynir         ,   nr vhiLiiik'Untc   ' lint-hlii* i   «.itt-tu-Kaiiiiir               Kill hiifli liul.ip <«u.rl:t:T 

I'liiliiiiuli-i! 

I.imttrfttt .liVf* t.htf'irfrtl fV#mni* I.iHtitrJttt .Urm 
l'JII          .          1,008, 530 1.77S 1,24 ">           130, 087 10,554  
1042 ..      3,414,144] »Mi, 5!>8 12, 2!i7, 040 1. <II2, li-lfl i 411), J«26 15, 34U 
1043 ...              3,353. 451 ' 07,57!» 14,525,022 3,018, !»73 58«, 7.Mi 17,532 
1044 «84, 108 20, 172 8, 87(1, «»52           Bill, 84* 2H'.>, 050 )i, 575 
11145            .            188,101 17,37!» 4.048,072           «06,05!»* 11U.082 4.383 

Total       8, »48,307       203,501     40,351,031       fi. 420.510:     1,400,308       43,830 

Yi-.ir                    I lli^-loll I'iirL" rm-ii OthiT larvbitlnt     5 pt'ni'nt DllT  | Kxprlultlurv* 
i       larvU-Mc IttTvk-lit*                                              In oil 

OtiUttt /J»WH«'<                  QmUom»                  Gmtfant 
1041..       .                           100,553 1,1120;             4,840 I-   . ...     . '$1,058,000 
1942.. ...                 -! 1,704, «45 45,004 ;        241,161;          ... 3,000,000 
1943-                       ..' ', 501,002 33,3*1           120,103 1      3,501,205 
1044. 1.23», 430 ! 2.403            30.441            45,102; 2,150,717 
1945  . 1,150,073 1.771 |          23,841             80,155 1,775,003 

T..I »l  5. 782, 703 85. 382 435, 485 125,257 |    11, 584. 525 

' Tho "espeiHlllurvir far HM if quiit«! from 'l»rn<nl«tth (MwHcul nepertn* t. United Stale* Army. I'raveMlve 
MedK-incin WnrWWarll. Vuhinio II. P n vironnwnttl llyftene. Waahlntton: U.R. Oavernment rrtnttac OoV«, NU, 
u. IHK). It I» t<n)!»l>t» tint ulxmi W twra-nt <A thitIHiire rrpnmnted lundi ebnfalad in (tocml year 1W1 ige malarial* and 
Mtwcba» dravcml «tier »I Jim IMI. 

Semva: ll> April. May, ami June Mwiuilo Rriiort* «or 4th uxl nth Carpi AnM Inr Hani yea* IMI. Other Corp* 
Art« report« wen not araiMitr. Ixri it b hcttmed that th»> «rouM not hav« IntTeemd the lotah «hoarn by mar«, than » 
percent. (J) Monthly Mo*i|aito Conlivl AetlviteM Reporte far Rend yean HMMt. eilrarted «ml reaaahdated by U. 
Cei. W. Dnyla Heed. Auf. Im Mcntaraadiit*' C<4. Rohan J. Carpenter, MC, Kieratlre oaVer, OeVeet Theftanjeon 
Utaeret, U.S. Anny, dir Chief U KnchKere. ASF. 13 V»r. IM», »uiijrrt: Kwnrr Material far Malaria Central Hlatary. 
aud reply liieret«, April IM*. auutn-t.  Malaria CuMrol t IMory   »artl War H-Catpe af Enfinecr». 

or filling only tin*» watered areas which were actually producing mosquitoes 
and the elimination of projects which could not properly be financed by mos- 
quito control funds. A Surgeon General's Ofice directive to this effect had 
been issued in IMS. 

Another factor of importance in the shift of emphasis from fiscal year 
IMS to fiscal year 1044 wrw tin? advent of DDT. The effectiveness of this new 
and potent weapon against mosquitoes and numerous other vector and pest if - 
erons arthropod* was verified in ihe Orlando Laboratory of the UÄ Depart- 
ment of Agriculture. This remarkable compound became available in quantity 
for military use in the spring of 1044 and was effective either as a larvicide 
or its a residual insecticide. It could be dispersed by manually operated spray- 
ers, mechanised spraying, or fogging equipment, or from airplanes (fig. 18). 
However DDT was applied, its distribution to secure maximum effectiveness 
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FiciKK V±.—Stenniuin biplane aiipiyiii« l)l»T to control amilihelines orer Htnttgart, Ark., 
Army Air Baxe. 

without damaging consequences to wildlife required a fairly comprehensive 
biological understnr.ding, thus just*tying further tlie entomologic direction of 
tli« iiuavt control activities within tlie continental United Slates. Within a 
brief jx'fiofl, resi<lual l>l>T (tig. 19) decreased tlie necessity fur and took tlie 
place of uiiiny other mosquito control measures. The demonstration of its un- 
precedented ant ianoplieline effectiveness upon miliary premises during the last 
2 years of the war led to its employment in 1045 in the Kxtended Malaria 
Control Program which was later phased into tlie National Malaria Eradica- 
tion Program carried on cooperatively by tlie U.S. Public Health Service and 
ravions State health departments."* 

Table 6 also indicates that diesel oil remained the preferred larvicide, pre- 
sumably bemuse of its destructive effect against both culicine and anopheline 
larvae and pupae, as well as its easy visibility on water which facilitates cheek- 
ing its recent application. Its use decreased slightly from year to year but not 
i» pro|iortion to tlie amount of water surface eliminated.   Thus, it is evident 

■lilmn,  J.  M.: NotkMi Wtd» Malaria Knullcatlsa  I'mWt»  la   ihr  Aatrricaa. 
«tioa Fragrant la the I' I A     J. Nat. Malaria Sue. 10: Mr-lZl, Jmmr lasi. 

I. TV Era«. 
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FHCK ».—HaBd-ffnTtef rraldna) DOT fal Amy fcanraek*. 

that a considerable extent of breeding area remained which «mid not be drained 
or filled practicably. Paris green and other larvicides (except diesel oil and 
DDT) weie virtually discarded after the entomologists were placed in chnige 
of insect control activities. 

That tliese activities, supplemented by the 1J.S. Public Health Service 
Malaria Control in War Areas program, were successful from the standpoint 
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of prvveiniiig ninlnria is shown i» tin» following tulmintio.i liy (1) the low 
levels of admission rules i;ir niiilnriii iiiiionj: militiiry ixTsinnel quartered 
in the Fluted Stute*-, inn) la) comparison with similar admission rates .lurin« 
World Mar I: 

Tear: K«h< 
1017      ...         '".r, 
1018 -      *•■».!■ 
101» _      ":».:« 
11141.           M.T 
1042           4.a 
1943            *.2 
1044         *.2 
1045   -        M 

»The ratex aliowo in tin- lalHil.ilion are not llmltiil to borpltal ainra null. The* IHIIY include 
iitww treated In (jiitirtcr» on un exctiNeti-from-duly huAn and perhaps »onie CIIWN ireali-d oo an out* 
imtii-nt ba»lM. 

• RaiM arc for <-nll«t«-<> men only. 
"Fur 191T 1», ihe rat«« are for while rnllated men «talkmed In runiloental 1'nlted State* (In- 

cUullnjr Alm-Itat ttnU »-en-» the nnmfcer of ww rave» of matnrta repot*«-«! a» the prlautr* can«» of »d- 
MlNMlun per I.IHH» iiv«*ri*ire »trena-th. The raten for all Armr iwnwtBnel In continental t'nltetl State« 
«ere :<.» fsaav- a» tl," mir for white «-iill»ted BM-K» In 1»1* and 3.S ta I»!» per 1,000 average 
eir-oglh. For 1H17, a nlul'nr rate I» not available: however, for all rnll»ted Ma, the rate wax 7.5 
(aaaae a» the rati- f.r    alte enllnd ,1 »,-n). 

' For 1M1-4S, the rat1-« are for all Arm» penwaurl In coatinental Culled Statea ami »now the 
auiarla »tiara ral-a truiwlata of new <>dB»»ton>. readailaaloa«. and cam-» tenurtlai: aularla aa •**■ 
»atlarr to other ndi lesion •lla(a<>M->) per 1,000 »reran» «treafta. 

Soon«: Tli<- rate* for 1IH7-IO 'Ten.' derlred from the amaal resort» of The Sirfena fleaeral. 
The rate« for 1B41 wen driivi-il from dip periodic »iinniaiira of the Mtatlotlral Health Uruort» 
tarort'lonal), 1M1-C. 

MALARIA CONTROL ACTIVITIES AROUND MILITARY AREAS" 

Because malaria was the greatest menace to military training in the south- 
eastern section of the country, the Surgeon General of the ILS. Public Health 
Service assigned his chief malariologist, Medical Director Col. Louis Ta, Wil- 
liams, Jr., to the liaison detail with the Fourth Corps Area Headquarter», 
Atlanta, Oa., on 13 November 1940. Dr. Williams served in this capacity for 
over a year ascisting State health departments, Corps Area personnel, and The 
Surgeon General's Öftre, TTJS. Army,** in planning and executing malaria eon- 
tn>lpr»jeeteonand«warfnilitary bases. He WM relieved i» February 1M5S and 
ordered "to remain in Atlanta, Georgia, to establish headquarter«, in connec- 
tion with malaria control." After serious deliberation as to whether this 
mission might best be fulfilled through existing VS. Public Health Service 
District Offees or by a special, nationwide organizat ion, the decinon was made 

*> Kan-pt oa iXberwhw Indicated, all «Vita la the rtaaatala» portlea at the chatter or* dctlred 
fraaa the Mlawla« three MMUVTSJ: ill Malaria Caotral In War Area», INI H. /a «aauaa rr W At- 
tlrmn. IMS-»«. Ofae» of M. i»rW Cuntral la War Area». Atlaata. C«. PaMIc Health Serrrre. (3) 
Field Ballellaa. Malaria Central la War Area». Oetaawr 10H Seneat.tr IM*. (I) Orcaataatloa «e- 
port la Men sf aloathlr Kraort. Malaria Contra! la War Araaa, March-Jane IMS. pa. 1-2. 

«Report. 14. Cot. W. A. llardenhrr(h. HnC. to Chief. PnraaHre Medicine Sahaarbitna Prate*. 
«toaal Herrltw Dtrl-iea. Ofllre of The tittraena General, •adatrd. «»elect: Bepart af Trip with Dr. L. 
h. WUHanta ta State and Local Health Departareata lad Camp» la rearth tad Earhth Corp. Area». 
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for the lnttt>r, und I)r. Williams proceeded with the ilifti<'iilt tusk of assembling 
and organizing a malaria control staff. 

The proposed plain, policies and procedure» of this organization were 
announced in two of tlie Extra Military Zone Circular Letters, a special aeries 
of communications issued by The Surgeon General for the guidance and co- 
ordination of ILS. Public Health Service Liaison Officers »ml District Direc- 
tors, State health officers, the Work Projects Administration, and other con- 
cerned in the reduction of e.xl«military liealih hazards. Tlie first, of the letters 
pertaining to the Atlanta malaria control headquarters was relased on 10 
February 1942.41 This refers to the organization as the "National Defense 
Malaria Control Activities," thougli current letterliea<ls show that "Malaria 
Control in Defense Areas" was tlie name actually in use. On 20 April 1!U2, this 
name was changed officially "in conformity with tlie trends of the times" 
to "Malaria Control in War Areas,"" and the Circular Letter of 27 April 
1W2," which superseded its predecessor, confirms the designation by which tlie 
organization was sulweqiiently known. 

This document stated that extramilitary mnlaria control activities would 
be confined to malarious areas; that pest mosquito control would not be under- 
taken as stipulated by the Bureau of tlie Budget: and that appropriated funds 
would be available to employ labor directly, to purchase equipment and sup- 
plies, to provide technical supervision of drainage |«rojects operated by the 
Work Projects Administration, ami to construct essential drainage facilities 
where the resources of the Work Projects Administration were insufficient. 
Operations were to be restricted to areas (1) contiguous to military establish- 
ments or essential war industries, (9) where large numbers of military person- 
nel congregated, and (3) within or near housing developments for war workers. 
It specified the States, Territories, and Possessions in which these activities 
would be authorised. It indicated that the Office of Malaria Control in War 
Anas would function as an individual unit separate from the other Emergency 
Health and Sanitation Activities of the VS. Public Health Service and thut its 
authority would be exercised and its responsibility discharged in collaboration 
with the ÜÄ Public Health Service District Offices. Every effort was to ha 
made to seeure and utilise funds and other resources through State and meal 
ajoufim, Lastly, it drlaed the respective roles, relative to malaria control, of 
ha IfcoBPjuartiH Office, the District Offices, and the cooperating State haakh 
dapartaasuta,  The isaportant principles «mhnrtied in these definitions were; 

L State health Jepartnunts would perform the outlawry surreys, plan, 
andasmratotlMHMlaria control projei^ supervising UJS.PuUk Health Service 
personnel assigned to them for those put posts. 

■I af OfaraNaaa, Malaria Caatnl la War Araaa, C.S. PaMaj I 
Ckaaa» at *•■>• la Malaria Caatfal hi War .arraa. 

«Ultra MUMart Baa* draalar Latter Xa. ft, SrnwaMi Oraaral. VM. PakUr Hralra Srrrtaa. F*a 

OSm    iiainai«. 9T Apr. ISIS. iaa] n: Brrlrw af Falter aad Orarral OraaaJaittaa af 
Catiil h> War Araaa. 
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CBABT 4.—Malaria COHI,OI in War Arras, Hurt of imliioiiln n>t4 ixhrriUiliumi 
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2. The Offfce of Malaria Control in War Arras would formulate policies 
governing the operation of the program; execute administrat ire control of and 
assume responsibility for fiscal personnel, and supply considerations; and exer- 
cise general technical supervision and coordination of projects and project 

S. District Omees would accept responsibility for Federal-States relations, 
assist in program planning and policy formulation, and collaborate in 
exercising general supervision over project operations. 

Chart 4 shows that the Malaria Control in War Areas derived its authority 
from the Surgeon General, 1LS. Public Health Service, through the Division 
of Steles Bemtions which in November 1*43 became a division in the newry 
created Bureau of State Services. The military urgency of its mission and the 
brand geographic scope of Ha operations made this ormuixution unique in the 
history of thelLS. Public Health Service. It was wisely wuugnimd by oaVtala 
at both Bureau and Division levels that to succeed in its objectives, the program 
must be allowed an unprecedented degree of autonomy and freedom. They 
encouraged rapid expansion and assisted in relaxing the usual strictures of 
government procedure in personnel and procurement actions.   By the end of 
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CIIABT 5.—Uvmlquurien ortmnixatlon of the Ogee of Malaria Voitrul iu War Aremi 
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June 1942, I>r. Williams had obligated approximately $1,400,000 and had put 
2,800 men to work in 93 arms within 15 States, the District of Columbia, and 
Puerto Rico. 

Collaborative relations with other Bureaus and elements of the UÄ Public 
Health Service are aim indicated in chart 4. On this basis, Malaria Control in 
War Areas entomologists were detailed to international airports where they 
assisted TJJ5. Public Health Service Foreign Quarantine authorities in exclud- 
ing intwet vectors of malaria and other diseases. Investigations were carried 
on with the National Institute of Health to determine whether or not native 
aoophelines could transmit foreign strains of malaria parasites imported with 
infected military personnel. The Oftce of Malaria Control in War Areas de- 
pended largely on the U.S. Public Health Service Liaison OaVers for coordi- 
nating its efforts with those of military health authorities, and upon the 
District CMfees for initiating its program relations with States, for handling 
special problem situations, and for operating the activities in marginal States 
where the work volume did not justify a special Malaria Control in War Areas 
unit at State level. 

The organizational plan of the OBce of Malaria Control in War Areas 
varied somewhat from time to time, but chart 5 is representative of its structure. 
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Wit It (lie exception <>f lilt* Attfi * '".'////''' I >i vision (dis'itssed l:in»r under "He- 
llt nl Artivities"), it was laid out primarily on » professional category Imsis, 
though its activities weiv iitviirialily characterized l>y n high degree of teiun 
work in planning and exeeut ion. The staff \\\\* coui|)iiscd for the most part of 
commissioned |>ersoimel from other elements of the l'.S. Public Ilenlth Service, 
or recruited from other Feilernl or State agencies,ami from universities. From 
tlie lieginning, engineering .iiul entomologic com|ietenccs predominated, which 
was consistent with tin- nature of the o|>crnlioiial objectives. Medical und 
parasitologic skills were recruited primarily for mala riomi-t tic |tur|>oses in the 
held and in the laboratory, respectively. Training »ml health education so- 
cialists were acquired to carry on inserviee training »ml a program of lay liealth 
education concerning mnlnria and its prevention. A relatively unique lint 
indispensable adjunct of the organization was the K<|ui|Hiieut I Hit which was 
located in the Henry Carter Memorial Laboratory at Savannah, 0Ja., where 
its professional and technical |>ersomiel developed new ami improved equipment, 
materials, and procedures for use in malaria control. 

Before the war, several of (lie Suit hern States had developed Imsic organi- 
zations for malaria survey and control. These usually included a physician, nn 
entomologist, and an engineer, a team which could locale and confirm malaria 
cases, appraise the local transmission potential, ami initiate desirable control 
measures. This concept was accented and actively promote! by the Malaria 
Control in War Areas in developing its field organization. In certain States, 
supervisory personnel hid to lie provided lo replace or strengthen the staff of 
the State director of malaria control. The most frequent «ml pressing needs 
were for entomologists to train inspectors and to assist in organizing ami deck- 
ing fiel«I and laboratory activities, ami for engineers to plan and supervise 
operations. Administrative and clerical |iersonnel were also assigned where 
iwctMsary. All of these individuals were directly res|ionsiltle to the State di- 
rector of malaria control in the State to which they were detailed. In some 
instances, this individual was the State health officer; in others, the director of 
preventable diseases, the State sanitary engineer, or a full-time malariotogist 
without other duties. 

Recruiting and training on such short notice the large force of professional 
specialist*, technical, administ rat ire. and clerical assistants, and both skilled and 
unskilled labor needed to carry on the Malaria Control in War Araas activities 
would have been extremely diaVuk in normal times. In the face of mounting 
draft quotas and the high pay offered by war industries, it warned impossible. 
It is the more remarkable that this technical Operation which required some 
•VW0 employees before the end of 1942 and a maximum of 4,556 in August 1045 
was accomplished with relatively few requests for deferment. 

Aetna! operations were carried out almost entirely by the States, each State 
directing ita own program through existing administrative channels and on 
the basis of its own legal authorisation.   Assistance from Malaria Control in 
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War Areas, in addition lo I rained personnel, consisted of >|>e<iiilize<l equipment, 
materials under wartime priority, technical development and consultation, »<l- 
rice on administrative and fiscal matters, t mining iiml I milling aids, anil 
liilioratorv services. In tlie Statt* where iimlarin had lieen endemic in (In- past, 
there, were in 1!>4'2 some !XNI so-called war establishments to IM* protected: by 
Jmniary 104.5, the total ha<l risen to approximately :J,IHH>. These included 
military jiosts, camps, stations, bases, hospitals, depots. airfields, Navy yards, 
other military port areas, staging areas, prisoner-of-war i'ani|>s. maiieiiver areas, 
access highways, extrainilitary recreational centers, shipyards, airplane fac- 
tories, oitlnance works, other essential war industries, and housing; developments 
for wiir workers. These warestahlisliments were groui>ed. according to local ion 
and the niiture and extent of the problem, into some ii'iO war areas, and nn area 
sii|>ervisor, usually an engineer, was placed in charge of the malaria control 
act ivit ies tu l»e carrieil on «round each group of war establishments. He worked 
closely with the sanitation officers on adjacent military installations and with 
the local lienlth officers. Thus, the war area was the geographic unit of o|tern- 
tions (ma|is 8 and !>). 

Efforts were made by the medical epidemiologists to get current, reliable 
appraisals of malaria prevalence near these war establishments using conven- 
tional metliods of malar iometry, but none of these was satisfactory liecause of 
the short time available, the paucity of trained medical investigators, and the 
general low prevalence of the disease. I'ltimately, it was decided that the 
safest procedure was to base and evaluate malaria control activities on evidence 
of vectoral ano|iltel ism, on the thesis that t he presence of malaria transmitters is 
a potential hanrd even tliongh malaria cases or parasitism may not be demon- 
strable in the area. When t lie density of malaria-carrying species of mosquitoes 
was considered significantly high, a control aone, 1 mile in width (the usual 
flight range of native vectors), was established around the military installation. 
All breeding places were located ami spotted on the area map. Adult mosquito- 
catching stations were selected in representative lorationa so that the results of 
mosquito control operations could be assessed entomolofrically. 

The area supervisor then visited and studied the control aone around the 
war establishment, usually with the entomologist. He observed the type and 
extent of the anopheline Iweeding places and deckled what type of antilarval 
procedure—larviciding, minor drainage, or major drainage—would be most 
effective, feasible, and economical and whether or not it could be constructed 
or operated in conjunction with the intramilitary mosquito control activities. 
On the ban» of these observations, he made cost estimates, planned a work 
program for the entire war area or areas under his supervision, requisitioned 
the necessary vehicles, equipment, and supplies, hired ami trained inspectors, 
foremen, and laborers, and proceeded with the antimosqnito operations. The 
activities and accomplishments of his crews were reported to the State office. 
Malaria Control in War Areas, at prescrilied periods. Certain of the ento- 
momgic findings were sent directly to tlie Atlanta headquarters where current 
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information with which to answer official inquiries wns maintained altout the 
status of each project. 

In States where the tinophelinc hazard WHS not sufficiently extensive or 
continuous to warrant maintaining stale organizations for Malaria (Control 
in War Areas, nmlariu mosquito control service was rendered ns needed by 
mobile uniti-. These were devehqied to provide surveillance around isolated 
war establishments such as Army general hospitals or prisoner-of-war camps 
in States of marginal endemicily and to lake action if vector densities indicated 
the need for control. Each unit consisted of a passenger vehicle and a heavy 
truck containing the supplies, material, and equipment necessary to conduct 
surveys and ins|»ections and to execute larvicidal or minor drainage operations. 
An entomologist or engineer was in charge of each unit and was responsible 
to the Office of the U.S. Public Heal»': Service District in which tlie unit 
operated. The officer in charge hired his assistants and laborers locally. 
Arrangements for the assignment of units to areas within States were made 
between the District Office personnel and the health officers of the States in- 
volved. Kach unit operated under the jurisdiction of I lie health officer of the 
State to which it was temporarily assigned. In 1044, two mobile units were 
assigned to each of two U.S. Public Health Service Districts and one each to 
four other Districts. Others were held at the Atlanta headquarters for 
emergency use. 

The task of procuring supplies and equipment to implement these far- 
flung operations was a mammoth and continuing one. In arduousness, it wag 
surpassed only by the problem of finding competent and industrious personnel. 
Wartime priorities and the scarcity of certain items added to its complexity. 
The acquisition of automotive equipment was an early necessity which never 
ceased to be a critical one. The Appropriation Acts prohibited the purchase 
of new or used passenger carrying vehicles witlwut special authorisation, and 
during the war years such permission was virtually impossible to obtain. 
Thus, the most efficient utilisation of equipment on hand was imperative. 
Fortunately, at that time, there was no regulation against the interdepart- 
mental transfer of vehicle* on a reimbursable basis, and, at the start of the 
program« 7* cars and trucks were so obtained from the Army. Other vitally 
needed prewar equipment was transferred from the Work Projects Admin- 
istration and the National Youth Administration. More was acquired 
through the ingenuity and resourcefulness of those charged with this respon- 
sibility. By the end of the war, the inventory of the Malaria Control in War 
Areas carried a total of 1,046 separate kinds of items ranging from $12^000 
draglines to rattraps. According to its official property records, vehicular 
units included at that time 3 airplanes, about 220 passenger cars, and roughly 
ZflOO trucks. 

With such a highly dispersed operation carried on under duplicative 
authority and virtually autonomous state direction, the problem of coordina- 
tion and integration and the maintenance of high standards of work |ierform- 
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a lit* was a most complex mid clmlleiigiiig one. Ii was solved ton remarkably 
high degree by means of )iei-soiiiil visits of lu'iid<|iiiiilei's stalf to lii'kl operations 
sites, of annual conferences in Atlanta of District ami State o|M>i'ational per- 
sonnel who fathered lo discuss mid slmi* ilieir ex|*'iieiices. mid of several 
types of official coniuuinicut ions issued by t be Atlanta office. 

The first of these WHS a Manual of ()|ieiiitioiis which consisted of a loose- 
leiif series of mimeographed Manual Letters issued at irregular intervals, 
starting :>0 March 1!>4:J. The primary pnr|xise of these letters was to inter- 
pret Kxtra Military Zone Circular Letter Xo. 8." and to guide the o|teration 
and administration of the program. It was intended that the Manual would 
discuss items of a relatively permanent nature; information and instructions 
of a more temporary category were transmitted as Field Memoranda. A copy 
of tlie Manual was issued to each supervising employee for his guidance, and 
the letters in it were frequently revised. Thus, it served as a medium for 
maintaining current contact between the Atlanta office and the field, provid- 
ing the latter with statements of |>olicy, operating and administrative instruc- 
tions, directives, and information concerning procedural improvements based 
upon group experience, research, and other activities. As of 1 July HUtt, the 
Manual Letters were revised and reissued in separate numerical sequences for 
each of the following Sections: Introduction, Administration, Engineering, 
Entomology. Training, and Medical. 

On 27 August 1943, the first of CO numbered Field Memoranda made its 
appearance.*'' These were used to convey announcements, directives, program 
notes, ami instructions pertaining to administration or operations lmt were 
of a more transient significance than the contents of the Manual Letters. 

Activities data were consolidated in State lteadqtiarters and in Atlanta to 
form tabular summaries by States of (1) areas in operation. (2) war establish- 
ments protected, (3) accounts of larvicidal activities in terms of amounts of 
larvicides used and of areas treated, (4) minor and major drainage accom- 
plishments, (5) areas of water surface« eliminated. (6) man-hours required, 
and (7) personnel and payroll by category. To the statistical information 
were added brief but profusely illustrated narrative interpretation, comments 
about the various programs and organisational units, job and materials speci- 
fication«, news items, and technical features such as insect identification keys, 
held and laboratory teats, and special surrey reports. These were reproduced 
and distributed to all concerned starting in July IMS and continuing through 
March 1044. The first of these was entitled "Organisation Report in Lie« 
of Monthly Report of Malaria Control in War Areas." Succeeding issues 
were called "Monthly Reports, OfBce of Malaria Control in War Areas.'* Es- 
sentially the sane material was distributed for the remainder of the calendar 
year as the "Field Bulletin, In-Service Training and Information, Malaria 
Control in War Areas," and, beginning in January 1945, it was captioned the 

" Hrr footnote 4S, |l. 87. 
» FVW Urmnnmt», Malaria Calml la War Arm». 1W.V« 
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'•Malaria Control in War Areas Field Jtulli'lin." Through July, if was sent 
out each month, but by the eiul of IMS it lind become first a bimonthly and 
then a quarterly l-elea.se. Thin was continued to the end of the li.scal year IMG 
when the Office of Malaria Control in War Areas was terminated. At the 
close of each fiscal year from 1M2 through 1040. annual consolidations of these 
reports were developed with many illustrations, tables, analyses, conclusions, 
and special accounts of state and district malaria mosquito control activities. 
These volumes were also given wide distribution. 

All of this material was prepared skillfully with an awareness of its edu- 
cational and integrative possibilities. In an unobtrusive fashion, it kept the 
stuff and employees of Malaria Control in War Areas, at all organizational 
levels and in all States and districts, well informed regarding the dimensions 
of their total effort. Titus, it had much to do with catalyzing the development 
of the notable esprit de corps which prevailed throughout the organization. 
Lastly, it provided for future reference a detailed record of procedure and ac- 
complishment, even under the stringencies of wartime conditions, in steadily 
reducing an age-old menace to health and prosperity by exerting the combined 
efforts of military, Federal, State, and local health agencies. 

A summary of activities based on information from these sources is shown 
in table 7. This includes the costs, by fiscal years, of antimosquito activities 
from 1042 through mid-1046,1 year in addition to the period covered in the 
otherwise comparable analysis of similar operations on military establish- 
ments within the country (table 6). This is because it was considered neces- 
sary for the Malaria Control in War Areas to continue its wartime anti- 
anopheline program around military areas after V-J Day, since service 
personnel continued to return to separation centers for demobiliaation. 
Among them were many who, as in 1945, still suffered from recurrent attacks 
of malaria (chart 3). These individuals were treated in Army general hos- 
pitals, if their attacks occurred before separation; if they came afterward, 
they sought relief mainly in Veterans' Administration facilities, and also from 
private physicians or by self-medication. Consequently, it was believed 
prudent to keep the malaria vector density reduced around the Federal estab- 
lishments, in which malaria cases were concentrated, and in endemic or 
formerly endemic rural areas of the country where it was known that malaria 
relapses were occurring in veterans. 

Table 7 emphasiaes the fact that larvicidal measures were basic in the 
early yean of the extnunilitary War Anas program, as the desirability of 
permanent destruction of anopheline breeding places had to give way to the 
expediency of using more immediately beneficial measures. The first such 
project operated under the Malaria Control in War Areas was begun on 17 
March 1W2 in Florida. 

Oil was the most common larvicide used except in such places as Puerto 
Bico where the cost of transportation made it prohibitive. While not as 
economical ns pari* green which kills only the larval stages of Anopheles, oil 
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was preferred by personnel ojici-atiiig local programs because its application 
served tlie dual purpose of destroying all the aquatic slaves of pest mosquitoes 
as well a« anophelihes. This made the program moiv popular with the residents 
of the area ami usually secured their roo|ienitioii. In some zones, it was used 
exclusively ami accounted for (lie bulk of the financial and labor expenditures. 
During early VM-J and the fiscal year of 1043, more than 2.1 millions of gallons 
were applied on nearly 1 1."I,INNI acres of breeding area using :),.'>77 hand sprayers, 
13 power sprayers, und 1!» oil-water units. In this and other field activities. 
power equipment was advocated wlipivver feasible both to expand conti'ol 
operations without increasing manpower requirements and ln-cause it generally 
cost less. Tlius, in 1944, power equipment was increase«! to include ."»0 high- 
pressure sprayers mounted in trucks or boats. This ]«ower application was 
particularly effective in areas of dense vegetation or heavy flotage. About 
80,705 acre treatments of oil were made at an average cost per acre treatment 
of $9.55 by baud and $2.20 by power method. The rate of application in i!)44 
varied with different types of breeding places from 12 to 50 gallons per acre, 
averaging 18.!). 

As the result of exix-rienee and skills acquired during the earlier years, oil 
Ian itidiug was done in the fiscal year of 11145 in 174 war areas in 27 States at an 
average cost of ij>5.!Xf per acre treatment for the spraying of some 81.940 acres. 
Tlie following year saw flie general use of "DI)T oil-mist," a procedure for 
using PDT as a mosquito larvicide. This was developed at the Henry Carter 
Memorial Laboratory in Savannah and was field teste«! in 1015. It consisted 
of spraying 5 percent DDT in No. 2 fuel oil through an atomizing nozzle, such 
as is used in fuel oil burners at a pressure of 30 to 50 pounds per square inch. 
A spreading agent was added to assist coverage. Three gallons of this mixture 
could be spread on 3 acres of ponded area in 3 hours at a cost of approximately 
one-eighth that of applying oil by hand, or one-half tlie cost of hand dusting 
with pans green. 

In spite of the general preference for oil, paris green maintained its 
special usefulness as a larvicide throughout the war. It was cheaper than oil 
and was especially useful in treating watered areas overgrown with aquatic 
plants, as the dust mixture did not cling to the overgrowth as did oil. Further- 
more, paris green mixtures had a much wider potential radios of application 
than did oil sprays under identical meteorology- conditions so that less ac- 
cessibility to lireeding places was required. In relatively small areas which 
could be approached by men on foot, the usual method of spreading paris green 
was by moans of rotary hand dusters. Under favorable atmospheric circum- 
stances, the mixture would be airborne for distances up to 150 feet. In larger 
areas, power dusting from trucks and boats was more practical and economical. 

Early in August 1042, because of prolific A. guadrimaentattu breeding 
within flight range of important military establishments near Washington, 
D.C., it became necessary to larvicide approximately 3/iO0 waterchestnut in- 
fested acres along tlie Potomac River and its tributaries.   Tlie growth was an 
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Frown: 20. -Airplane application of karviclde orer a watercbmtnut infested are« of the 
Potomac Hirer. 

tlenso as to preclude dusting from boats, and it was decided to try airplane 
application for this project (fig. 20). This was shown to be both effective and 
economical. Thus, the use of airplane dispersal for larviciding was introduced 
into the Malaria Control in War Areas program. Preparations were made 
immediately to use it wore extensively during the 1043 season, and, by June 
1943, four airplane dusting projects were in operation at New Orleans, La, 
Newport ami Walnut Ridge, Ark!, and Greenville, Miss. 

Daring tlw second year of Malaria Control in War Areas operations 
(1943-44), airplaites were used on contract on nine projects in the States of 
Virginia, Misei>*ippi, Arkansas, Louisiana, Tennessee, and in Puerto Rico, 
About 350,1)00 JKUIKIS of 25 percent paris green mixture were applied in 84,780 
acre applications. The effectiveness of airplane dusting varied widely, being 
lowest in irregular, wooded swamps and at its best on areas covered with low 
aquatic vesmrntion as in the Potomac River waterchestnut project. During the 
fiscal y« .»r of 1044.187,709 acre treatments of paris green were made, 45 percent 
by hand, Hi percent by power duster, and 34 percent by airplane.   Respective 



1()0 rOMMVNK'AMLE 1HSKASES 

costs per application veie $2.98, $0.85, and $1.06 per acre. Dust mixtures varied 
from 4 to 10 percent by weight for hand and power «lusting ami from 15 to 25 
percent for airplane application. Rates of application wire from one-half 
|oun<l of paris green per acre in relatively clear ureas, to ä |mun<ls per acre in 
densely vegetated area» cr in highflying airplane operations over swamps. The 
average application rate was 1.3 pounds per acre. 

There was n substantial decrease in hand larviciiling—oil and paris green— 
in the 1944-45 reason. Experience during the two previous years had resulted 
in a greater selectivity of methods to save time and materials. In addition, 
the need for labor conservation Iwcaiiu- more acute in most areas as the war 
progressed. Of the 214.666 acres treated with paris green and oil during the 
fiscal year ending 30 June 1945, approximately one-ihird of the applications 
w.re ma<le with power equipment, including airplanes. 

Until the days of D1YI a;id the other residual insecticides, drainage was 
generally considered the most satisfactory means of achieving permanent ma- 
laria control. However, in an emergency program such as the Malaria Control 
in War Areas, geared to wartime speed and urgency ami carried on for the 
most part around temporary war establishments, drainage had to be secondary 
to the more rapid methods of mi laria control. The general rides of the Malaria 
Control in War Areas with respect to drainage priority were (1) to consider 
minor drainage operations normal adjuncts of the larviciding activities and (2) 
to undertake major drainage construction where effective control by larviciding 
could not be achieved without drainage or where the cost of effective larviciding 
was greater than that of drainage. 

From IT March to 30 June 1942, the Malaria Control in War Areas at- 
tempted very little major drainage construction as this was being carried on 
by the Work Projects Administration within the framework of its Malaria 
Control Drainage Program. A letter from the President to the Federal Works 
Administrator, dated 4 December 1942, authorized the liquidation of the Work 
Project« Administration.** Certain of the projects survived through April 
IMS, and some Work Projects Administration labor was still available to the 
end of fiscal year 194T The few drainage projects not on military property 
began by that organisation and still incomplete at its demise wer» taken over 
by the Malaria Control in War Areas if these could be approved within existing 

In the fiscal year of 1943, 68 major drainage projects wen operated in IS 
States and Puerto Bko; 966£81 feet (183 miles) of new ditches wan con- 
structed, 75.9 percent by band, 19.3 percent with dynamite, and 4.6 percent with 
machines. A total of 1,257,104 man-hours of labor were expended on the various 
aspects of drainage works. During the winter of 1943-44, a maximum of 63 
major drainage projects were in operation in 46 areas of 13 States and Puerto 
Rico. Since a majority of the malaria mosquitoes in the continental United 
States do not fly more than one mile, drainage was usually concentrated within 
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• 1-mile radius of war areas. Where excessive breeding «li<l not occur between 
the y%- ami 1-mile radius, control of this urea liy larviciding was generally 
sufficient. In n few instances, it w«n necessary to install drainage works past 
the 1-mile radius in order '■ "Irtnin sat is fact on- outlets. 

Altliough nearly all the drainage work originally proposed for the older 
military establishments had l>eeii completed by tlie middle of the liscal year 
1D44, iiMiiy new areas were being added, mostly prisoner-of-war cani|ts und 
military hospitals. Major drainage was seldom justifiable around prisoner-of- 
war branch campt« because of tlieir teni|H>rary nature. However, larvicidal work 
was supplemented by drainage at some of the more nearly |iermaiient base 
camps. la most instances, plain earth ditches were dug, without lining, sodding, 
erosion control, or appurtenant structures. The average cost for this ty|ie of 
excavation with hand Inlior was *l.4tf |ier cubic yard. A total of 1.050 miles of 
this type of hand ditching was complete«! by :io June 1944, involving over 
600,0110 cubic yards of excavation. 

Drainage activities on rite Malaria Control in War Areas program con- 
tinued on a gradually decreasing scale during 11)45. This included machine and 
dynamite excavations, filling, installation of permanent ditch lining, ditch 
stabilisation, cross-drain, and outlet construction. At the close of the fiscal 
year, little major drainage remained to be done because in most established 
areas it had been completed, military bases were being inactivated, and most 
States were BO longer expanding antimalaria activities. 

Extramilitary permanent ditch lining was limited in the United States to a 
few situations when materials were furnished by property owners or local 
governments. The use of lining was more extensive in Puerto Rico where 
malaria mosquito production was more diaVult to control and where the malaria 
haaard was greater, but even there, ditch lining by Malaria Control in War 
Areas was confined to the vicinity of permanent military establishments. 

Special types of drainage structures were used where they offered the best 
solution to the control problem. At Jackson Barracks, IM., a levee and a 
manually operated floodgate were constructed. At Macon, Oa., and in Puerto 
Klee, pumps wen used for drainage. An inverted siphon was installed at 
Macon. Hydraulic dredging was utilised effectively at Leesburg, Fla., and at 
Macon and vertical drainage at Jefferson Barracks, Mo. 

In addition to them mrvietding and drainage operations, which comprised 
the pnacipal malaria control art ivrties of the Malaria Control in War Areas, 
•Blag we» and to a United degree. This was done by bulkkmer, by diversion 
«ffstnaan,byaaaitarylaadflll,aadbydraa^uw. 

To bntarndna the extent of nuiuuko breeding and the amount eliminated 
by drainage, a census of laOyBf acres of watered area was conducteil during the 
winter of 1M4 throughout the control sons. Pifty-two percent of then wet 
acres won classified as permanent prohlems, 38 percent as semipermanent, and 
90 percent as temporary. In addition to the above, t&flOOflOQ linear feet of 
water holding ditches, canals, and other watercourses Ins than 10 feet in width 
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were reported. More than one-third of each class of watered area (42,177 acres 
plus 2~>,0U0,00O linear feet uf ditches) was foiinil 10 lie breeding malaria mos- 
quitoes, probably representing the significant acreage from the stand|Mtiiit of 
Malaria Control in War Areas. It was further rejioried that 15,<M»<) acres and 
880,000 linear feet of watered area were eliminated by drainage during the 
course of Malaria Control in War Areas operations. 

Hie need for a shift in emphasis of Malaria Control in War Areas activi- 
ties became ap|mrent in 1913 with the arrival in this country of malaria cases 
from overseas. These included hospitalized, sick, or wounded servicemen, pris- 
oners of war sent to the I'nited States, and furlonglied or discharged veterans 
returning to 'heir homes in all of the 4N States. It was sii8|»ecled—and later 
proved"—that malaria transmission could take place from these carriers in 
areas where domestic mosquito vectors existed. This led to the conviction that 
a major public liealth problem would ensue—one which would increase with 
demobilization." 

Thus, in 1044 it was proposed to extend the Malaria Control in War Areas 
program to protect all previously endemic civilian areas in addition to those 
adjacent to strategic installations, lly this time, the antimalaria effectiveness 
and low cost of residual insecticiding with I)I)T had been amply demoustrated 
by its military use in the tropics. The proposal, therefore, called for residual 
spray treatment with DDT in rural areas as a major operation and for some 
larviciding ami drainage around urban locations. Work was i" begin on 
1 January 1945 in the most malarious counties in the southeast. 

This proposed Extended Malaria Control Program of the Malaria Control 
in War Areas was endorsed by the Association of State and Territorial Health 
Officers in October 1944, with the recommendation that the Surgeon General 
of the CS. Public Health Service present the program to the Congress; mili- 
tary authorities approved the proposal. The initial appropriation for the 
Extended Program was included in the First Supplemental Appropriation 
Act, October 1944, and was approved December 1944." 

The administrative pattern of the Extended Program was similar to that 
of other Malaria Control in War Areas activities, but the underlying philos- 
ophies governing the two were quite different. The regular Malaria Control 
in War Areas program was designed to protect military and war industrial 
personnel from civilian malaria. The Extended Program, on the other hand, 
was primarily intended to protect general civilian populations from returning 
military carriers of the disease. Therefore, increased emphasis was placed 
upon participation by State and meal health agencies. 

* Mr» hMMK M, p. n. 
■ 41) n—«TP, S. B.: rnMna CrwM By Brtarala« Mauri« Cantor*.   Pa*. Bratta U**, W: 

SST-MS, IT Mar. IM4.    (» Wiiai. 1. 8.: Aawrlcaa M llintu« fw Ik» €■■■■■■' •* Malaria a*, 
ta» r aM*4 Statt«: latfaatorUM I. a Syaaaaalaaa »a Oar Kallwal Pnaraai 1W ta» rMtral at Malaria. 
J Xat Malaria aw. z   T-ia, Marrh 1M4. 

I (»). a. II 



EXPERIENCE IN UNITED STATES 103 

The county was the usual unit of operation in the Extended Program and 
most project» were eountywiile, excluding communities of 2,500 or more. 
Those in which residual spray treatment was to be carried out were selected on 
the basis of (1) average annual reported malaria death rates of 10 or more per 
100,000 during the prewar years 1038-42, inclusive, and (2) supplemental in- 
formation from the malariologists of the various Slate health departments as 
to the distribution of the disease in their own States. From these data, 68 
counties in 9 States were approved in 1045 for participation in the residual 
spray program. 

Consideration was given to the possible requirements of five other States 
in the traditionally malarious belt where malaria had been transmitted with 
sporadic frequency. It was believed at first that the needs of these States might 
be met by the use of mobile units, but further analysis indicated that better and 
more permanent results would be achieved by establishing local projects under 
trained personnel in these areas. 

During the 1946 season, 644,000 spray applications were made in 400,000 
homes. In the fiscal year of 1046, the number of counties included in the 
Extended Program increased to 274, involving 1,025^81 homes. 

Larvicidal and minor drainage projects were undertaken in the Extended 
Program around urban areas wherever the annual coat of larviciding was 
lower than, or did not greatly exceed, the coat of residual spraying. Re- 
oonnaiasance surveys or experience in previous project operations were used 
to determine these comparative costs. For each population group, either 
antilarval or antiadult measures were used, not both. In general, larviciding 
and minor drainage were the methods used for urban populations. A few major 
drainage projects were proposed under the Extended Program and submitted 
for approval as prescribed for regular Malaria Control in War Areas activities. 
Residual spray project proposals were prepared by the State health depart- 
ments for each operational area where such work was contemplated. These 
were then reviewed by the Headquarters omee before work was maugurated. 

<Wy a fraction of the total number of homes was sprayed before the end 
of the fiscal year of IMS. Spraying began in most States during March, and 
all but one State had started by the middhi of ApriL Because of the delay 
in supplying equipment and materials to meet the tssmtisl requirements in 

During the last half of l»4ft, 411*800 houses in 1» counties were sprayed 
with DDT. Thia program was expanded m 19M to operate in «74 counties 
in 1» States, acconqjtiahmg 611^81 house spray afylications With the experi- 
enea gained from en» yarn operation and the increased development of equip- 
xsant and nmteriak, the average maa-honrs resjuirad for luaidnsJ spraying were 
radnead from 1M man-hours per boss* application at the beginning of the 
194» spraying season to 098 man-honr at the end of the year. The rate of 
DDT application varied from State to State, but the program average was 
0J8 pound per house, or approximately ISA mg. per square foot for the aver- 

-as—s 
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Ftotma 21.—Application tit DDT rraidml ■pray I» t be interior of a rnrnl homy 

age sise home (fig. 21). In 104.% two tmmonal applications of DDT were 
made at (lie rate of 100 mg. per square foot. However, evaluation data indi- 
cated that a single seasonal application of 300 mg. per Square foot would 
be equally effective from the standpoint of long-lasting residual spraying and 
at the same time would be more economic«]. Consequently, from 1946 this 
rate was used in nearly all the States. 

A major problem involved in the Extended Malaria Control Program oper- 
ations was lo obtain proper equipment in time and in suuVient quantity to 
■met project reqoirements. Protarement, specifications, testing, and nodinca- 
tions of equipment were joint responsibilities of the Engineering Division, the 
Eoaipawnt Unit, and the Carter laboratory at Savannah. Numerous types 
of sprayers, spray Masks, gaskets, hose, solvents, emubnnere, and other items 
incidental to DDT residual »praying were tested. Procurement of xylene- 
mistant gasket and hose material was the most serious diaVulty. Of the 
variety of gasket materials tested, only two were found satisfactory for field 
um. Three kinds of synthetic rubber horn proved nseable. After testing 
and selecting suitable materials, further delay was experienced in furnishing 
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such large supplies of specialized equipment, because of the fiiilure of various 
manufacturers to meet deliver}* schedules. Most of the difficulties were finally 
overcome so that field crews eventually received all essential equipment. 

Residual spraying with DDT was un entirely new method of malaria 
control for civilian purposes. Field testing had been limited to projects in 
Arkansas, Tennessee, Georgia, and Puerto Kico. With only a handful of 
trained men and the most critical transportation situation in the history of 
our country, an extensive decent rallied training program was set up, starting 
with a basic course at the Henry Carter Memorial Laboratory at Savannah. 
This was designed for District and State supervisory personnel and was con- 
ducted as a series of discussions and field demonstrations. As a result of this 
course, the nucleus of trained men was increased from a dozen to over 75, 
and each Extended Program State had at least two men with lirsthand knowl- 
edge of the subject. Decentralized training within States was then inaugurated. 
Each State arranged for a training course for area su|>ervisors and for others 
charged with immediate responsibility for doing the work. Two mobile 
training units were ei|iiip|>ed with literature, training aids, and equipment and 
were made available to the States. An officer with lirsthand experience in 
DDT residual sprayiint was available to all States that requested assistance 
in conducting their inscrvice training programs. 

Results of the DDT training program can be measured only in terms of 
smooth working »iterations. Tlie fact that 1,200 men were put in the field 
within 2 months and carried on the program without any evidence of occupa- 
tional hazards, major public complaints, or operational failure testifies to the 
effect iveness of the job. 

Decause of (lie low malaria rates prevailing at the time and the errors 
of arailnhle metliods of measurement during the low ebb of UM disease, the 
effectiveness of the residual spray program was determined entomologically; 
that is, on the basis of its ability to maintain houses free of A. qtmdritmtcMhthui. 
Random inspections of a number of premises on each control project were 
made at monthly intervals after the start of spraying to determine if any live 
anophelines were present. From IMC, the number found in nnsprayed houses 
adjacent to the treated areas was also determined. The raearU of these surveys 
for IMS and IMS are stsnuiurised in tabs» 8. It is evident from these figures 
that effective control of malaria mosquitoes was achieved in counties operating 
under the Extended Malaria Control Program. The role of this program in 
maintaining the downward trend of malaria, incidence in this country may 
never be known, but in combination with the Malaria Control in War Areas 
program it must hare contributed significantly to the negligible level of 
malarioasneas in the continental United States during and after World War II. 

During the immediate postwar years, continental malaria rates declined 
■till further and it was, therefore, proposed to capitalise on the existing 
situation by making a serious effort at eliminating malaria from the united 
States as an endemic disease.   Thus, the National Malaria Eradication Pro- 
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TAKLE  8.—Summary of iHtomotoyical surrry*  on  Ihr extenrird  (rt*iiiunl *pray)   program, 
194^4« 
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1 to2   .           .             6,73» MHO 
2to3              ft, 321 •tt.1 
3to4...   ...   .                  -J 2. »74 »7 
4to5._  UUU 9K 2 

Total _  21. «Ml »B.0 

Grand toUl  36.0N0 9&3 

i la MM, la a total of 1 jm wfnH •»■*» wttaua* »a tt» Mri mm, KJt 
•a Mb 

ä^ssjsn^Bj ^•^^■J WW9 M *»* ^VV 

Man»: BwaVy. O. H„iaa Lnaaa, r. I.: PUiaailia at Hi» TaanP Vm ■IDDTaVaMai t 4IIII>I 
imSI hfl »■ J. Nat. Matarta an. fc linn, J— Itm, 

gnun nt begun on 1 Julj 1947. This WM an «vgaMOtatk» 04 the pew* 
Extended Malaria Control efforts.1* As a result of these metuuirta and possi- 
bly other ciroawaatanoaa, cases oof truly indigenous nudaria became diatak or 
impossible to find in sabasquent years," Theee facts are noted hare became k 
is balisTsd important to record and «anphasrae this essential wlatinnship; 
wanwry, that what started aa a rabtrrery auodsat extnmilitary naslari* control 

in IMS onhninatad in 1M7 in the Ant national malaria eradication 
of substantial dimeacions. This directly related dtaomdant of the 
War Amis Malaria Control Programs nimulated other malaria 

eradication activities in rariona parts of the world and, therefore, was of 
international significance. 

faataott SS, a. M. 
I. M.. «nit. J. ».. wi rim. B. r.: nVacta af 

aa Maauta Oaatral la tat USA.   na*. WacM HcaMfc Ontaa. 11: aae-At*, ISM. 
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Finns Xi.—Ac*f mefifpH, tea Tartar of rcNsw tmt and aaaIM atoac taw raaatal araaa 
of UM caatlaaatal UalM Statea fro« TlrgbMa to Taxaa. 

Related Activities 

la addition to malaria, there were other insect-borm dänases which ooald 
oeear with» the continental United Statea and ita territories and wonld 
banana threata to the military effort if they reached epidemic proportion* 
Of these, yellow feror waa conaidered the moat dangerona. The last epidemic 
of Una dhnaae occurred in New Orkane in 1906," bot the rector, Atdu 
•tfjfpti (Hg. SS) waa present along the eoaatal anaa from Virginia to Texan, 
Fmthermore, epidemic« of dengne, an ineapacitatmg dhnaae ah» traiuanktad 
by this Btoaaaito, had flared ap periodically in Sooth Carolina, Georgia, 
Florida, Alabama, Loobuana, Mississippi, and Texas." 

■BaritB. Bag» H.: CMtntHat TaHaw lX»r. /a Yrifcm Frwr. «IttH fcj Ctoora* K. Btrait. IK 
•nttae.   Saa-Tart :McOrav-ma Soak da, leal. a.»». 

■ lafanaUtMi tu «aulaa* fia« ttw Ktttoaal OOe* at vital MatMln. V.R. Faklte BnHh hn- 
tat. U.S. DaaartBMal «f Ballt, ne—Maa. M WHttrc WafBtastaa, D.C. 
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In the years before World War II, a number of large South American 
cities had eradicated A. aegypti." Millions of dollar» had l»een spent on these 
projects. To protect this investment. IVoliviu luul |>r»|M>sed tit the Kleventb 
Pan American Sanitary Conference in llio de Janeiro in 1042 an A. argypti 
eradication project to include all the Americas. With the outbreak of war 
came a tremendous increase in air travel and the very real danger of intro- 
ducing yellow fever and dengue into military training areas in this country. 
There was also the possibility that South American health authorities might 
quarantine airplanes arriving from A. aegypti-intetted cities in the United 
States which could have seriously impeded the U.S. defense effort. As a re- 
sult of these two potentialities, the anti-.l. aegypti program was institute«!. 
This was a lesser activity of the Malaria Control in War Areas and was re- 
stricted accordingly in funds and manpower; thus, great emphasis was placed 
on education of the public to supplement control operations aimed at eliminat- 
ing major breeding foci. Projects of varying dimensions were carried on in 
Norfolk and Portsmouth, Va.; Charleston, S.C.; Savannah, Oa.; Jackson- 
ville, Key West, Miami, and Tampa, Fla.; Mobile, Ala.,* and Brownsville, 
Corpus Christi, Galveston, Hidalgo County, Houston, Laredo, and San An- 
tonio, Tex.   During the 4 war years, some 4,700,517 premises were inspected. 

The first of these projects was started at Key West on 1 June 1042 with 
the special objective of eradicating the vector species; in this respect, 
it differed from all other antiaedine programs undertaken by Malaria Control 
in War Areas. Each room in every dwelling and business establishment was 
visited each week. All mother foci of A. aegypti breeding were system- 
atically located and were visited and treated each week. Searches were con- 
tinued for casual breeding containers such as tin cans, rubber tires, and 
outdoor cooking utensils. When breeding was discovered indoors, the entire 
premises wen sprayed with pyrethrum Aerosol. The original breeding index 
of 13.2 was reduced to less than one percent with relative ease, but, as it was 
necessary in 1044 to redistribute funds and manpower to give protection to 
more critical war areas, complete eradication was not achieved. 

In most other projects, the numbers of premises where A. aegypti breed- 
ing occurred were held at or below 5 percent, a level which at that time was 
considered to be the threshold of sanitary important«. Mobile A. aegypti- 
control «nits operated in Savannah, Oa, and New Orleans, La. These served 
a doable purpose; while they maintained control activities in these cities, they 
ah» wen immediately available for dispatch should dengue or yellow fever 
he reported anywhere in the United States. To provide farther controls in 
ease of such eventualities, an epidemic plan was developed, and stockpiles of 
yellow fever vaccine and of mosquito control materials and equipment wen 
held in readiness at headquarters in Atlanta. 

"Saw. F. U. IKWOM. D. B.: SpwUM aVaShaHaa; A PracMral Owl at S»*«*w Bcaaetiaa la 
Q» Omtnt tt MiiaihUm Mima.   1. Hat. Malaria he. I: B-M. 1S4X 



EXPEHIENCE IN UNITED STATES 109 

Fortunately, it was not necessary to us« ih»> epidemic plan in the con- 
tinental United States, but a call did come from a locution remote from the 
mobile units and stockpiles of equipment and supplies. Dengue was reported 
in Honolulu, T.H., on 24 July 1943, for the first time in 30 years." This 
occasioned some alarm in Army circles both because of its sudden and unex- 
plained appearance—which was finally traced to an infected Army Air Force 
pilot who, during his own incubation period, had Down n plane from (lie Fiji 
Islands where a dengue outbreak was in progress—and because a general 
epidemic in this area was to be avoided at all costs during 1043 as the Islands 
were to be the staging area for critical campaigns destined to turn the tide 
of battle during the fall of 1943 and the spring of 1944. Dengue built up 
rapidly until it was necessary on 8 August 1943 to declare Waikiki, one of 
the world's greatest centers for servicemen, "off limits*' to military personnel. 

When the first two cases were reported, the Territorial Board of Health 
took immediate action against the spread of the disease. Nine sanitary in- 
spectors, supplemented by 24 new employees and "> soldiers (supplied because 
of the military importance of the disease), made routine exterior inspections 
of premises, eliminating mosquito breeding where possible and suggesting 
corrective measures to householders. An educational campaign was also 
carried on by press and radio, and printed instructions were distributed re- 
questing residents to spray their homes with insecticide and to eliminate all 
water-holding containers. 

In spite of these precautions, the number of dengue cases increased, 
especially in the Waikiki area. During the latter part of August IMS, at the 
suggestion of the Surgeon, Central Pacific Area, UJS. Army, all houses in this 
section were sprayed with undiluted commercial insecticide using high- 
pressure chemical warfare decontamination sprayers. A request was made by 
the Territorial Board of Health for assistance from the U.S. Public Health 
Service, and, on or about 1 September IMS, a sanitary engineer, Wesley E. 
Gilhertson, and an entomologist, Dr. Robert L. Usinger, from Malaria Con- 
trol in War Anns, both experienced in A. «Ayfrft-cmtrol activities, were sent 
to Honolulu. By that time, 148 eases had bean reported. These cases were 
scattered throughout the city, thus precluding all hope of confining the 
epidemic to the Waikiki district and making chywide coverage essential. 
Thirteen civilian employees together with a medical ameer made available by 
the Army to do epidem iotogic work and M enlisted man were added to the 
existing mosqnito-control organisation. Operations began on IS September 
IMS. By the end of the fiscal year, 160 man were employed on mepppti con- 
trol in Honolulu by the Army. The city was divided into districts and aonea 
of each sim that one man could inspect the inside and outside of each of the 
premises in the none within 10 days. 

»OlSMttMa. W. B.: Saattarjr Aaptcts w H» CMtrol «C tat 1S4S-1SM EaMeale tt DnfM 
rmrlaHMMltla.   Am. J. 1Mb. Health S3: JS1-2T«. Man» 1S4B. 
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CUAKT 6.—Trend of dengue erntet compared tcilk rainfall and the Aedes breeding indc» 
during the dengue epidemic In Honolulu, T.H., 194.1-U 

Amltt control in tha Hawaiian Island« involved two apeciea, meffyti and 
•Jhojictw, both of which wan» involved in tha ttanamiarion of dengaa.»* The 
inapactian-caawetkn adncation awthod was naad tondnoa tha braading indieea 
of thaaa apeciea in and anmnd dwellings, while ainuritaneona high-pnaann 
apraving with aamUfiad pyrathr— anroaana nustoree waa aaad to Una; entire 
araaa of high dengue prevalence. Thia treatnent of the epidemic foci waa 
followed by a «harp redaction in nanben of mv CMM. The ontbreak naebed 
Ha prmk in October 1943 (chart 6), but the end of June 1M4 the attack rate had 

(1) VmuMWt. B. L.: titi.iim»! MM 11k* 
B*» 9*: 4S»-t»*, 11 Xv. 1M4.    IMHhHM,U,Ma 
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subsided to less than one case per week. No cases were reported during the last 
2 months of 1944 and the first 4 months of 1945. The total number of civilian 
cases was 1,506; of military personnel, 56. 

The Malaria Control in War Areas organization also undertook, on a 
reimbursable basis, the control of certain obnoxious insects for the Armed 
Forces when this could be done advantageously. In several instances, pest 
mosquito reduction projects were thus extended into civilian areas near military 
establishments to provide greater freedoi l from the continual annoyance of 
bloodsucking insects, with consequent improvement in the physical effective- 
ness of military inductees during their training experience. Similarly, the 
control of stable flies, Stomoxy* caletiraiu, on the north Florida beaches to 
protect Army Air Force personnel from the depredations of these vicious biters 
was undertaken jointly with the Bureau of Entomology and Plant Quarantine 
of the U.S. Department of Agriculture. 

Evaluation of Malaria Control in War Areas Activities 

As shown in chart 3, the rates of reported civilian malaria morbidity and 
mortality continued to decline during the war yean with no indication of an 
upswing due to cyclical manifestations. Probably many factors were involved 
in producing this result, but it seems evident that among the major ones wen 
the competent leadership and conscientious workmanship of the Malaria Con- 
trol in War Areas and the State health departments concerned. 

The best measure of effectiveness for intramilitary and extramilitary ma- 
laria control efforts is displayed in table 4 which contrasts the continental 
Army malaria admission ntes during the 5-year periods beginning in 1917 and 
1941, representative of World War I and World War II experience with this 
disease. Table 9 shows real progress in malaria control accomplifihment in the 
24-year interval between the two World Wars. 

CONCLUSIONS AND RECOMMENDATIONS 

The conclusions reached from this account of malaria control activity 
within and near military anas in the continental United States is that a capa- 
ble job was done both by the military personnel concerned with the former, 
and by the civilian organisation developed for the latter. The joint objective 
of then two operations was to protect military trainees from malaria. Ma- 
laria morbidity was held to progressively and virtually unprecedented lower 
levels in this group during each succeeding year of World War II. In addi- 
tion, the achievements of the combined War Areas Malaria Control Programs 
contributed directly to the attempts to eradicate malaria in this country and 
abroad. This experience proves the feasibility of cooperative and productive 
accomplishment by military and civilian health authorities. 

SMSir- 
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Therefore, it is recommended tluit, if (lie need should ever »rise npiin, the 
Armed Forces and the U.S. Public Health Service, act in«; in belmlf of the 
State health departments, should «rollaborate on essentially the same basis as 
they did in World War II. 

TABLK ft—.t'imtWon» and attack rate» of malaria arqiiirrd hii I'.S. Army prrmmnii in con- 
tinental United State»,1 hy month ami yrm; 1HI7 21 ami l!t.',l .',''> 

(Kate ex|>ressed as number of cases per annum |«r UM» average strength] 

1        A'lmknuoo' rate (or »11 enlisted men Attack > rate tir all personnel 
Month 

!    1»17 IMS l»i» IM» 1WI mi MM 

ft 2 

IMS 1*44 IMS 

January -1     <«) 1. 3 0.« 3.7 2.5 0.1 o 
1 

0. 1 ft 1 
February- -1     <«) 1.3 .8 1.7 i!» .5 .3 •1 ■ '  i t 2 
March. - 1     («> 2.4 1.0 3.7 4.1 . H .3 •-' . 1 . 1 
April '  m 2.« 1. N 4.!. »I 7 .!t .4 .2 -1 1 .2 
May 1  10.« 5.7 2.0 N.0 ftO 1.2 . « .3 .2 ' .1 
June . ; in 7.4 2. 1 Ift5 ft » 1.0 .1» .4 ^ 2 . 1 
July 1   10. 7 H.4 5.3 14.0 11. H 1.4 I.I .4 .2 . 1 
AURIVI. J    «.».I 7.3 0. 4 14. X 17.0 1.7 1.0 .4 .2| . 1 
September .- .1  14.2 5.4 ft 0 12.3 12.0 3 2 1.0 .3 .2 ! . 1 
tetobrr- ft » 1.6 12.4 7. S 7.4 4.« .7 m 2 • 2 j . 1 
Xavrmher !    -*-2 1.0 15 0 3.X 3 1 1.4 .4 . I ■2 i . 1 
DecemlnT.   - 1. 7 . 7 «V 2 3.7 l> .5 .3 . 1 . 1 . 1 

1 The rates shown (ur IM'-ai ami IMI-42 «er* not reported as bavin« been acquired In the Untie«I States, bat ■» re. 
partiac to a medical treatment rarllli> In the United State«. It is assumed Hut most of these eases were acquired la lb* 
United states. The rat« lor lau were estimated based on summary report data. For 1*44 and INI, the rHatMleal 
Health Report lurniaheil iluta on rases at malaria acquired in the United ütntes. 

> Meiers to ruse* in » hlrh malaria (new) was the primary cause ot admission to a medieaj treatment faculty. Daring 
part o* this period, however, sernalary rases of malaria may have been Ineatded Ml tat admuataa rate. 

»Consists ol «malaria shown as the cause of admMelon (whether new or reearrent) a« weH a» malaria whkh wasntaa« 
ary to war other iMlmiMsfun diagnosis. 

< Dab. not aveikide. 

laarre: <1) The Medical Deyartment of the Ualted Itaui la the WorM War, TeJ. XT, «tatrntJc», 
Part S. ltlT-1».    «*> Asmaal reporta of The Sarges« Oeaeral, I'.S. Army, lrll and 1»3X    ID 
ParteaUe aawaBMrfea of Statistical BeoHh Bewert (prevUwaal >, 1M1-U. 



CHAPTER IV 

The South Atlantic and Caribbean Areas 

Luther S. West, Ph. D. 

Part I. General Considerations 

The total geographic area covered by this report extends approximately 
from 30" north Intitiule to 40° south latitude and from 30° west longitude to 
05° west longitude. It comprises both tlws Caribbean Command and the South 
Atlantic Command at their greatest expansion during the war years, 1941-45. 
The Caribbean Defense Command consisted of the Panama Canal and Antilles 
Departments, represented in prewar years by permanent installations in the 
Canal Zone and tlte island of Puerto Rico. 

War Department Pamphlet No. 8-2, dated 2 April 1943, indicates that 
malaria was most prevalent in tropical regions of Central America and in 
the great river basins of South America, especially those in Brazil, the 
Guianas, Venezuela, Colombia, and Northwestern Argentina. It is believed 
to occur in all Caribbean islands except Barbados and the Netherlands Antilles. 
In some areas, up to 80 percent of the native population may show infection. 

The soutliern range of malaria in tlie New World terminates at 32° south 
latitude, in Cordoba, Argentina.1 The only recorded exception was a brief 
epidemic in 1935-37 near Mendoza, at 33° south latitude. No cases have been 
reported in Brazil south of the 30th parallel, and in Chile the disease does 
not occur south of the Pica stream in the Province of Tarapaca, at 20°30' south. 

The malaria problem in these areas has long been very real. The preva- 
lence of the disease in the native population of various Central American, 
Sooth American, and West Indian countries has played its part in sapping 
the energy of these peoples and in preventing the attainment of economic 
standards which natural resource» and commercial opportunities would other- 
wise have made possible. Conversely, a low economic level, whether due to 
malaria, hookworm, other diseases, or merely to overpopulation, as in certain 
of the Antilles, provides little money for expenditure on public health. Thus, 
most of the gorernments concerned, though realising the need for malaria con- 
trol, were not able to command the funds necessary to utilise approved control 
procedures. 

The example set for the Central American Republics by the United States, 
in connection with the sanitation of the Canal Zone, had both a desirable and 

» Hactatt. I<nrto W.: IWIMIH t Malaria.    1» MaauMaST. —MM ay Mart r. Bw*.   *UaV 
MaMa : W. B. Sa—fcw OL. IMS, nl. I, p». T2S-TSS. 
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an undesirable effect. The practical elimination of mosquito breeding by the 
use of oiling mid drainage tecluii'iuei* showed what could be done, and stimu- 
hited imitation. The enormous expense involve<l, however, made it abundantly 
clear that' the Republics «Mild not hope to raise, by any system of taxation, 
sufficient money to parallel the U.S. achievement. Educational effects were 
nevertheless apparent in the greater use of screens or bed nets, avoidance of 
unnecessary exposure during the biting hours of vector species, and in other 
ways. These practices were more closely followed in villages and towns than 
in open country, as evidenced by a higher spleen rate, for example, among 
children who were trans|>orted to village schools, than among those who lived 
close by. 

In contrast, however, is the fact that native populations, in all tropical 
regions, tend to develop a degree of tolerance to malarial infection, so that 
adults though perhaps exhibiting a parasitemia may be relatively free from 
morbid symptoms. Except for exacerbations brought on by fatigue, malnutri- 
tion, chilling, or illness of some other type, they may carry on effectively for 
long period» of time and be neither a burden to themselves nor to others. Both 
natural selection and immune reaction are involved. Natural selection operates 
largely through infant mortality, the survivors being, it may be assumed, some- 
what better fitted by nature to cope with the parasite. This selected group then 
stands to profit by whatever immunity can be developed through repeated 
exposure to infection. It should be pointed out that frequent reinfection is 
necessary to accomplish this. Such an immunity is termed premonition. If the 
individual remains free of parasites for any considerable period of time, his 
immunity is lost. Untreated natives have, of course, but little opportunity to 
become parasite free. 

The introduction of a new, nonimmnne population into a malarious area 
is always a hazardous procedure. As long as the newcomers arrive in relatively 
small groups, make plans for their own medical protection, and tend to engage 
in more privileged occupations (executive, clerical, professional), no great 
challenge of existing practices is likely to occur. If, on the other hand, there 
should be an influx of some numbers destined to engage in common labor and 
to live under perhaps km than desirable sanitary condkions, an eptdesnie among 
the new arrivals is almost certain to take place. The arrival of troops from ■ 
RonmnlarioDs region parallels this example in its first aspect because the duties 
of military personnel necessarily take them into situations where risk of injec- 
tion may be very great. The second problem, involving living conditions and 
especially boosing, need not exist if there be suftcient advance knowledge of 
control procedures, the means to apply them, and effective instruction of the 
troops. Actual combat conditions may destroy all this, at least temporarily, 
but since this discussion is concerned with an area in which no fighting took 
place, it is unnecessary to go farther into this aspect of the subject. 
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INCIDENCE 

Central and South America 

During the yoar 1041, malaria caused the death of 1,178 person* in t)ie 
United Sure*.» This represented a malaria death rate of 0.0 per 100,000 in- 
habitants. It «ill be evident from table 10 that malaria, at the outbreak of the 
war, was a much more serious matter in most of the other American Republics. 

The statistics in table 10 make clear the extent, as well as the importance, of 
the malaria problem in selected geographic areas in Central and South America. 

TAMJC 10.—Malaria tu * rrmarttä eawr af aaalk in Central n*4 Saatk Aateritan Repualie* 
■■rf aritabari%a Si aim, with »elected vamplrt 

Wate axpnami m mkt at dntha pn ■ ■ per WH papublkn] 

Caoatry (or Hly) 
1 tealla 

Year 

Naantr Kale 

1040 178 (') 
1041 337 US 
IM1 42 11 
1040 4,817 M.« 
1040 •1ft 180.« 
10» 1,0» »2 
1041 ao (■) 
1040 4.M7 (') 
1041 mo »SLO 

1*41 2,017 188 J 
«MI m US. 1 
I9W 10,000 »ao 
1*41 M <■) 
1041 2,4*4 180.0 
1041 IS (') 
1041 »1« 84.0 
10W M 280 
1041 l>ia 142.4 
1*40 i,»i 84.0 
1*40 10 7.1 
1041 MB 881 
ItM 8» 44.7 
1040 1.014 ■7.0 
1017 48 « 
1041 4M «8.8 

Bolivia  
RJodV JanHro (Braail)  
8*o PauW (Braail)  
Colombia   
CoMa Rica  
Cuba  
Chile   
Ecuador __  
C<MTaqaU (Ecuador)  
B Salvador  
flan Salvador (El Salvador) 
Gtaateaaaja.—  
Mexfco  

I 
i CRy (E.P.) 
■ 

>(PM) 

M 
Carat» (VnwaaHa) 
Brftfca. 

I 
0 

i <a w.i.) 

faMfaattaa Ha. IBS. raarawrj 10M. 
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U.S. Army, 1942-45 

During the war years, the personnel of the U.S. Anny suffered more or 
less seriously from malaria (tables 11 through l.'i). From a global standpoint, 
the year 1JW3 was certainly the most alarming. In Latin America, however, 
where troop concentrations were well underway at the outbreak of the war, 
194-2 became the year of disastrous experience, followed by rather consistent 
improvement for tlie remainder of the war period. 

The figures given in tlie tables are adapted from material supplied by the 
Medical Strtistics Division, Office of The Surgeon General, U.S. Army. 

TABLE 11.—Xumber of nur» ' and attack rate» •/ malaria in /*« U.S. Army, WM-Mwtdt and 
Latin America, by type of Plasmodium and year, 1042-45 

IPnlimlnary data has«! on »mpte tabulations •* lixll vfclual mnMral manb| 
I Rat« ttipmwd «1 mtnibrr 1 cam per uuw per \jm irnip at/roaih) 

T>i» «( Itmwuiittm and jrrar at iHlmfewfcm 
N'umhrr 

Malaria, «II form*: 
1942  
1943  
1944...      ... 
1»«..       

23.207 
174, 867 
I««, 155 
120.010 

Total   I    492.209 

Vita* malaria: 
1942  
1943  
1044    .... 
1M5      ... 

Total. 
Fakimanm 

1M1. -. 
1943 
1944... 
1943 

TBUI. 

1942. 
1943- 
1944. 
1946. 

Total. 

7.18 
25.44 
21.58 
1U.M5 

1M.U 

11,435 
»>. 211 

12», 810 
107, 810 

341,276 

4,481 
28,2*9 
12.921 
5,57» 

US 

jn 

1,877 

13.42 
lft. ttfl 
14.51 

13,47 

LW 
4.11 
1.M 
.71 

Xuahrr 

11,042 
4,874 
1,245 

730 

17,801 

7, »72 
3,420 

990 
565 

Rate 

108.34 
4a 34 
14.51 
Itt in 

47.05 

2.02 

a<M 
.M 
.10 

0.07 

UU7 

2.8W 
1,173 

IM 

33 
ft 
ft 

168 

75.27 
28.39 
11.54 
7.88 

33.29 

27.50 
9.71 
2.33 
2,09 

11.: 

O.M 
.27 
.06 
.07 

0 27 
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TABLE 11.—Xumber »/ ea*t» ' ami atliek rain at malaria in Ike V.S. Army, imrhliriile and 
Latin Ameriea, »»// typi- of Plii»n»xliiim mil yrar, l9',.'-.}5—Continued 

1 
Tyi» of ftowati»* untl ymrofitolmtalna                    | 

Wolklwhlr 

Nunilvr      {      Hiitf 

216        a 117 
1,11«          . 17 

1,130 1        . 1.1 
m, 1     . 12 

3,444 ;      (H 14 

l.ulln Ann-rUm 

\ umher 

127 

21» 
.1 

K»|F 

Mixed malarial itif<f timia: 
11)42  ..      

111«}.. -   

1.25 
.24 

11144   
11145   

Total   

.00 
0 

a 42 

Other and iii'specifted form» of malaria: 
HI42      7,013 

52,4«» 
23, 470 
11,470 

2 1« 
7. tH 
:ioi 
1.54 

.181 
20» 
45 
10 

3.74 

1043  1.73 
11M4  .52 
W45   ._  .14 

Total  114, 422 3.73 645 1.70 

iCmmtt^mlmrw mlwtomtm»tm4TmüMtMtmttomilMl*»>*i1iMirrmi>aKjrwnimwhkrhmAmb+mwmlcrulhtt 
hat la walrh awlarl» nbtH ranrwrartlT «r dnetapMl ajtMrqanMljr. 

TABLE 12.—lueHrnee of malaria in Ike U.S. .traty, ay arm ami yew, IO40-41 
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Taw 
TaaaAfaqr PJa.tawaaairaa.awi VJ.aaaaiWraarW NaMvi FMMtM 

M ■aw Haw, II ■aw «--> ■aw H—wr ■ata 

1040  4 
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1.27 
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15.08 1 
0 

1041   8.35 
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TABLE 14.—Deafa* due to malorii in Ik* l',H. .1r*»y, irotidicide and Vali» America, by type of 
Plm-nKMlium fli»«f ytar, 1944-i-j 

I IVHminary data buvd on talailatkan or taiHvlilual medical eeronh) 
[Rate expressed a« numtwr of deaths per year per MKMlufl average strcnr.ln| 

Type of rtumtUum and year of death 

Malaria, ull form»: 
1B42- _. 
1943  
1944  
1945-  

Total. 

l'irax malaria: 
1943  
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1*44  
1945  

Total. 

U .«I.I« II 
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Ijitt.i America 1 

25 U.77 | 13 
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m 1.14 l 
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0 
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Fmkipmrvm malaria: 
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Mixed Malarial Infection«: 
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1944  
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Other awl aMpevUkd forma of aaaaaria: > 
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1944 —  
lttt  
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11 0.34 ! 
47 .69 I 
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0.41 
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TABLE 15.—jMmiuion* ami death»/torn Jrvrr af umlrltrmineii origin' in the tola! L'.S. Army 
and in the Latin American area, by year, lltW-46 

IAdininioB rat« »»pnaml a» number per annum per l,0»> »vmve »lren«ih| 

I heath rat« «ipn-nml as number par annum per 111UN0 average strenathl 

Year 
l             Total Army LuiIn America 
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                   5 
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    .i                5 
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0 
0 
0 
0 

                20 
I 

a lo • 

> Hrebabtr aaalarta a» nut» eae». 

ANTIMALARIA ORGANIZATION 

The mmlu-in control machinery of the various Republics and European 
possessions, included in this extensive area, differed greatly in magnitude and 
taVinnry at the outset of the war. Wherever the local government organisa- 
tion was well developed, and more or less experienced, as in Brasil, close co- 
operation was sought by UX authorities, and cooperative administration of 
control activities in the vicinity of military installations was the rale. This was 
nartienJarty true near the several bases used for air transport purposes along 
the Atlantic coast. In other areas, the full responsibility had to be assumed by 
military assbontits. More detailed information will he given in connection 
with the history of particular installations. 

By 11*45, tliere were 70 malaria survey units and 163 malaria control units 
working in oversea theaters throughout the worW.1 In addition, nonmedkal 
antimalaria details, consisting of one noncommissioned omoer and one or more 
additional enlisted men, were assisted to serve individual companies, batteries, 

a ■!■■■■■, J.a 
by Mark T. »ay«. 

: Central af Malaria la lb* falte« Stataa Army-    In If alarfelaejy, eatta* 
V. B. SaoAm O, 1S4S. rat. It, pp. 14M-14**. 
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or similar units in malarious areas.   TheM' carried out minor control measures 
und watched for breaches in malaria discipline. 

The malaria survey units consisted of 11 enlisted men, directed by ii of- 
ficers of the Sanitary Corps, one itn entomologist und one a parasitologist. 
Control units consisted of 1 sanitary engineer and 11 enlisted men. Such units 
were trained and equip|ied to carry out mid supervise large-scale malaria con- 
trol programs. Survey units and control units frequently assisted one another 
in adjacent areas. 

CONTROL ACTIVITIES 

As in other theaters of operations, malaria control activities in the Carib- 
bean and South Atlantic Commands were divisible into three general types: 

1. Permanent, improvement, of the environment, by drainage, filling, in- 
stallation of floodgates, and otlier engineering procedures. These activities 
were, of course, ex|iensive and were only followed wliere longtime use of the 
area by military, industrial, or commercial interest», with attendant concentra- 
tion of population, seemed assured. 

2. Temporary control measures of various kinds, calculated to protect large 
numbers of individuals, were employed but were effective for only limited 
periods of time. If the installation continued to function longer than orig- 
inally expected, such procedures had to be repeated at required intervals. The 
use of larvicides in breeding places, the screening of barracks, and later, residual 
spraying of quarters, inside and out, are examples. The eventual employment 
of DDT, from the air, to render large areas temporarily free from vector 
species falls hen also. It was justified only in connection with the movement 
of large bodies of troops in combat areas, or in the carrying out of large-scale 
maneuvers. 

3. Measures usually classed under the head of malaria discipline. The 
wearing of protective clothing, remaining in protected buildings daring the 
hours of greatest anophelim activity, and the consistent application of re- 
pellents are examples. Proper use of jungle hammocks may be included. 
These practices were valuable in combat stones, while on maneuvers, and in 
temporary bivouac areas. For these, the individual soldier waa held 
responsible. 

Malaria discipline included the application of repellents. Granert,' at the 
time a research fellow at Ratgers University, New Brunswick, JTJ, sam- 
mariaed the attributes of a suitable repellent for use by the Armed Forces: 

Ike NfoDMt mt he eaeeUve; 1*, It BUM be aast to prereat Mtlag ay away parta for 
kar parlese of tlaa> even «Oder advene coadltloas. It ana* mat be lajartaea to the am 
or aay artietes of ckrtalaf or objects be Hay toaefc. It araet saaaaa eartala aiaitiillaaiiai 
properties sack as «a acceptable odor, availability, aad stability, aader atone» or said at. 

•Oraavtt. P.: Tba SkjaUkaaw af tk» Darrliaant af MaaaaHa laaah tor tin rwfeuaa of 
MBMarr »4 drMaa PsaalaHaaa.   Prse. KJ. *—% Uttwala. Am. M: »M-1M, IMS. 
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The wost satisfactory list of insecticide.« and repellents as developed for 
the Armed Forces is found in U.S. Department of Agriculture Miscellaneous 
Publication Xo. liOti released in August ISHti. ltutgers 1112 (2-ethyl-l, :i-he.Mine- 
diol), Indalone (Inilopyroiiiayl), and dimethyl phthalate, alone and in 
combination, excelled as re|>etleiits. 

A memorandum from Headquarters. South Atlantic Ferrying Wing,"' lists 
precautions to be taken by the various commands wherever conditions were 
such as to require them: 

1. Effective screening and mosquitoprooling of all buildings occupied by 
troops. 

2. TTse of mosquito bars or netting for sleeping. 
3. Prohibition of loitering or sitting in unscreened buildings or outdoors 

when not required by military duties, lietween dusk and dawn. Wearing of 
protective clothing by personnel on outdoor duty during these hours. 

4. Systematic spraying of barracks, kitcliens, messhalls, storerooms, and 
recreation buildings wltere indicated. 

5. Keeping of doors tightly closed. Prompt reporting and repair of holes 
in screening.   Enforcement by periodic inspection of buildings. 

6. Elimination of local breeding places of mosquitoes. Spraying with 
larvicide recommended where practical. 

7. Spraying of aircraft as directed by regulations. 
8. Use of chemical prophylaxis in areas indicated. 
The protection of personnel from malaria and the disinsectizatkm of 

aircraft were considered command functions. 

MILITARY DEVELOPMENT 

Mission 

The missions of troops in the Caribbean and South Atlantic were various 
but not especially complex. They were both offensive and defensive, the latter 
being more important during the early yean of the war. American territory 
had been attacked at Pearl Harbor, and it was considered highly probable that 
the enemy might attempt to gain control of the Panama Canal, or at hast to 
cripple its operation. The United States was ah» interested, jointly with the 
British Government, in maintaining full, functional use of the West Indies. 
The greatest menace in the West Indies consisted of German submarine 
activity against Allied shipping. 

In September 1M0, the United States acquired bases on Bermuda, Exuma 
(Bahama Islands), Jamaica (at Kingston), Antigua (Leeward Islands), Saint 
Lucia (Windward Islands), Trinidad (Great Britain), and Georgetown 
(British Guiana). 

• Mirm.l mater; WarM War II, CJL Araj torn, BMU AttaaMe.   iwufcri llMvrte.   [oav 
U 
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As the Allies gathered strength for the African offensive, tlie importance 
of these airbases in both the Antilles and northern South America became much 
greater and necessitated more und larger installations, with emphasis on 
transport function rather than aerial defense. 

Transport of lend-lease equipment had, of course, been a function of many 
of these bases from the beginning. 

Meantime, both Puerto Rico and the Canal Zone were ix>ing developed as 
training centers for troops intended for employment in jungle warfare. An 
important training area was developed and maintained in southern Trinidad 
(by the 33d Infantry). It was necessary that this training be both realistic 
and thorough, if survival and success in Asia, South Pacific, and the Philip» 
pines were to be achieved. An important phase of such training consisted of 
instruction concerning the nat'iro and transmission of malaria, as well as prac- 
tice and discipline in the use of those preventive and suppressive practices 
whicli are under tlie control of tlie individual soldier. In patrol activity and 
in actual combat, these are the chief measures available. 

The mission of troops in the Caribbean and South Atlantic may thus be 
summarized: 

1. Defense of the Panama Canal and adjacent areas. 
2. Defense of the West Indies, particularly with a view to suppressing 

German submarine activity. 
3. Provision of a chain of bases along which both troops and supplies might 

he transported to tlie African theater. 
4. Provision of a training area in which conditions of jungle warfare 

might be duplicated or at least paralleled. 
.V The disciplining of troops in regard to prevention of tropical and para- 

sitic diseases (including malaria) with which they were sura to be confronted, 
both in African and in oriental service. 

This last objective was not recognised, at first, a« being particularly im- 
portant, and waa not defined in early directives. Experience in the Pacific 
theater soon forced attention to these problems, however, and the inclusion of 
■mm discipline became a ratine matter in preparing troops for foreign doty. 
The acceptance of responsibility on the part of naVera of various levels of com- 
mand was a necessary step in making the program effective. 

Air Force Installations 

Reference has already been made to bases acquired by the United State» in 
1M0 by arrangement with Great Britain. In July 1941, the Brazilian Govern- 
ment passed legislation permitting the United States to develop a number of 
airbases in that country. These were at Amapa, Beiem, Sio Luis, Fortalan, 
Natal, Recife, Maceiü, and Bahia.* Construction was carried out by the Pan 
American Airways System, Inc., through its subsidiary, the Air Port Develop- 

»M«Sle«l History W«fM War II. V.M. Araqr AIM, S«ttk AUUHF.    |OBMal newtf.) 
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inent Project. To conduct operational activities, the Army Air Forces created 
the Army Air Corps Ferrying Command, which later became the global Air 
Transport Command. Expansion of transport activities and the necessity of 
better provision for the defense of Northeastern Brazil brought about the estab- 
lishment of the South Atlantic Wing, Air Transport Command, in June 1M2. 
Headquarters were established at British Guiana on S> July, where a U.S. Army 
base already existed. 

The various airbuses established in the area controlled by the Caribbean 
Defense Command will be listed in separate discussions of tlie Panama Canal 
and Antilles Departments. 

AREA CHARACTERISTICS 

Physiography 

The area covered by this discussion includes all islands and coastal regions 
surrounding the Caribbean Sea, together with such furtlier malarious portion« 
of South America as were occupied or used by U.S. troops. It lies approxi- 
mately between 35° and 00° west longitude and extends from a little north of 
the Tropic of Cancer to 35° south latitude (map 10). From the standpoint of 
mosquito bionomics and malaria transmission, a considerable variety of ecologic 
situations exist, altitude as well as prevailing winds being factors in some 
instances. Since it is difficult to generalize for an area characterized by the 
division of its landmass into so many widely separated units, specific physio- 
graphic information will be reserved for presentation in connection with the 
discussion of mosquito vectors, some of which breed in peculiar and restricted 
situations, not always typical of surrounding territory. 

Climate 

As with physiographic diaracterietirs, the area under consideration is too 
large to permit very concise statements as to climate. From a general stand- 
point, one is concerned here with the climate of the Torrid Zone, from the Tropic 
of Cancer to the Tropic of Capricorn. Seasonal differences are measured largely 
in terms of rainfall, rather than temperature. The striking climatic differences 
sometimes encountered as one travels from east to west, or rice vena, am 
practically all explicable in terms of altitude, as, for example, when one pro- 
ceeds from the Pa«i fie coast of South America, croam th^ 
into the valley of the Amaaon. Apart from altitude, air movements can be a 
factor, evidenced, for example, by the reduction in precipitation along the coast 
of South America, as one proceeds westward from French Ouiann to Curscno 
and Aruba, N.W.I. This is due to loss of moisture by easterly tnade winds. 
Climate tends to favor the occurrence and transmission of malaria when the 
following conditions are met: 
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JUr 1«.—Caribfceaa ami as* VtbikUe theater. 

1. A continuous supply of suitable water 'or the breeding of the rector. 
Specie» in which tlte egg8 <>M> «urriv» temporary "mudbank" conditions are 
obviously more adaptable in this respect. On the oilier hand, no anopheline 
does well wlien there is an excess of precipitation, as when the terrain is covered 
with A flowing sheet of water. 
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2. Maintenance of water teiii|M>ratiirvs alxne ilie i*>int when; immature 
stages of tin» vector will be killed or rendered incapable of recovery. 

3. Maintenance of air temperature above the point where adult anophclines 
are rendered permanently incapable of mating, feeding, or egg laying. 

4. Frequent and prolonged association of warm temperatures with high 
relative humidity, which, by favoring the uninterrupted breeding of the vector, 
insures its presence in great numbers in the vicinity of both parasitized and 
non|>arasili%ed human hosts. 'Die same factors tend to favor the use of little 
or no clothing on the part of native populations, a practice that exposes them to 
unrestrained attack by enormous numbers of mosquitoes. 

.*». Freedom from strong, persistent winds during the normal biting hours 
of the vector, as mosquitoes do not readily take to wing when winds are severe. 
It should be remarked, however, that gentle winds are no barrier to vector 
activity and may even I» a positive factor in malaria dispersal. Srhiavi,* for 
example, conducted a survey in 1044 in the town of Igua]>e, situated on the 
coast in the southern iK>rtion of tlie State of Säo Paulo, Brazil. Anophelei 
nlhitani» (iomrntirui. captured in houses wliere cases of malaria had occurred, 
yield«! both oocysts on tlie stomach and sporoaoites in the salivary glands. 
Lr>cal op|H>rtunities for breeding were so limited, however, that the mosquitoes 
were considered to have flown to the mainland from the low, marshy island 
of lib» Camprida when a sea breete was blowing. Specimens were observed 
in flight, over tlie channel. 

Alt ltough certain species of anophelines are adapted to breeding at higher 
altitudes than otliers, even the hardiest eventually readies a level at which 
frequency of low teni|>eratures prevents tlie survival of tlie species. 

From the foregoing remarks, it is evident, tlierefore, that the coastal 
regions are, in genera), more hazardous from a malaria standpoint than the 
interior areas, ami that within these interior areas, the great river valleys 
may be expected to be more malarious than the mountain Blopcs. Tlie peculiar 
habits of certain vector species are responsible for occasional exceptions. 

Special relations of climate to tlie incidence of malaria in limited areas will 
be treated in another section of this chapter. 

Native Popaktion 

The population of the L«tin American countries is composed of a mixture 
of races, proportions differing according to locality. American Indian blood 
is more persistent in Mexico and South America than in certain of the Central 
American countries, though isolated tribes survive there practically untouched 
by outside influence. The use of the Portuguese language in Brasil and of 
Spanish (with various modifications) in the great majority of political units 
testifies to the dominant character of the European influence.   One sliould not 

'SrfctarL A.: Xote «fibre BMHOIIM reform m I rut*.    Arq. kkr. • MMC ptk,    M: VT-TB, 
IP^pfl •^■»••T lew. 
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forget, of course, the French, Dutch, and British interests in the Guiana*. 
British, French, and Spanish blood! ines exist in the West Indies, where, 

however, as in Panama, the tremendous biological vigor of the African ele- 
ment, introduced in the period of the slave trade, tends to olweure the character- 
istics of all races with which it interbreeds. East Indian stocks introduced 
labor and augmented bj later arrivals ure making themselves felt. Many mer- 
chants in Panama, for example, are East Indians. Chinese and other oriental 
groups are evident in many cities and towns. Superimposed on all this is the 
constant coming and going of nationals, from almost all the leading countries 
of the world, who visit the American Republics in the interest of commerce 
and industrial development and who frequently become residents for varying 
lengths of time. 

Racial makeup of particular countries or areas will be noted, where signifi- 
cant, in other sections of this chapter. 

Mosquito Vectors* 

The anopheline mosquitoes considered to be important carriers of human 
malaria in the regions under consideration number eight  These an: 

1. Anophelet aJbimanttt Wiedemann, 1921. 
2. Anophelet albitartis Lynch Arribalxaga, 1878. 
3. Anophelet aqwuali» Curry, 1932 (referred to as Anophelet tanhno- 

CVIUIHS by certain authors). 
4. Anophelet beUator Dyar and Knab, 1906. 
5. Anophelet darlingi Root, 1026. 
6. Anophelet pambiae Giles, 1902 (exterminated in New World). 
7. Anophelet pteudopunctipenni* Theobald, 1901. 
8. Anophelet jmnctimacttla Dyar and Knab, 1906. 
In addition to the species just listed, Mexico and Central America, includ- 

ing the Caribbean, rapport at least 34 anopheline species usually not considered 
vector*, while South America boasts a total of 52 probably nonvector species 
and varieties,' not counting 3 species of Chogatia and omitting some 13 or more 
forms of questionable validity.   Among potential vectors is AnopheUt noroet- 

• (1) EM« W. R. W.: TW An |l Ha. MM—IUU at tW Cartktoaa Watea. Hat. laat Btattk 
x* in, ist*. (1) ■—, Mmmn W.: TW Oiigniklnl mniteatlia af tta Matette ChnrlM 

A CaH*ctfea at l—M Material la ■ W Muratan. mmt la Firnail Ci ■ iilriHm ta 
Aatkar. »illln n: TW MM Mifitei tMvatalt* FRam IMS. (TW Aim— /Mrs« a/ 

igraakle Ma Ma. !♦.» (l| Baaaa. a. W„ iX SSaJaa, H.: Tka Mi Haiti n at ■ 
Satealir. Aak J. Tiaa. Mat, 19: M*-4M, Jalr ISO. («) Baa—, Paal F.. Waat, LatWr a, mmt 
Mini in. lalaM n.: Practical Materlttepr. PMIatMaMa: W. B. Saaaaara C. ISM. <«) MaifcH, 

a« T. Haater. Oiiw— W, mmt Warta. C. »ma« : A Maaaal at Tt.aHal mttMttmm. PMhaMaMa: 
. a Saaaam Ca, IMS. (•) Matettetep. aMWJ W Mark F. Bayd. Täte. I mmt II. Pallilitetla : 
. B. aainatera Ca., 1»*», 

•(I)Oirar. ftiiitai O.: TW Maataltaca at Ike Aawricaa.    PaaUcattea Ma. 387, Caiatgte IMU- 
te.   WaaMaataa.   DC   im    <»   Oaat-OalTta,   A.:   BMacte  r   atetrihacMa  iwcraAca   <W tea 

i CateaaMa. a«r. Far. Mr*. I'atr. ST IS: »IM. Aaeaat IM-T    (3)  Laat. J.: CaUUaga 
Maaaaltaa Xaatrtateaa «a laatltata St Hlttea* mm & Paala.    BMHaaa aala Clakt Bailaale« a» 

a raateBwaB, —HU» Btelagtea.   Stete MiaajilSia. IM». 
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BwMr-luMii HM—W srseit— atoag »t 

Gahrfto, which Coatiaho» found 
shown to transmit malaria to um. 

infected in Brasil bat which BM not 

Amt9ktlmmlktmmmm»r—T^Mmomq\ütoT*nf^tTfmiTeMmihnn^iU»xioo 
and UM West Indies into VcmaeU, Colombia, and Ecuador.   ThtluTMin 
fomxl in a variety of situation», including fresh or braekiah lagoons, swamps, 
■wnrshee, lakes, ponds, pooh, puddles, pits, hoofprints, and artificial containers 
(fig. 28). Exposed, sunlit waters are favored, though sane shade is tolerated. 
Thi» adaptability is the chief reason for its great importance as a vector 

<».> 
»CMttalM. J. 0.: O "iMfMn (V.)  twmt*i 

ISTSCM 
mttmlf flalrta e Uw. ISST e • «iMpMn 
«t Mlarit mm DtatrH* VMrmL BnuU-aMC M: 

M41 Ju. IM. 
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both in Central America and in the Caribbean. The adults are nocturnal 
biters, and prefer man, but will also feed on animals. They will enter houses 
but in most eases leave after feeding. The adults are very set-retire in daylight 
hours, and even experienced collectors have difficulty in locating them. 

Plant associations have un important bearing both on the suitability of the 
environment for A. clhimamw breeding and on preferred methods of control 
when the vector is piesent. Studies carried out by Pratt in Puerto Rico have 
thrown considerable light on this problem.11 Thus drainage and dusting are 
most successful in coastal swamps where Phragmite* and Typha auguttifolia 
are dominant species. Only the sunlit margins are utilized by A. albimanv*. 
For pool containing tall grasses, drainage is preferable, as larviciding becomes 
difficult. Sugarcane fields produce few mosquitoes just after tlie cane is cut, 
but sinking of the trash in the irrigation ditches soon results in a sunlit 
surface where A. albimanu» is at home. Reflooding intensifies this condition. 
Anopheles grabhami tends to replace A. albimanu* wlien the canes reach a 
meter in height, and A. veathipenni* usually takes over when canes are full 
grown. 

AzolJa, PUtia, and other plants which form floating mats tend to inhibit 
mosquito breeding. On the other hand, low-floating plant growth, such as is 
formed by Cham, Utricularia, and Cemtophyllum, protect the larvae from 
their natural enemies, and so favor their development. In Puerto Rico Cerato- 
phyUwm detatumm is a very common associate of A. albimantu. 

Amapkeiem afMarafe—The typical A. albitani* from Buenos Aires is not 
domestic, nor does it prefer human blood." On the island of Marajo, how- 
ever, in the State of Pari, Brasil, the females invade dwellings in large 
numbers diving the evening, even when cattle are conveniently available. 
This variety has come to be known as A. albitani* domestic**, a form er- 
roneously referred to by certain authors as Anopkelt* albitarti* rut. bramäien*** 
Chagas and by others as Anopkelt* mrgyritmrti* Robinemu-Desvoidy. Anmpk- 
eU* albitarti* var. limai Galveo and Lane is possibly identical with the 
typical form. 

Anopkeh* albitarti«, which is a vector in Brasil, is found from Guatemala 
into northeastern Argentina and Uruguay. It also occurs in Trinidad. It 
breeds chiefly in ponds, ricefiekfe, marshes, lagoons, and the overflows of rivers. 
Matted vegetation and the availability of a certain amount of shade favor its 
development. The adults show a preference for human blood in certain areas 
but not in others, indicating the existence of geographic new. 

AmtfktUu apajajav-The geographic distribution of A. mamamU» in the 
neotropical region is discuwed by Lncena " under the name of A. tartimaculatu* 

*> Pratt. H. D.: Iflatlaa af Plant» to Malaria Cualrri la Pavrte Kim. Pah. Health *<*.. Saa*L 
Xo. 3M. Drmaber 1MT. 

■QahrSo, A. L. A., ami Daamrmn. a. Q.: Ohmwwfin iw»n aaofrilaaa da r—taten al»Wf Ha, 
Aa. Fa«. a> aw«, lair. M» Paato2»: 7»-AT. I*** 

■LaitM, P. T.: Eataca MnMilen im AmmmhHn (.V.) «antaMcatafat GorMI. ISM, aa a »Salt» 
SraaOrti*. Palba mr4 !7   I». I»M 
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(tnelili. Hecause extensiv« areas of »alt land stretch inward from t In* const, the 
species occurs much further inlaiul than was formerly supposed. I^ii-vae have 
Iwen collected 70 miles inland front tlie State of Paraiba and ICO mile» inlnml in 
Pernambneo. In these localities, tiny breed in ditches, pools, or overflows from 
rivers in which tins water is brackish due to the lieavy chloride content of the 
»oil. Coastal breeding goes on in waters ranging from 0.117 to 33.345 gm. 
chloride |»er liter. This variation is due to tides. Inland, the variation is less 
extreme, ranging from S.733 to 2i).835 gm. |ier liter. The concentration at any 
one spot, is usually greater in summer than in winter l*rau*e of evaporation. 

Tlie adults enter liouses in large numbers, being in greatest concentration 
betwee.i 10 p.m. and 10 a.m. They have a strong preference for human blood 
and will attack man in buildings during tlie day and in tlie open air. In those 
localities where it shares a range with .4. albitarns, A. aqwnali* is most num- 
erous in January' and February, A. albitartit, in October. 

Anopheles OQMMOIU occur« in Nicaragua, Panama, tlie Lesser Antilles, 
Trinidad, and on south into Brasil. It is a widespread vector. Favorite breed- 
ing situations are brackish lagoons and marshes and tlie irrigation water in o|ien 
KeMs. Strictly fresh water is avoided, hence the species is usually limited to 
coastal situations. It breeds in either sun or shade. Adults may fly as far as 
3 miles. 

AMfatofc« AWJflteiv—This is one of the most unusual of tlie vector specie*. 
It ranges from Trinidad ami |Mits of Venezuela into Brasil. Kggs are laid 
ami larvae develop in the water found in certain species of bromeliails (wild 
pineapples), which grow epiphytically in the branches of the immortelle trees 
I tigs. 24 ami £»).   The adults attack man with avidity, both day ami night. 

In survey work, the larvae are collected by breaking; the plant loose from 
the I've, on which it is growing, and by dumping the water into a pan. Larvae 
which adhere to the leaves are washed off by means of a pipette. Spraying 
the trees with copper sulfate under high pressure has been used to kilt the 
bromrliads. 

Bromeliads of the genus Grwtm» «re more typical of the dry, canopy 
stratum, while specie* of the genns 0*S*MMM occur chiefly in the lower shade.'• 
The latter type has only a small reservoir far holding water (about M) re). 
Amtpkelea kamumeulm; a doubtful vector, shows a strong preference for these 
Knaul, while A. hettmt*r favors Omvitim, the capacity of which may exceed 
•OOcr, 8wdiforawarerefemdtoasnank"liroawliads. 

jftananMea ehsrsaajsj.—This species is recorded from British ami Spanish 
Honduras, Ousts—Is, VeueaueU, coastal British Gnieaa, Brasil, and northern 
portions of Aigiawi—- As a vector, it is especially important south of the 
Equator. The larvae, which prefer shade, may usually he found among debris 
and surface vegetation in fresh marshes, lagoons, and overflows. Water- 
hyacinth (£fcAor**e) and waterlettuce (Pütt») frequently shelter tlie larvae 

urf*SMaanr UrBart. C. a. nttuSrU*. IM«. ■■>>«: MalrU-BW—tUmtm aaJ BfiauU»* Aaa- 
^TSBMB**,  IvW.I. 
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riatHt *».—I 
Atnpkrlr» 
K«ua*if km > 

IIWWllll atta<a»4 ta It», ■ tfvtral 
Djrer   «ad  KMb.    (Cwwtaap  a< 

at A. darUngi. Thi» it a domestic specie*. TW* «Units invsde bowe» BIMJ »how 
■ pramMB for hwrosn blood. 

AmmpAeto dmrtingi » the chief victor in the district of Campos, Stale of 
Bio de Janeiro, Brazil." Sarvey» have shown 6JJ percent of captured fteneaM 
to contain ooeyeta, as oppoatd to 8 peieent tor A. mtbitmrn». Bporaeokw were 

1 in A.Jmriimfi only, to the extent of 4 percent. 
Amafäth» §mmUm*—This apcx^aww believed ertmct in Sooth Aamvn, 

M an Africa« specie* which was accidentally introdnced into the New World 
and bacon» leaponnihle for a meat deal of malaria in Braail between 1 WO and 
1940." Systematic eradication MMM aeconipliahed ke oKawnation. It k 
an adaptable species, breeding in either nan or «light shade, and scents equally 

■Caatlaka. J. O, »a* BtettolM. I.: CaatiOaUi pan • 
■Mal   A inaaian   <JT»Mar*»araa») Jarflml Saat. Ma  Caaeaa, 
QtwaMa Cms «3: MM rtamawy IM». 

■ aaaar. rrr§ U, «a« WSnaa, D. Bnjar: .«aaaartr» fntar la 
, IMS. 
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%t home in poddies, pool«, «hallow pond«, burrow pit«, hoofprint«, ditehea, i 
Bain htnda, ctaterna, and other peridonwatic container« are i 
The adtdta prefer human blood and are Httuallj abundant in hut» 

Amttfktits fmmkime waa fin* diaeovorcd in Hnuril in March 199A." TWa 
pnraaita rate in thaac moeqnitoa waa 6» percent, including a sporoanito rate of 
•0 parent. An intense malaria epidemic soon «track nobtirnan Natal. Dry 
aaaaom rawed a receauion in breeding activities for a few yearn, but normal 

" 111 afcaMM. B. C.: Brtrf HMarj •* iMfMa »mlIn la 
lav-ua, ion.  «Mr. TN». DU. ML «•: an. J«*J itu   <i> 
«■Bull,  O : Dry «■»■■■ Otaamtteaa oa lk> Africa« llimlll, 
10M.   Aa. J. TM». M. N: Ml-OK, aijlwair IM» 

CHM—•  Ma* J.  4: 
K. C. «a* CMW Da 
■nU«. la Braafl la 
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mi 11 fill I in MM reversed t his trend, iiml in UKlNnnd l!Ktt».a total of 14,0IN> deaths 
from nmlaria were. rc|>orted, chielly from the Actt, .Mo**nil, and Jaguaribt; 
Valleys. Tlie Itru/.ilian authorities at this |MMIII requested aid of the Rocke- 
feller Foundation, lty cno|M>ralive effort of the Koiiiulntion and tin- Yellow 
Fever Control Service of Itnixil, complete cntiliciition was effected in 19 
months, from .lannary liKM». TIM> lust liviiijr s|ieciiiieii was found in Septem- 
U>r VMM. The entire 11*1 of this aehieveiiient was in the vicinity of approxi- 
mately *•_' million. 

An extended und fully documented aeoiint of the joint activities of the 
I'.S. Army anil the Itni/.ilinn tiovcrnmetil in ivhilion to the problem of .1. 
ytiiii/iiiH ,s shows that IIIIK'II anxiety existed and that priN-cdiires were not al- 
ways what they shiHtld have been: however, that .1. i/muliitw ilid not again 
establish its resilience in the New World is distinctly to the credit of all con- 
cerned. A brief summary of the manner in which llie problem was handled 
follows: 

Aiio/ihtlix ff»111'>!<"■ had lieen eradicated in Itruzil, in 1!M<>. In 1!»42, tlie 
air tniflie across the Atlantic became greatly augmented, therein vastly increas- 
ing lite danger of a second colonization in the New World. Increasing num- 
bers of specimens began, in fact, to be found on newly arrived planes. There 
was some i|tiestion as to accuracy of idemilie«lion in all cases, and proof of 
living s|>eciiiiens seems never to have been certain, but tlie |>os*ilnlily of a 
second establishment nevertheless loomed ominously. In an *tleui|tt to prevent 
this, * program was instituted by which all aircraft arriving from Africa 
wem sprayed at once with a mixture of pyrethmm, carbon tetracliloride, and 
kerosene.™ 

Tliv added complications of military travel sfion led to a cooperative pro- 
gram administered jointly by tlie I'.S. Army and Brazilian autliorities. In 
this program, the use of Aerosol bomb« became routine (except at tlie liret open- 
ing of tlie doors). It was «leiiHMistrated that the spraying of the airplane« 
in flight had no supplementary value, as most of the insecticide escaped through 
the tail. In 1*43, the ITA author it ies adopted the policy of carrying out sani- 
tation proredurea before departure from African airfield*. The justification 
for such routine is made abundantly clear by the insect counts at Brazilian 
airports between October 1M1 and December IMS. Belem, Fortalesa, XalaJ, 
and Recife were the bases concerned. A total of 352 specimens of .1. yamhiae 
warn collected at those points. These wen carried by 1:16 of tlie l\±Jl» land- 
plane« and by 16 of the 831 frying boats which landed during the 4-year period. 

In January IMS, it had been made mandatory for all incoming pilots to 
keep cabin windows closed, and canopies down, until their plane» were 

•«•MMIFI. p. 123. 
*Cara*4n> a> Mrmtmmr: F., • »* Crrqarrin. !f. L.: lamta »u4 Otbrr ->r«liri.|iii<ii Caataml Inr 

ihr KfaiMlaa Saallary Srnrlfr m LaMbSam ar Piiaatian Arrtrlm» la Brart »«Ian« Jaaaary IM] 
mm4 Danaatof ltM.    ■•». oa*. aaa. nua. M: 22 -*», Jiaaarj 1H7. 
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spraye»!." Some violations »vrrr inevitable, however. es|M-ciall,v in the case of 
pilots who were in ignorance of the regulation, or who, not tvuli/.ing its im- 
port ance. attempted to improve visibility for taxiing by nmnipnlat ing win«lows. 
Investigation by » s|iecial commission towtml tlie eml of |!U:> resulted in the 
conclusion that sprayiiiir alone, sit lukn.lF or arrival, <li<l not give sufficient pro- 
tection toSouth Auierican |mns. The commission therefore recoiinm-iiiled that 
measures sltotiM lie taken to ivniler the West Afrirun airfields wholly free from 
.1. ifilinhiiif. 

The War lk>pnrlineiit, no onlinijrly, assigned si nmlariologist, together 
with appropriate mosquito coin ml iM-rsoiiiiel, to the Middle Hast theater for 
the purpose of coordinating mosquito control activities in Senegal, Liberia, 
Nigeria, and the (told Coast. Sixteen officers and ninety enlisted men made 
up the group, lie fore this group arrived, the I'an American Airways-Africa, 
Ltd., and the U.S. Army authorities in West Africa had Imsetl their program 
oil «lie assum|itinti that the flight rang«' of .1. ijumhitw is rarely in excess of 1 
mile. Investigntions l>y llie new group showed, however, that the essential 
factor in dis|iersal was not the flight range of the mosquito hut the inlliience 
of prevailing winds. In some instances, it became necessary to deepen the 
control zone to more than 5 miles to counteract this. 

The «legres of success achieved at tlie several airfields was not. uniform, 
due to the great difference in terrain. In Liberia, for example, the location 
of the airfield in a jungle clearing, close to native settlements, forced reliance 
chiefly on malaria discipline. In Senegal, improvement was effected by re- 
moval of activities to a more healthy site where control procedures could be 
more affective. At Accra, an extensive system of drainage ditches was de- 
vised, and although far from being complete«), this system had so reduced the 
breeding of -I. tfnmbine, by July 1044, that Brazilian officials expressed com- 
plete satisfaction with the results. All things considered, the program was 
and is highly effective as insurance against a |M<ssible second invasion of the 
Americas by «me of the world's worst vectors. 

AmtßktUa ßamifmmtilßrmDtn. This mosquito lias a wide geographic 
range. It occur» from the south-central United States to Chile and Argen- 
tina and is recorded from Grenada, B.W.I. Tlie larvae prefer sunlit waters 
and may bs fonnd in clear seepages, paddles, pita, pools, streams, and springs. 
An abundance of algae favors their existence. This species is a rector in 
Mexico, Argentina, Pmi. and possibly elsewhere. Adults enter houses ami 
feed on man only in certain areas. 

AntpheUa ptitdepimetipenm* has been shown by Harkett» to behave 
rather differently in various portions of its range. Sine« it breeds in the beds 
of hill streams when their volume is diminishing, it is well adapted to moun- 

» rirrrll, E.: TV .iMfMn tw*Mw rtaateai to BtaiU aa4 WBI Africa, 1M1 II. Sail. f.S. 
Alar H. Urft. 8: 11» IM. Frknarj IMS. 

« H*rt»tt. fc. W.: The Malaria af tar Aa4*aa Bralm at Saata Aawrita. RCT. laut. «alaa. y 
•afrraj. Ira». •: =3a> su, Pmailwr 1*43. 
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tainous regions with a long, dry season. During Hood periods, it survives in 
secondary breeding spots, at lower levels. The species reaches its greatest 
altitude in the Cinti Valley. Bolivia, where it 1ms been recorded from 8,500 
feet. In most Andean countries, the incidence of malaria ap|>ears directly 
correlated with the rise and fall of .-1. p*rudapunct»/M'iiniii, but in Colombia 
malaria transmission is slight at higher altitudes, even when .1. p*eudopuneti- 
pennia is common. The same is true for Central America. This suggests 
geographic races, which Vargas - has attempted to distinguish. Variety 
typku» is believed to have lieen described originally from Grenada, B.W.I., 
rather than from (iranada, Nicaragua, as indicated by certain authors. It 
occurs in the United States, Mexico, Costa Ilica, Panama, and Venezuela, 
probably also in Argentina and Chile. It is a significant vector of malaria 
above 2,275 feet but only when present in large numbers. Variety frtmcis- 
canv* McCracken, which is found in the southern United States, is |ierhaps 
the correct name for the nonvector form of Central America and Colombia, 
mentioned previously. Variety boydi Vargas occurs in California, triUardi 
Vargas in Mexico. 

A new variety of A. ptevdopwnetipennis, Anopheles pseudopunctipenni» 
patenoni, has recently been described from Tucuman, in Argentina. The 
distinction is based on characteristics on tlie ova." 

AmmphtUw mmmetimmemlm.—The species is found from Mexico through 
Central America, into Brasil and Peru, and also on Trinidad. Breeding 
occurs only in well-shaded pools, swamps, and sluggish streams. The adults, 
which are abundant in undrained jungle, are strong fliers and invade liouses in 
order to feed on man. So far as is known, rectorship of malaria is limited 
chiefly to Panama. 

Zoogeographie subdivision* 
Lane " makes use of soogeographic subdivisions in discussing the distribu- 

tion of neotropical anophelines. The Cariba center involves Venexuela and 
the Guiana*. The Incask center includes the Andean region from Panama 
to approximately SO* south latitude. The Central Plateau area lies in interior 
Brasil and is the source of streams which flow in many directions. The Seem 
anas an aosnewhat isolated in the mountainous portion of Eastern Brasil. 
The Topi center extends along the southeastern coast of Brasil from Benin 
nearly to the 30th parallel. The Chilean center is confined to the northern 
two-thirds of Chile. Tl» Patagonian centers an in the area west of Buenos 
Aires,   Anopheline mosquitoes tend to migrate southward from the Cariba, 

* VarsM. U: P—HwiHwi mart rf Ciial'i» «VI A»tp*rlrt pttmtmmmnttlptmmiw. Sir. last. 
MM», r itm. If»».    •: StS-STO. Pwtw IMS 

" Altana», C. A., ul WrtrM». B L.: Onniilum ntn •■• nm TariaaM aw Amtmartm 
(A ) »»raaaaaartlaaaala TamaaM Itai. wnatrea* ca la Bfortocta *e l»nn Am. laat. —A. 

lagL    2: TS-Tft.  Xiniiui  1MT.    Atartr. Traa.  M«.  Ball.  «S: It*.  AarU IMS, 
«laa*. laaa: AaaaaaUan at Uw Baatiaafcal MH. /a Maatrtolio. rdltml ay Mara r. Bar«. 
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eastward from the Im-asic, northwesterly from the Titni. .mil eeittrifiifrnlly 
from the Plateau and l'atngiinian renters. The Scot and Chilean are. nega- 
tive areas; that is, they receive species from elsewhere bill do not <lis|>ersc 
them. 

Using these terms, the distribution of the vectors here concerned is 
descrilied in table 16. 

TABI.K.   Hi.— i)i*lribution of »mjnr »iimi/nito rreUirn hif zinwnyrnpltic Kulmlii ixittM* in Iht   urn- 
trupittil ni/iott 

Spi-cti* T)-|N'oflwsiHty IC:m|fr 

A. alhi Hianiu........ Not definite 

A. tilhitnrti*        —do_ 

A.aqini'nli'   do. 

A.MIatar .    .  .       . Trinidad, It.W.I  
.1. darlingi . .. ..    Iti« de Jam-in», Brazil. 
A. t/)int)nnc  j Africa _ 

A. p»rutlapMitriiptnni*.. , <irennda, H.W.I. 

A. pumrtimacHhi. Colon, Panama. 

Central   American   and   Incicic 
center* and Wot Indies. 

All  renters cxrc|»t  Chilean and 
Men. 

All   centers  except   Cliilean   and 
Hern.    Occur*    in    Windward 
tiroiip, l^ffer Antilles. 

Carilui an<I Till»! centers. 
Widespread in iicotropic*. 
Eradicated from northeast Hraxil 

in I!» 10. 
Mountainous   |»rtn   of   Central 

America,  Carilw,  Ineasic mid 
Chilean    center».       (Abo    in 
North AiiH'iica.) 

Widespread,   twit    aitscnt   from 
Plateau, Chile, and Pal mimic 
renter*. 

Secondary vector» 
Besides tlie principal vector», just discussed, the neotropical region in- 

cludes a number of additional species which are believed to convey malaria at 
times, especially when abundant. 

Gabaldon " recognises as secondary or minor vectors, Ano/theh* cmcian*. 
A. grabkami, A. ee»titipennU, Anopkeh» rtxmri, Anopkefc» nuReg-for^ri GH- 

hmUon, AnofkeUm triatmmimhu, and AnopheU* erwti. All these have at one time 
or another been found infected in nature, but it is believed t hat, if these species 
wen to be eliminated, the total amount of malaria in most kmilitre« would 
remain the same. To these vectors, one might add .4. A«WH «»WWN*,** a bromelisd 
breeder, somewhat similar in habits to A. bettator. 

Malaria IHUHH la tk« W««t IB«MI aa4 Saatk AwrW     1» Malartokor. 
wAbti hx Mark P. H»jr4.    PkUaaMHäa: W. R. Saaafen CV. IMS. ml. I. a». TS4-T8T. 

■Dt.«. WUbar (1. mmi PHtMdrick. Colla 8.: Malaria Traa»atlttcd kr Bfaaa-Haa-Brwala« 
AMfbHIar». /a MaUrW.«j, «Hted kjr Mark V. B»j4. PkllaMafcU: W. B. Saaarfen Ca., IMS. 
Tal. I. aa. 73S-M8. 
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Anopheles pcmotti Galväo untl \»\\v is considered a secondary vector in 
Dmzil, along with A. tilbitnr«ln." Anophe.lv* mini!-* is als» u possihlc minor 
vector. 

Effect  >f Military Occupation on Malaria Potentialities 

Incivuse of mosquito production due lit alteration of the terrain by coinlmt 
was, of roiirsc. no fni-lor in these areas. Similar problems arose, however, in 
connection with the. luiililinj: of roads, landing fields, and port facililii's, where 
excavations and other nianmade impoundments due to engineering activities 
remained to be lille«l by sulisrqnent rains and llius became |x>tential mosqiiito- 
hrecding situations. In some cases, incidence of malaria among troops was 
traced delinitely to such conditions, and their correction brought aliout marked 
improvement  in malaria rales. 

Deliberate, improvement of terrain either by the military alone or in coop- 
eration with native governments was carried out in the vicinity of practically 
every installation of any size. In most places, a sulistantial reduction of 
mosquito vectors resulted. K.\cc|>tions occurred where an attempt was made to 
n|>|>lv general measures without knowledge of the hiology of sj>ecilic vectors. 
For example, no amount of nil cut ion to salt marshes could possihly affect the 
breeding of A. Mhttor in epiphytic hromeliads. 

In general, it may he said that the longer U.S. troops remained at Carib- 
bean and South Atlantic bases, tlie lower did the incidence of malaria vectors 
in the vicinity of such points become. This was especially true after malaria 
survey and malaria control detachments began to function. It is significant that 
the bulk of such accomplishment took place before tlie general availability of 
DDT. 

Two piMsihililies existed regarding tlie enhancement of the gametocyte 
reservoir. Assuming no essential change in tlie concentration of nat ire popula- 
tion, one has merely the problem which results through infection of troops and 
civilian newcomers from the endemic reservoir. To the «tent that new arrivals 
become active cases and eventually carry gametocytes in their blood, these cases 
add to the local reservoir ami increase the possibility of epidemic manifesta- 
tions. Under routine military procedure, however, such cases were quickly 
diagnosed, hospitalised, given drug therapy, and though not necessarily cleared 
of all infection, rarely carried the gametocyte form of the parasite after return 
to active duty. Suppreashe At »brine therapy particularly tended to eliminate 
gametocyte forms of Planmodtum viwue ami Pimmudhtm mutlariae. 

The second aspect of the problem, and the more important, relates to the 
conrentation of native labor for the carrying out of engineering projects. Such 
labor is often recruited from scattered areas, including some relatively remote 

"DM**. 1» M., Caawjr, O. «.. aM Daw, it. P.: Statfb* »a SnudUai Aaoekrilan frwa ta* 
Narttxa't awl ASM»« B>SM»>. lUltlawrr : Ta» Jitfcaa Iloffetan ITaWrrvlty PIT», February ISM. 
|Tke Amir*** J—nml •/ Hftttmr NNompi Scrim X«. ID.) 

» Brjr, H.: Kertata •> iwin« roBortanfc-ain« m+rr raetitm •> awlarla ra CM—Ma. TMrftta- 
an aaan Malaria 11: 9»-», Mart* aa4 Jaar »MT.    AkMr. Troa\ Ha. Ball. 4ft: lafta. »martir 1S48. 
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points. In !rr>|iit'iil ivgions. a i-ertaih |M>ivc)itagc of these |x>rsons is almost 
certain to be malarious, «ml a lesser percentage actively in feet ire. If a vector 
is present, these gumelocyte curriers net ic a seedlie«! for infecting tlie entire 
laltor camp, ami a sharp rim in tlie malaria rate may lie expected. The results 
are serious and manifold: (1) The efficiency of the Inlmr camp is grenlly reduced 
l>y reason of the hospitalized rases; (i) the hospital and dis|ieiisai-y ncrvices «if 
the has« or installation may l>e si rnintHl !»v I lie double load of milil uy and 
civilian cases: (3) laborers who lire not too ill to work may nevertheless be 
gumetocyte carriers and thus contrihnle lo tlie further spread °f infection: and 
(4) many mosquitoes then have access to •muielm-vfc carriers which would nor- 
mally have bitten either normal or noninfective |iersons. The nnmher of in- 
fective anoplielines in the vicinity of military personnel thus liecomes tre- 
mendously increase«!. 

All this can take place even when first energies are devoted to terrain 
improvement with a view to malaria control: that is, while ditching, tilling, 
ami Die installation of tide gates are in progress. Much trouble can lie fore- 
stalled, however, if less ex|>ensive control procedures are practiced in the begin- 
ning. These include administration of prophylactic chetnotlterapy to all 
exposed persons, larviciding of obvious mosquito-producing areas, screening 
and spraying of barracks, and use of rejiellents in the Held. These are tlie same 
procedures which constitute the total ami permanent program of installations 
too small in size to warrant large-scale engineering procedures of an expensive 
nature. 

While tlie* precautionary measures are in operation, moxqnito and parasite 
surveys should be continuous in order to evaluate their efficacy and to form the 
basis of recommendations for expansion, modilication. or almmlonment of spe- 
cific practices. In tropical America, as in other theaters, personnel qualified 
to conduct stich surreys were not available in organise«! groups (malaria survey 
detachments) until long after most installations had been folly developed. 
Military engineers, in «»operation with civilian health authorities, did com- 
mendable work, however, In keeping the incidence of malaria among troops and 
civilian laborers at a dcsiralde low point. 

Part II. Experience in South Atlantic Command ** 

Because the areas in the South Atlantic involve different latitudes, alti- 
tudes, and especially different rectors, these subjects will be discussed under 
separn te command*, and subdivisions. 

EXTENT OF COMMAND 

The South Atlantic Command was activated on 34 November 1942. It 
included Brazil, 1'arnguay, and Uruguay, and extended from Amapa, Brazil, 

• SM fartMtc «, a. 1»    Thl. ««aawat. comrla« BtoMeal MUTUIM la Ike SMta Atlaatle, ka> 
to*« ax*i wMelj •■ • «Km fur tat» urtlia. 
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to Montevideo, Uruguay; that is, froi» 20° north laiilutlu to :LV south latitude. 
Tlie most westerly point was Asuncion, Paraguay, the inosi easterly Ascension 
Island, Great Britain, l,4.'l7 miles east of Natal. Then- were no U.S. Army 
facilities south of Bio tie Janeiro. 

Nine stations were established. These were located at Ama|>ä, Deli'-m. .Suit 
Luis, Fortaleza, Natal. Recife, Dahin, Fernando de Noronlia (Brazilian Penal 
Settlement), and Ascension. Belem and Natal (together witli Ascension), 
were the principal hnses in connection with the ferrying route. Then« were no 
tropical disease problems at Ascension Islaml. hut at all other stations, .-ei ions 
hazards existed, malaria among them. 

PREVALENCE OF MALARIA ON BRAZILIAN COAST 

In 1940, malaria had ranked third as a cause of death in 1 Vmnmlmco, wliere 
it caused 4.5 percent of all deaths. U.S. Army surveys of native |M>pulations 
disclosed indices of |>ara*itemia, ranging from iK'M to H.4 |M>rceut. Vinur infec- 
tions outnumbered f<rfri/ntntm infections live to one. Civilian efforts at control 
were somewhat hindered by lack of funds. Also, division of responsibility 
between the Brazilian National Malaria Service, the Service Nacional de Febre 
Amarela (Yellow Fever), and various local health agencies sometimes made 
concert«! acti<Mi difficult. 

Malaria was endemic in the vicinity of all U.S. Army installations in Brazil 
but was particularly prevalent around the airbases at Bek»m, Natal, nisi Recife. 
The average annual rainfall along the coastal area is given as 60 to 70 inches, 
the average temperature as 87° F. 

Because of the great importance of keeping men and materiel moving to 
North Africa, tlte small service force in the South Atlantic had to be maintained 
in a high state'of health and eSciency, and rigid malaria control measures at 
all bases became a necessity. 

A malaria 'control training program was instituted early in the history of 
the Sooth Atlantic Command. Because of the possibility of transfers, malaria 
discipline was taught at well-sanitated bases as well as elsewhere. Flight 
surgeons were required to brief transient crews on malaria and its control. 
Antimalaria paster« wen distributed, and a circular letter was used to instruct 
transient psrsohnel. Film strips were nssd for instruction, and the malaria 
training film, tF 8-OAS, issued in IMS, was shown at movie theaters. Son«' of 
them theaters, it should be mentioned, were of the open-air type, hot no cases of 
malarin were ever traced to them. Strategie spraying of movie areas at Recife 
by the 202d MSD (Malaria Survey Detachment) was doubt lew n desirable 
precaution. It is to the credit of all concerned that no significant disability 
among the troops from malaria ever existed and that serious cases of malaria 
within the Command were very few. All evacuations of patients, between June 
IMS and 12 October 194&, inchaded only nine cases of tertian malaria—four in 
1943, four in 1044, and one in 194&. 
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Protection, by suppressive medication only, gave reasonably siitisfiirlory 
lv will is «tinier some conditions."' Fur tlie. duration of I lit» wnr, Brazilian troop« 
wer« stationed in various towns and village» along the coast in the State of Säo 
Paulo, where malaria is always endemic. Both mepacrine (Atabrine) and 
inetoquine (quiimcrine hydrochloride) wen» used. Heavy dosage, for ."> days was 
followed liy continued weekly iidministnitioii. During the :S-year ]M>riod con- 
cerned, only 517 of 4,112 officer*, and men contracted malaria, a liguiv equivalent 
to I).!) |*?reent. A much higher malaria rate prevailed in nearhy cantonments 
where drug prophylaxis was not in force. 

Sim1« many A. tar*imaculntm (A. IH/MIMIH*) and A. aJbitar*ig were col- 
lected in the bar racks and 11,142 cases of malaria were recorded from the civilian 
p<»pultition with which the soldiers were associated, the general good health of 
tliese particular troops may lie said to have de|iended u|>ot» the suppress!ve 
medication program. 

SUMMARY OF ADMINISTRATIVE HISTORY | MEDICAL) 

Earliest medical reports from this theater of i»|M-mtioiis were informal 
oominimicnt ions from two officers of the Army Air Coqis Ferrying Com- 
mand, ('apt. Fred A. Ileimstra. MC, who was stationed at Natal, in April 1942, 
and 1.4. Francis M. DiMigiierty, MC, who assumed duties at Belcm in May 
19 42.    Malaria, was |>ointed out as a major medical problem. 

With the activation of the new command on 24 November 1942, Wing 
Headquarters were established at Natal. Brazil had entered tlie war as an 
ally on 22 August 1942. Lt. Col. (later Col.) George K. Leone, MC, became 
surgeon, with Capt. (later Maj.) Millard K. Smith, SnC, as sanitary engineer 
and malaria control officer. On 2 December 1942, Maj. Harold F. Funsch, 
MC, assumed the duties of Wing Surgeon. Colonel Leone continued to plan 
the development of the tlieater medical service. Brazilian Armed Forces were 
available for home defense, so that tlie main function of the UJS. Army forces 
in that country thenceforth was to provide logistic sup|>ort to the activities 
of the Air Transport Command. 

Recife (Pernambuco) was selected as the site for concentration of medical 
activities. For malaria control in the environs of Recife, the services of tl>e 
Division of Health and Sanitation of the Office of the Coordinator of Inter- 
American Affairs in Rio de Janeiro were requested ami obtained. This 
group had already accomplished good results around the I'A Army Air 
Force installations at Belem. 

Recife ah» became the site of general headquarters for the USAFSA 
(VS. Army Forces, South Atlantic). Brig. Gen. (later Maj. (Jen.) Robert 
L. Walsh, previously in command of tlie South Atlantic Wing, took over the 
additional duties of commander of the USAFSA.   To avoid confusion of 

•CMS). I».: KipMrm** >»r U  riüai Warna« jfcxk- 4a  aalaalaaw mu BiMI.    Bali.   DM.  aatfc. 
•art. «3 : is» 171, ISM.    Ak.tr Trap. Uta. ItaS. 4T: 3ST. Mara* ISM. 
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res|*>nsihility in medical mutters, (ieneral Walsh utilize«! tin- I lientIT surgeon, 
Colonel I*eone, in the added capacity i»f surgeon for the Air Transport Com- 
mand. Colonel I .«one Iwtinie ((iialilied for this dual rmiclioii by attendance 
at tlie course in aviat ion medicine, at Randolph Field. Tex. 

This arrangement continued in effect until May 1045. Redeployment of 
V.!1). Army forces had hy then greatly increased aviation medical problems, 
and the Air Transport Command, in executing the "fireeii" and "White" 
projects,31 once again began to operate its medical service without reference 
to theater headquarters. On 25 July 1945, Lt. Col. Joseph Xngle. MC, was 
designated as Division Surgeon, South Atlantic Traiis|M>rt Division, Air 
Transport Command. The theater surgeon tenqiorarily retained res|M>iisibil- 
ity for theater medical problems not strictly related to aviation. After the 
defeat of Japan in August 1045, steps were taken which resulted in the trans- 
ference of all medical res|M>nsibilities to the Air Transput Command by the 
date of closoout for the South Atlantic theater. This took place on .'11 October 
1045. 

Tlie table of organization for Headquarters, Medical Section. I'SAFSA, 
was approved by War Department letter, «tatetl '21 Septemlier 1943 (chart 
7). As of 31 iJecemher 1043, the staff included Capt. (later Maj.) Gna R. 
Ilerzik, Jr., SnC, Sanitary Engineer and Assistant Medical Inspector; Capt. 
Millard E. Smith, SnC (duty status from South Atlantic Wing, Air Trans- 
port Command), in charge of malaria control work: Capt. Jacob M. Ilenson, 
MC. Tlieater Malariologist, in charge of dishiseclizatiou of aircraft and liai- 
son officer with Jlie Brazilian Port Health Service: and Capt. Sylvan» X. 
Land is, MC, in charge of the tlieater laboratory. < )f t his group, only Captain 
lleraik remained to be listed as of 31 December 1044. Ca|Main Landis was 
replaced during the year hy Capt. (later Maj.) Benjamin M. Kagan, MC, who 
served as liaison officer as well as tlieater lalioratory officer and epidemiologist. 
Major Hrrzik was replaced by Maj. John E. Vogt, SnC, on 27 March 1045. 

ORGANIZATION 

Malariologist« 

The special malaria control organization of the Medical Department of 
the Army was established in 1942." A chief malariologist was appointed for 
each theater of operations in which malaria was a problem. Capt. (later Lt. 
Col.) Everett W. Ryan, MC, served as tlieater medical inspector for the Smith 
Atlantic, until the appointment of Capt. Jacob M. lionsnn, MC, in 104.1. 
These malariologist- both planned and supervised tlie control program for 

•TW "Or*** Flan" arovkM for the rr*>|4»>Meat «tt tnm|w rroaj Kumar t» the falte«' Stain 
ajr air. l*n>Tlal»a «as aw4* tit traa«i».rt nppnxlautHjr MMm trmta« t»r aMriitk. «f wktr* bait 
waaM traral la« Saatk Atlaatle Rnatr.    Ta» "WMtc ttaa" aertala«! la Ihr retara M almaft. 

"Malaria Oatral Ontrn« tXrwa «aal r<aar>ti, BMU. U.S. Armr M. Itpa«. 4: HI W, N». 
Tvakar IMS. 
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their respective areas and served as liaison officers lietwecn Held units and 
higher headquarters. Effective f»nution in the lieht dates from February 
1948. The total personnel !>|>ei-ilicnll.v designated lor malaria control over- 
seas, by the end of the war, included approximately :$45 officers and -,330 
enlisted men. 

Sanitary Corps Activities 

Sanitary Corps officers were used as sanitary engineers, malaria control 
officers, assistant medical ins|iectors, laiiorntory officers, and administnitive 
assistants. All these functions, especially the first four, related more or less 
intimately to the malaria problem. Tlie services performed by 2d Lt. (later 
("apt.) Irving E. Linderman, SnC, Commanding Officer, 57th MCD (Main i» 
Control Detachment), may be cited as an example. This officer, with his 
detachment, ie|H>rted to Headquarters, I'SAFSA, at Kecife on 3 December 
1943. Because the greatest problem in malaria control existed in the Belem 
area, he and his unit were assigned to that station. The unit engaged in 
malaria control activity at Belem, Amapu, and Säo Luis. Inasmuch as Cap- 
tain Linderman was trained as a sanitary engineer, it was decided to utilise 
him as a, consultant in this field whenever his duties in malaria control work 
might permit. In this <*Hinection, Captain Linderman was appointed assist- 
ant liase medical inspector at Belem, 17 February 1945. 

A request had been submitted to the War Department on 17 November 
1943 for the services of a malaria survey unit. On 15 April 1944,2d Lt. (later 
Capt.) Herbert T. Dalmat, SnC, and 2d Lt. (later 1st Lt.) Aran S. Johnson, 
SnC, reported to headquarters. Since the principal anxiety in the mutter of 
malaria com rol related to the possible rcint rodnct ion of A. gambiae into Brazil, 
Lieutenant Dulmat was assigned to Natal, as aircraft disinsectization officer, 
to assist the Brazilian authorities in tlie treatment of airplanes arriving from 
Africa. Lieutenant Johnson, an entomologist, was retained at Kecife, until 
the arrival of the 208d Malaria Survey (later designated the 203d Malaria. 
Survey Detachment) on 3 July 1944. He was then sent to Belem and was 
attached to the 57th Malaria Control Unit which was doing survey as well as 
control work and could well utilize his services. 

The activities at Natal were very important from the standpoint of 
Brazilian -I T>J. relations. It became necessary to make the officer in charge 
directly responsible to the Commanding General, USAFSA. 

History of Malaria Survey and Control Units 

M2d Malaria Sarray Drtaehawat—The 202d MSD was activated at 
Camp Ellis, 111., on 10 December 1943, in accordance with General Orders 85, 
Headquarters, Camp Ellis. Enlisted personnel were drawn from various 
casual detachments at the camp, except for three laboratory technicians 
who were assigned from Fort Sam Houston, Tex. Capt. Rupert L. Wenzel, 
SnC, and 2d Lt. (later Capt.) Leon Jacobs, SnC, joined the organization on 
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13 and 17 Januar}' 1944, reflectively. Captain Wenzel left tlie unit «HI 24 
October 1W4, and Cn|>< ain Jacobs assumed command. 

The unit received some preliminary training in ('11111(1 Kllis aiul then 
proceeded tu Camp 1'laiiclie, IM., where it received s|sviali/.<il malaria train- 
ing frimi 1 March to 20 April 11)44, and arrive«! in Kecife «HI '\ July 1944. 

After Hi «layit of «pinrantine, the «letaehment's euliste«! itcrHonnel were 
attache«! to the 200th Station Hospital for rations and «piarters, while the 
officers were quartered with Hea«kpiar?ers, USAFSA, officers. 

The 202«! MSI), like the 57th MCI), was assigned a theater function, and 
cam:' under Ileaikpiarters, USAFSA, for i)w major part of its atlministralion. 
only minor details being subonlinated to the laise command. In addition to 
tlie theater fiui<'li«Hi of malaria survey work, it was charge«! with malaria 
c«HHrol re»|KMisilHlity in the Kecife military area, mainly routine larvk-iding, 
ditching, ami ditch maintenance. However, wlien opportunity permitted, it 
performed some permanent filling o|ierations. It managed its own survey 
work entirely. Tlie laboratory staff «lid mostpiito iikVntitications and blood 
«nirveys. In its theater survey function, it performed malaria surveys at 
Amapa and FortaWa and assisted in survey work at Natal and Helen». It 
performed experimental work on I>DT as a mostpiito larvicide and on an A-24 
airplane fitted for spraying DDT. Personnel of tlie unit also performed fly 
surrey ami control work on Ascension Island. The unit was inactivated on 21 
September 1945. 

57th Malaria Control IMadiMMt.—The aTth MCD was officially acti- 
vated in the spring of 1943 at Camp Pianola-, which was then the New Orleans 
staging area. Personnel to make np the organisation were assigned from vari- 
ous medical replacement centers ami pools. Tlie unit embarked at the Xew 
Orleans Port of Embarkation early in 1944 and arrived at Belem on 8 February 
1944. Personnel were attached to tlie 193d Station Hospital for rations and 
«psart era. 

The Detachment was charged with malaria control at the bases of Belem, 
Amapa, and Sao I^Ua. Usually two men were tuifieient to handle routine 
control operation« at Amapi, and the net remained working at Belem. It 
wan only necessary to send a man to Sao Lais oecaaionally, because of good 
control effected there by the Bnuilian National Malaria Service. At first 
tha nk confined itself to control work, obtaining its survey information from 
the SESP (Servico Especial da Binde Pifatiea). i«ter, in September 1944, 
with the aid of LJentenaat Johnson, who remained on temporary duty with 
til» detachment from September to December 1944, a larva survey team was 
ant up. The unit borrowed a microscope and did its own mosquito identifica- 
tion, although it still received daily reports from SESP. Enlisted men of 
the *8d MSD were placed on detached service with the 47th MCD in Septem- 
ber and October 1944, one at Belem and one at Amapi, to aid in survey work. 

The chief activity of the 57th MCD was carrying out temporary and 
semipermanent control measures. Larviciding, wherever larvae were found, 

«unr-a it 
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was performed regularly, ami stream training, construction of new ditches, 
ami the maintenance of old ours were also carried on. This work occupied 
the efforts of 40 to tM> Brazilian workers who were employe«! hy the JHK4 
engineer and supervised hy the 57th MCI). 

ACTIVITIES AT VARIOUS BASES 

Housing 

Ins|iection in July li*4ä disclosed that no provision had heen made for 
mesquitoprooting of buildings to be occupied hy iroo|»s. Ks|ieoially <o I« 
criticized were the loosely laid tiles whirl» formed the roofs of tlie one-sli.ry 
mortar, tile, and brick structures being erected by Brazilian contractors, Tlie 
very sat is factory screened wooden Ixiildings. on .-oncrete sup|M>rts, used in 
British Guiana, could not be duplicated in Brasil, because of lack cf lumber 
and other technical difficulties. ]{e|ieated protests ami considerable cor- 
respondence resulted in commitment of mosi|iiitopriioliiig either by cementing 
tlie tile or by copper screening tlie ceilings. There was a shortage of material, 
however, anil lroo|i* arrived liefore the quarters were completed. It was tliere- 
fore necessary to house some of tliem in tents. 

Transient |ien»nnel for whom transportation could not be immediately 
provided were lioosed in tents at Natal, and a "Tent City" «u established at 
Recife to give temporary «belter to transients, to overflow personnel, to 
prisoners of war, ami to survivors of disasters at sea. Most of these persons 
remained only a »liort period, but 140 permanently assigned individuals lived 
there for considerable time. 

Tent City was within a malaria tone, and the tents were not in any way 
mosquitoproof. Infected natives lived within flight range of tlie area, and 
suitable vector species were present. Repellents and mosquito nets constituted 
the only protection, and it is remarkable that only nine cases of malaria were 
determined as originating there. Since requested construction of mosquito- 
proof barracks did not materialise, these troops were moved into existing 
barracks regardless of the crowding which resulted, ft woo Id appear that 
malaria discipline among the permanently stationed personnel of the South 
Atlantic Command was usually satisfactory. Educational efforts to this end 
on the part of the theater surgeon were not lacking. Number live of the seven 
"health precautions," set forth by a War Department paster distributed 
throughout the command in November 1943, read as follows: "Use mosquito 
bed net every Bight. Use protective clothing and mosquito repellents if on 
out-door night duty." 

General Health Me—res 

Data on the number of malaria cases among UJS. Army troops in Brazil 
in IMS are inaccurate. Some figures will be presented in the sections on the 
individual bases.   Malaria attacks among command personnel in the Smith 
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Atliuil ir theater during; the year MM.! totaled VV\ raus, wiih :»i> of these recur- 
rences. Ihiiiinr 1044,1li«*re wen' "."» cases of wliirli ±1 wer«» m-uriviiivs. Front 
January through August 1!M5, liiere were .'Ml cases of which 1" wen* recurrences. 
Tliese (inures include nil fiws originating in |tei-inaiiciit personnel regardless 
of whether the disease was contracted outside the theater. The hreakdowtt of 
tliese oases j>er month is presented in laide IT. 

Since particular problems existed at I he various I MM*. further data ap|M>ar 
on euch one, individually, as follows: 

TABLK 17.    Total tarn» of malaria IN I'.S. Army form, South Atlanlir, ft;/ moaMi, January 
i»U .tMfHjrf \n\:> 

| Huh' *'\|ifv*»*'l a* iiiinil.f (if IH>« raw« |«T iiiniuni INT I^Mt uvcram* »trr»iitli| 

Month 
KtTW- Hill. Kivur- Rile Rnnir- Hale 

New tvht In»-» New ntit <ww Xi-w n-ht <IH'W 

-.._. CWIO HI»-* I flW*) 

January  3 II U.3 2 0 3 0 1 0 

Fefarimry .     ..   .   ... 7 u ja 7 2 » 3 1 2 2.3 
Marrh... ...   . .   .      33 II MIS 0 1 II 2 , «1 3.7 
April. . «1 0 4«. 4 * 0 ' » 1 1 2.2 
May..   -  .....      10 0 17.7 12 2 22 7 i 4 IS. R 

June  .    .  ,   12 3 2A.S 30 1 30 * 1 3 8.7 

Jnly.— .......   !    B 2 11 R 5 3 10 2 1 1 2.5 

August         « 3 II. 8 2 3 4 4  ; 3 4.1 
Hrptrmher. .--._.       4 4 S.« 1 2 2 
Urtoher        5 0 H.« 0 4 0 1 
Xov*nib»T-  i    4 7 1.1 1 2 3 i 
!X>»«««ber_. :zl" 1 4.8 3 4 ft 1 

1 

.1 

*al ile Cans Field was situated A miles outside of the city of 
Helena on the sooth side of the Kim do Peri (Guajare Hay). The airhase 
bordered this river ami the Val de Cam River. 

CIOM to the Rio do Pari in the low areas, there i» aiurh nmrsh and swamp, 
while the higher ground is covered by dense tropical rain forest. The prox- 
imity of the base to the flood plane, together with intense humidity and a 
climate which ia never dry and which has a prolonged season of heavy rains, 
all aided in producing optimum nioM|uito-breeding conditions. Rainfall aver- 
ages 119 inches per annum, of which 7ft percent falls during the Una « months 
of the year. Brackish waters of the Para River infiltrating in areas dose 
to the shore produce «mditions suitable for the breeding of .1. aamamit*, while 
set page and storm waters collecting in unshaded ifepmwions produce foci of 
the mosquito second only to A. evrtntof« as a malaria vector, A. iarlimgi. 

A report by Colonel Leone revealed poor malaria condition» at Helem in 
July 1942. Though malaria registers were not kept, the bawl medical öftrer 
reported at least 30 cases of malaria within tlie preceding £ months, among a 
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Iwtse |N»|tuliitiiHi of »I officers ami lid enlisted inen. There was no way of 
ascertaining how imiiiy of t IM» 25 to 50 u-aiisients per day who were passing 
through lilt- lielil acquired maiarin during that time. Om>-half milt» northeast 
of tin» closest l.S. Army barracks, there was located a Itni/ilmn Army |s*t 
when» no precautions against malaria wen» taken, with the consequence that 
the malaria rale (new cases only) among the Brazilian troops for the |M»riod 
April through July 1942 was jot» per I.IMMI »>er annum, ami for April only, 
always a month of high incidence, till) |M>r Ijmo per anmiiii. At the l.S. 
Army installation, meager control measures were heilig effected by the Imse 
personnel. These consisted of oiling singnant waters on the I wise with crude 
oil, and some minor drainage. Control was limited hecause of lack of adequate 
siqiei'visioii ami equipment. All ]>ersoiiiiel were required to sleep under mos- 
quito netting, and liead nets, gloves, and mosquito hoot* were worn by guards 
at night. Malaria prophylaxis, consisting of quinine siilfale—"ij. grains 
daily—or of Atahrine—t! grains (4 tablets) weekly was required. 

Kven during the dry season (frnn August to November) of IJH2. cases 
of malaria occurred aiming the small troop complemeiii stationed at lielem. 
Three cases of malaria occurred in August, and llie malaria im-iileiu-e was still 
high with 12 cases in October. Action was initialed hy tlie Oflhi» of tlie 
Surgeon, USAKSA. to inosqiiitoproof all hiiildings at tlie Imse at Helen, and 
to insure the proper construction of any additional barracks. Arrangenieiits 
were also made with Servian Especial de »Saude IViblk-a to carry on a treatment 
program of al I known eases of malaria among I he neighboring nat ires. Furt lier 
recommendations included extension of tlie drainage system. In t lie absence of 
screening, cloth was to he used for mosqiiitopmonng buildings; however, ma" 
much of this work was accomplish«!. Fortunately, not much jungle was 
cleared. In lliose places wliere this work was accomplished, at tlie ends of the 
runways—not for malaria control hut a« a necessary measure in the const ruction 
of the airfield—innumerable pools of water were exposed to direct sunlight, 
providing an ideal environment for tlie breeding of .1. i/#»/■/<*///. the worst vector 
of malaria in the area. 

Factors peculiar to the military situation contributed to a high rate of 
malaria in BeJem. It was necessary for airplanes remaining overnight to he 
guarded by military personnel of the command. These men were exposed to 
malaria-infected ntosnuitoN, which abounded in the grassy areas of the field 
where the planes were parked. Head nets, mosquito hoots, and repellent wen 
not always available for these guards; so undoubtedly many cases of malaria 
could he attributed to night art ivity. 

The SESP, a joint health project of the Bruilian Government ami tlie 
Coordinator of Inter-American Affairs organised during 104*2 at lielem, set up 
a program of permanent ami temporary malaria control measures. The per- 
manent measures consist«! of a vast drainage system and the installation of 
tide gates at the month of small streams emptying into the Kio do Pari. 
Larvicidal measures were directed principally against A. Jarl'mi/i, the most 
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ini|M>rtaiu vector in lleh-iii ami secondarily against . I. »«/I/I/*.///*. The viistness 
of the ixriiiHiifiit control program caused slow progress, lait I lit« effects of the 
hirviciding Is-came evident much sooner. In u re|Mirt lo the chief surgeon, 
•1 December 15)42, ("apt. Millar«) E. Smith drsrrihed the larvicidal work of 
SKSP as excellent. Paris irreen (copiier acetoarsenite) larvicitie (50-.'K1 jmris 
green anil kerosene, diluted with water at. the site of application um I dis|»ersed 
by knapsack sprayers) was used twice n week on the breeding areas. It was 
nntici|Niltil. however, that larviciding without drainage would be inadequate at 
the height of tlte rainy season. 

By May 104!l, nn improvement had lieen effected in the malaria situation. 
Most of (lie living quarters were completely screened and mosquitoproofed. 
Others were being re|»iired. The malaria rate was kept relatively low. in 
comparison with 1942, because nf the larviciding activities of SKSP ami the 
improved living conditions. Tlie observance of individual malaria discipline 
was lax. however, and cases were lieing acquired needlessly. 

The malaria incidence in Itelem during 1043 was ameliorated, too. by tlie 
establishment of a sanitary detail su|>ervised by the sanitary inspector and com- 
|Hised of ii enlisted men and 40 natives employed by the Air Poit IVvelopment 
Project. This detail art-omplished such antimalaria measures as drainage and 
filling of stagnant |M*»IK in borrow pits, cleaning streams of debris and vegeta- 
tion, ami clearing underbrush around tlte field. 

No figures are available for the number of malaria cases contracted at 
Belem during the months of February through April 1043. However, it is 
estimate«! on the basis of vagu« statements in the monthly sanitary reports that 
1 to 3 cases mviirred [»er mouth, of which some may Itave been recurrences. 
(In Januarv, only one, recurrent case was rrimrtrd.) The incidence of the 
disease r«we slightly during tlie months of May ami June 11*43, when 5 and 6 
eases were n>|iorted respectively, giving rates jwr annum of "6 and 1(W. This 
was a considerable improvement over 104a. During tlie rest of tlie year, only 
Are more rases of malaria appeared in the command at Helem—two in July, 
two in September, and one in December. 

At the beginning of December 1943, Lieutenant Linderman arrived in the 
theater. The 57th 1ICD had been requisitioned for service at Belem, and 
air transportation had been requested for its commanding oaVer so that it 
would he possible for him to orient himself with the situation before the 
arrival of his unit. The enlisted men of the detachment arrived on 8 Febru- 
ary 1944, but the organisational equipment, dne to transportation diaVrultiee, 
was not delivered until 39 April 1944. Until arrival of the supplies, the unit 
did its best with borrowed equipment and took over the malaria control pro- 
cedures on tlie base. 

In November ami December 1943, reports were received that Eighth Air 
Force combat crews ferried through the South Atlantic had incurred many 
cases of malignant tertian malaria The striking power of the Eighth Air 
Force had lieen materially reduced as a result of malaria, with IT percent of 



148 roMsirxM'Aiii.K IHMKAMKS 

a group of combat |>eix>micl ls>comiii<r ill with (lie discus' II|M>II arrival at 
their oversea «lesl imit ion. The oompluiiit from Headquarters, Eitflith Air 
Fun*, n«fern«d to I In« lirsl »wk of >'»rciiiUar us I lie tiini«. when this incidence 
of malaria was eiicoitiilcivd. The rales in tin- Smtii Atlantic Command had 
fallen off sharply in the second half of 1S>4-"». Moreover, tin- pntlomiitant 
infection iimomr |>eriiiiiiieiit troo|>s was always, mused by /'. rims. (In the 
entire history of the command, only live fufi !/xfrnin infections «ere incurred.) 

Consequently, it was not. considered likely thai the ain-tvws had become 
infected in Itmzil. The reconl s|M>ke for itself, and e.\ee|»t for the more rigid 
enforcement of malaria discipline at llclcm, no major changes in the malaria 
control prop-am had to In« effected. I>in«clives on the control of malaria had 
been published for the entire command, and »IM« importance of malaria was 
n-iternted in additional letters. Col. Paul ('. (iillilund. MC. Air Transport 
Command Surgeon, made a s|tecial ins|>ecti»ii of Itelcin ami Natal in regard to 
malaria. Suppressive treatuient for malaria was din>cted liy Colonel (Sillilaiid 
for transient coinlwt crews using the Smith Atlantic route. 

After the arrival of the .">7th MCI>, Itelcin showed considerable improve- 
ment over 1943, with only 17 cases throiurliout the year 1!M4. Statte of these 
cases were contracted at remote out|>o*ts, stall as Clevelandia, where it was 
impracticable to carry on control. Most of tlie 17 cases occurred during the 
period fnan April through June 1044, with 4 cases in April, 8 in May, and 3 
in June. Of these cases, one in April, two in May, and two in June were 
recurrences. 

The ."»7th MCI) inherited the original Air lV»rt Development Project 
Sanitation Squad and augmented it to include front 80 to flO native laborers, 
who were employed regularly under the supervision of enlisted personnel off 
the organization. These employees were divided into various crews for larvi- 
ciding, barracks spraying, ditching and maintenance, and survey work. The 
activities formerly performed by SKSP came under the contnd of tlie ."»7th 
M<TD. However, since the control detachment was not equipped for survey 
work, SESP continued to make surveys and perform identification*. Liaison 
between SESP and the 57th MCD was maintained closely during the entire 
year, and it was therefore possible to perform effective spot oiling for the 
elimination of foci of A. dartktgi. 

The native larva survey team mentioned previously was established with 
the help of a sanitary technician on detached service with the 57th MCD 
fron the aOBd MSD in Recife. In accordance with theater policy on the 
use of malaria control personnel, the S08d MSI> bail detailed men to BeVwi 
and Amapi to aid in survey work. Ahn, from August 1044 to January 1945, 
Captain Linderman had the assistance of Lieutenant Johnson, who aided in 
the administration of the unit and in the establishment of survey procedures. 

From July 1044 until August 1045, only five cases of malaria were charged 
against Bek*ni. Of these, two in June 1045 were in recently assigned personnel 
who arrived at the base within the incubation time of the disease.   This record 
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is enviable, considering the high incidence of innhiria during the early history 
of the base. During the rainy season of 1!>45, DDT WHS used very success- 
fully for the lirst time in Bek'm as a larvicide, and this may account for the 
excellent malaria control during this particularly difficult portion of the yeur. 
(Previous to April 1945, sufficient DDT was available for residual spraying, 
which had been accomplished routinely in the Army dwellings.) 

Natal.—Pariiamirim Field, the most important uirbnse of the VJs. Army 
in Brazil, was located about 8 miles from the city of Natal, which is at 5°50' 
south latitude and iW"/ west longitude. The airfield, at an elevation of Wl 
feet above sea level, was surrounded by hilly, generally well drained terrain, 
although there were si number of small fresh water lakes. K.wpt for a small 
lake adjacent to the area of (lie field, no liodies of water exist in a radius of 
2% miles of the area. The surrounding country is dry, with sandy soil, 
rapid drainage and n covering of low brush, "cat iiign." In the south, there 
are two streams, tltc Kio Cajupiranga and the Rincho ('ajiipiranginlia. joining 
in an area which was about 2'/2 miles directly below the base. Further east, 
the combined stream unites with the ltio Pitimhu to form tin» Itio Pirangi 
which empties into the sea southeast of area in which the field was located. 
The Rio Pitimbu has its origin west of this area, makes a circuit around it to 
the north, and then descends south to its confluence with the Rio Cajuniranga, 
over 2 miles from the area of Parnamirim Field. 

The borders of these streams are cut by irrigation ditclies which are re- 
quired for cultivation along tin* river valleys. Sometimes tliese are aluindnned 
and become covered with grass which protects numerous foci of Awtykelt* 
mosquitoes. In addition, there are low Imiiks. cutoff's and meanders along the 
paths of these waters which are well vegetated and serve for mosquito breeding. 

The climate is good with an average daytime temperature of 9A° F., 
and an annual rainfall of approximately 55 inches, moat of which falls during 
the months of April to July. There is a constant wind blowing from the south 
or southeast. 

Because of the favorable topography of the area and the distance of the 
hose from mosquito-breeding foci, malaria was not considered as a serious health 
problem at Parnamirim Field. Most of the control activities were in the hands 
of the Brazilian National Malaria Service. The activities of the Brasiliam 
included stream training, brush clearing, minor drainage and ditch mainte- 
nance, and some krvieidal work using parts green. Their service, because of 
lack of funds, was not adequate, as evidenced by an epidemic of malaria which 
brake oat in Jaw IMS in villages along the Pirangi Valley. The favorable 
situation of Parnamirim Field is evidenced by the fact that only a few cases 
of malaria occurred among base personnel during the period of the epidemic 
in the nearby valley. 

During the entire history of the airbase at Natal, most of the cases of 
malaria could be traced to off-base activities. A radio range situated about 5 
miles from the bam was the site of many infections that were incurred, and 
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ein|»li:isis frequently lind to lie pluced on tin- use of individual protective 
measures. Soldiers required lo attend the wnmit.g lijilils, situated between the 
base and the Rio Cajupiranga, also became infect<Hl. The city of Xatal itself 
was not free of malaria, and soldiers visiting the city at night or wandering 
around the native Imbitntions near tin« bane despite "off-limit*" orders were 
exposed to bites of Awt/ifielc*. Occasional cases of malaria among |>criiiuiieiit 
personnel were incurred, although, on the base proper, mosquitoes weiv seen 
rarely. 

In April 1944, a mtdaria control officer, Lieutenant Dulnmt, was assigned 
to Parnamirim Field. This officer had the double duty of aiding the Brazilian 
Government in the disinsectization of aircraft arriving from Africa and of 
supervising whatever malaria control activities were required at the field. To 
supplement the work of the Brazilian National Malaria Service in the I'nrim- 
inirini area, this officer set up a system of survey and control work on and 
around the base. Routine cliecks were made of all water deposits on the base 
and within a radius of 4 miles around it. Bur racks and other buildings were 
searched every day for adult mosquitoes, and ins|»ect ions were made of sc.-een- 
ing defects. A mosquito light trap was kept in operation near the Army out- 
door theater as a further check on adult mosquitoes. Control measures con- 
sisted of weekly oiling all water deposits «HI the base and 1 mil«- around with 
a mixture of waste oil and kerosene. When areas outside of a 1-mile radius 
were found to harbor mosquito larvae, t !x> Brazilian National Malaria Service 
was notified. 

From 1 May 1044 to 31 December 1944, only five A. albitani* adults 
were found on the base. All of these were dissected, and none was found 
to harbor sporosoites of the malaria plasmodia. These adultB were found 
in unscreened buildings of the base laundry and in buildings on the Navy 
side of the base. The mosquito light trap situated near the outdoor movie 
theater was operated continually for 14 days, and only one eulieim was found. 

Despite these results of vigilant survey work, which indicated a fairly safe 
situation on the base, malaria rases appeared among permanent personnel 
during May, June, and July. In May, one ease of malaria was incurred by a 
soldier who gave no history of having been outside the geographic limits of 
the base for over S weeks before the onset of the disease. Moreover, five cases 
of malaria developed among VS. Navy personnel of whom one man stated 
ha had not left the field for considerable time. 

In June »44» seven eat« of malaria «ore hospitalised at the l»4th Statioa 
Hospital. Of these cases, however, only one was a "new" infection in perma- 
nent personnel. The others were either relapses or transients. In July, two 
more cases were reported in permanent base personnel. The occurrence of 
them cases of malaria, although few, will led to a reiteration of the need for 
malaria discipline. Except for one more new cam of malaria which developed 
in August in a soldier who visited off-base areas in his work, no malaria cams 
directly attributable to Paraamirun Field were encountered during the rest 
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of the year. During «lie entire year of 1044, there were only 1» «-uses of malaria 
treated in the 104th Station Hospital, including permanent »ml transient |>er- 
sonnel and recurrences. 

Tlie me of 1H)T as a residual spray, Itoth for the control of malaria and 
for the elimination of bedbug*, was instituted in Parnamirim Field in Septem- 
ber 1044. Thereafter, lmrrncks were sprayed regularly every :) or 4 weeks or 
slightly less frequently. Its effect again»! bedbugs was easily judged, in that 
a previously ever-present pest was entirely eliminated. Its effect against 
mosquitoes could not be judged because of the small numWr of tin's»' insects 
found on the base. It was incor]Mirated into the control program as an adjunct 
to the other ant imalaria measures in force. 

During the year 1045, malaria was somewhat more of a concern at l'ur- 
namirim Field than in previous years. One of the most ini|Mirtant factors in- 
fluencing this was a rainy season that exceeded in intensity and duration the 
precipitation that had been ex|ierienced in tlie 12 years preceding. Another 
factor was tlie crowding of tlie base under the Green Project and tlie appear- 
ance of malaria among men assigned to tlie base as "tlreen Sii|>|K>rt" after 
having st-rvcd in Africa and Italy. Some of these men either had suffered 
previous malaria attacks or had been taking suppressive Atabrine therapy. 
A number of these individuals had to be hospitalised for malaria during tlie 
year. Moreover, tlie malaria rates for the city of Natal as well as for tlie 
■mall villages near the airbaa* were higher this year than for many years 
in tlie past. The personnel of Parnamirim Field were allowed to visit tlie city, 
and some of them worked in outlying areas. 

Routine survey work was maintained in order to provide protection of 
troops against malaria. In addition, after an upsurge of malaria occurred 
on the base in May, a special survey team from the 209d MSD in Recife was 
sent to Natal to aid in tlie survey work. Despite vigilant searches, no Atwpkelea 
mosquitoes were found on tlie base. However, control measures wen carried 
on as follows: 

To control malaria on Parnamirim Field and for 2% miles around it, 
tl» malaria surrey and control teams were increased in siae from two to four 
man, and an additional vehicle was furnished lor their use. Spraying of DDT 
as a residual «pray was instituted in native houses within a 2-mih» radius of the 
buss. For this purpose, a gasoline-driven compressor improvised by the 909d 
USD was used with a paint spray gun. All barracks on the base were routinely 
sprayed with DDT as usual. Larviriding activities were ahm performed, with 
all water deposits within a radius of 9% miles of the base receiving a weekly 
treatment of 8.5 percent DDT in oil. Screening was installed in Army build- 
ings situated off the base, such as the radio range and the market center. 

During the month of August 1945, DDT treatment of larval breeding 
anas beyond the %-mile control sone was accomplished thoroughly by means 
of airplane spraying. An A-94 airplane equipped with a venturi spray ap- 
paratus and an 80-gallon tank was used, and enlisted men of the 803d USD 
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in Recife 'were detailed to Natal to aid in performing the work ami in evalu- 
ating the results. 

The malaria record at Parnamiriin Field showed l«t new cases among 
permanent military personnel during 11)45. Of thest» It» case*, s were ivwiitly 
assigned from Italy and Africa where they had lieen receiving suppivssive 
Atabrine therapy; the other 8 cases |>ossiWy contracted the disease on the base 
area. Of these latler individuals, most had left the lmse and had s|ieut some 
time in town, but the actual place where the disease was incurred could not 
be definitely established, llecause no anopheline larvae or adults could be 
found on or within 2Vs> miles of the base, it was dilliciilt to understand how 8 
ca< s could possibly be contracted there. It was surmised that mosquitoes Hew 
in (with the air of prevailing winds) from the Rio Cajupiranga in the south. 
Surveys of iliis area uncovervd very few larvae or adults; yet to cause eight 
cases (six of the men becoming ill at approximately the same time), large 
numbers of A. albitanU would have to lie present. In endemic regions near 
Parnamirim F<»ld, less than 1 percent of the A. atbilar*!» were ever found in- 
fected. It is belit. .'"d that most of these cases were contracted away from 
Parnamirim Field, whe.o the number of mosquitoes was great enough to 
allow easy malnria transmission. 

Recife.—lhura Field, lirazil, established alwntt.ft miles south of the city of 
Recife on an area of level ground about 33 feet above sea level, was surrounded 
by the populous Tillage« of Ibura, Imbiribeira, Bos Viagem, Praaercs, and 
Piedade. The terrain around the field consisted of a low narrow coastal plain, 
bounded on the west by a range of low hills. Much of the terrain near the 
shore was dune country, with irregular rises of sand above a soft soil consisting 
largely of decayed vegetation. The hills io the west had poor natural drainage 
and an impervious subsoil resulting in the formation of many springs. lie 
cii'iBe of the dune formations and because a large amount of the land was only 
■lightly higher than sea level, drainage was poor and the water table was high. 
The stream?, which form at the western hills, are sluggish and meandering 
and enter into «ult marshes near the outskirts of the city of Recife, or into a 
Test swamp about 2 ui'les south of the area of the field. A long tidal drainage 
ditch, running parallel to lü« beach and about 100 yards inland, joined the salt 
marshes to the north and south. The rainfall per year varies between 60 and 
100 inches, the greater portion (93 percent) of which occurs daring the months 
of April to September with as nach as JWi percent falling daring the month 
of If ay or June. 

The saline waters along the shore provided excellent breeding conditions 
for A. atptnmdi», the most important malaria vector in the area. The fresh 
springs and deposits of rainwater in the valleys to the west provided foci for 
A. albtiarti», of secondary importance in malaria transmission. The natural 
water deposits were supplemented by many manmade collections of water. The 
natives cultivated the soil by forming little hillocks si. the base of which seepage 
and rainwater collected and was impounded.   IV hen these were abandoned, 
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the high grass obscured numerous small pools which wem the prcxlncers of 
many mosquitoes. The natives, in searching for enibs, also excavated small 
holes »t the l>or<lers of »he tidal marsh; these holes became filled with water 
and remained unanVcted !»y the fluctuation of the tides, furnishing ideal situa- 
tion» for larvae of .1. tujUi'mli«. Among the othrr aiiophrlines found in the 
vicinity were Auuphi-feM ar<jyritanh, Aiiophclcx jxryu-xmii, A. triiinnnhttiiM, 
A. /HMxotii, and .1. »orocxtenxix, none of which is incriiiiiiinted as a malaria 
vector. 

In Octol»er 1J»42, a sanitary survey of the Recife base was made by SKSP 
at the request of Colonel Leone. Dr. Oswaldo Silva, malariologist. and Mr. C. 
Heard Field, sanitary engineer, arrived in Recife on 11 October 1942 and spent 
several dnys in a survey of th« malaria situation. As a result of their work, 
SESP contemplated performing drainage and filling operations and stream 
training around lbura Field and the use of larvicides on breeding areas. The 
U.S. Army was to furnish a preliminary topographical survey mid construct 
lined ditches to connect with the drainage system to be installed by the civil 
agency. It was recommended that all living quarters be mosqnitoproofed and 
be sprayed regularly and, also, that mosquito netting be used and that chemical 
prophylaxis be instituted for night guards. 

The Servico Especial de Saude Publics was organised especially for work 
in tlie Amazon and Rio Doce Valleys. In a question of jurisdiction, tlie Bra- 
ailian National Malaria Service was assigned control responsibility around 
U.S. Army bases in other localities. The Brazilian National Malaria Service 
was very helpful in furnishing data to the U.S. Army autltorities throughout 
titc war and also performed malaria control activities in conjunction with the 
ILS. Army. Around Recife, close liaison was always maintained with Dr. 
Durval T. Lucenn, laboratory chief of the region. 

From tlie Brazilian National Malaria Service, the following data on 
malaria among the natives around lbura Field in 1W2 were obtained: The 
village of Boa Viagem showed 11-2 percent of 3^)26 persons with malaria; 
Präsens 41.2 percent of 1,835 persons; Piedade 32.4 percent of 377 persons; 
Imbiribeira SSL3 percent of 966 persons. Adjacent villages of Vends Grande 
and Candeiaa showed 27.8 percent of 340 persona and 17.» percent of 31» 
persona as malaria carriers. Obviously, the malaria control problem around 
lbura Field required considerable attention. The incidence of malaria among 
Brazilian troops stationed on the baas was 30 percent during the months of 
July and August 1942, and 10 percent of a small detachment of ILS. Marinas 
had malaria during the same period. 

At the request of the Commanding General, South Atlantic Wing, Air 
Transport Command, the sum of $15,000 was made available for malaria 
control at Recife. Colonel Leone had requested a sanitary engineer öftrer 
in early July 1942. This oftcer, Lt. Millard E. Smith, arrived on 14 November 
1948 and took over the duties of theater malaria control and sanitary engineer- 
ing around the Recife area. 
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A barracks-spraying «letail, organized in lute ÜU-J, fiim-tiniietl under the 
-ii|>ervision of the bus«» surgeon, |x>rformiiig routine spraying of all living 
quarters every 48 hours. No larvic'uling. however, was done eitlii'i* by the 
Brazilian Nut ii.mil Malaria Service or tin« Army until February l'J4:>. At tliar 
time, the Brazilian Nat ion» I Malaiin Service nse«l pari« green to a small extent 
because their supplies were always limited. Most emphasis was place«! on 
drainage of the are». The Brazilian National Malaria Service had constructed 
a series of ditches in the tidal areas and WHS working on excavation of a drainage 
system in a fresh water swnmp west of I lie base. The Air Port Development 
Project had eliminated some mosquito foci on the base by Idling or drainage 
bin, on the other hand, had created additional breeding places by the excavation 
of topsoil in swampy ground, leaving large borrow pits. 

The manner in which the engineering projects were planned apparently 
took no cognizance of the malaria control problems involve«! in the area. 
Difficulties such as those encountered at Beleni in regard to moRquitoprooting 
of buil«ling> were met, and the situation had to be remedied by the grouting-in 
of the loose tile rooting. The most important difficulty encountered was tlie 
lack of action on drainage required for malaria control. A swamp on the 
southeasterly shte of Ibura Field was the subject of much correspondence and 
was still not drained or filled a year after the first recommendation. Even 
in imr>, swampy areas between the runways on Ibura Field required larviciding 
regularly. 

It soon became apparent that the facilities of the Brazilian National Ma- 
laria Service were not sufficient to provide adequate protection against malaria 
for US. Army personnel stationed at Ibura Field. Between 27 Februar}' and 
23 March 11H3, 21 cases of malaria appeared among Army personnel on the 
field. In the several months previous to this outbreak, only six rases had been 
reported. The unseasoua] increase was probably due to the rains which fall 
during the early part of the year and are called ehuwu de eaju by the Bra- 
zilians. It was necessary to discontinue the showing of outdoor mrvics and 
to reinatruct personnel in malaria discipline, which had become hut during the 
dry season. Consequent to this outbreak, a larviciding squad of Brazilian 
•snployeaa was established for the control of mosquito breeding around tha 
area, and another crew of natives was organized to do ditching and rnaiatenance 
work. These two crews, in addition to the barracks spraying detail, came 
under the supervision of the base surgeon and of the malaria control officer, 
USAFSA, who acted in an advisory capacity. Routine oiling was performed 
of all waters within a 1-mile radius of the base. The larviciding and ditching 
crews wen placed under tha direct charge of three enlisted men of the base 
complement, and the spraying crew was supervised by men of the office of 
the base surgeon. 

As a result of the effort« of tliese antimalaria details, no further serious 
malaria outbreaks occurred during the year. The rainy season passed with 
t hive cases in April, one in Hay, one in July, and two in September.   November 
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and December showed an increase, with live cases ami one case, respectively, 
indicating that some malaria, transmission IM'CIII-IV<I, even iluriiij» the height 
of the dry season. 

In April 104:1, a survey was made of nio*quit<>-bref<ling areas in the 
vicinity of Ibura Field by the Wing sanitary officer, ('apt. Millard E. Smith, 
Dr. Mario Pinotti, Director of the Brazilian National Malaria Service, and 
Maj. Benjamin Gause, S11C, of the Office of the Coordinator of inter-American 
Affairs. The object of this survey was to determine the feasibility and prac- 
ticability of permanent malaria control measures around tlie base. It was 
Captain Smith's opinion that permanent ditch lining would not be feasible 
because the type of soil would render even lined ditches unstable and subject 
to shift in grade and alignment and because of the scarcity of materials and 
high cost, lie believed that tide gates would serve 110 useful purpose, and that 
larvicidiug would l<e tlie chea{>est method of control even over a 5- to 10-year 
period. However, be considered that lielp should be given tlie Brazilian 
National Malaria St:vice in the construction and maintenance of tlie system 
of unlined malaria control ditcltes around tlie Held. 

The ant imalaria squads continued functioning in the same manner, under 
tlie sii|iervision of tlie base surgeon, lhnra Field, and later of tlie medical 
inspector under tlie Commanding Officer, 200th Station Hospital, throughout 
1943 and part, of 1944. With the expansion of Ibura Field into its two subposts 
and tlie establishment of the hospital area, in the spring of 1043, it was neces- 
sary to include a larger amount of terrain in tlie control program. The squads 
were gradually expanded to include a|iproximately 40 Brazilian laborers, 
exclusive of the barracks spraying crew. 

In April 1944, two malaria survey officers arrived, Lieutenant Dalmat 
and Lieutenant Johnson. Tliese officers performed some malaria survey work 
around Ibura Field and its two subposts. They found anopheline breeding in 
areas to the north of Ibura Field and to the south of the hospital and recom- 
mended control in tliese ureas. Lieutenant Dalmat was transferred, on 23 
April 1944, to Natal to take charge of the disinsectiiation of airplanes and of 
malaria control there. lieutenant Johnson was left in charge of malaria 
control in the Recife area. 

In May and Jane 1944, a small outbreak of malaria occurred among troops 
quartered in tents in an area between the IJSAFSA headquarters and the 200th 
Station Hospital. Fifteen cases occurred among a command of 140 men 
during these 2 months. The tents were unscreened, and malaria discipline 
waa apparently poor. The need for reemphasizing malaria discipline and con- 
trol measures during the rainy season was pointed out by the malaria control 
officer, C8AFSA, in various letters in May 1944. It was also recommended 
that the tents in the area concerned be screened or that permanent type bar- 
racks be provided for the personnel involved. Tlie men were moved to perma- 
nent type barracks elsewhere in tlie area during the latter part of Jane 1944. 
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However, one more case of malaria from I his group of men was admitted to 
the hospital in early July. 

One additional rase of malaria union«; K" transient officers and men was 
trace«I to the Tent City area, where these troops were quartered lwtwecn i\ July 
and '28 July 1!)44. In addition, one other new malaria case was contracted in 
late July elsewhere in the Recife area (admitte<I to hospital 6 August, 1044). 
These were the last new cases of malaria to originate in the command up until 
September 1945. 

Among the trooi« billeted at Tent City, during the month of July 1044, 
was the 202d MSD. The unit was relieved from quarantine on 14 July 1044 
and after setting up headquarters and laboratory at the 200th Station Hospital 
assumed the duties of malaria control in the Recife military area, on 1 
August 1044. 

One of the first preoccupations of (lie detachment was tlie source of the 
malaria outbreak in the Tent City area. It was clear that the same source 
could menace the hospital and USAFSA establishments, only one-quarter of 
a mile away on either side. A physical survey of the area was matte, and tlie 
terrain was rezoned to follow ridge lines and easily identifiable boundaries. 
Adult collecting stations consisting of groups of native houses, numbered by 
tlie unit for identification, were establislied throughout the area. An adult 
collecting crew was established to investigate these stations routinely. A larva 
survey team of Braiilians supervised by sanitary technicians of the detachment 
performed routine survey work around the area, and the oiling crew was 
regularly employed, as in the past, to cover all zones. Tlie rest of the laborers 
were used in ditch maintenance and construction, and, in addition, attempts 
were made to perform some permanent control work. 

Tlie tidal drainage ditch, in the area between the hospital and USAFSA 
headquarters, was incriminated many times as the source of A. aqtmali* mos- 
quitoes. The malaria control officer, USAFSA, had earlier, in December 1043, 
negated a proposal by the U.S. Engineer Department to fill in areas adjacent 
to this canal, considering that cutting through the spoil bank would be all 
that would he necessary. The 202d MSD, however, found these areas too low 
to be drained by laterals, as the soil along the margins of the ditch was very 
boggy and the water level lower than in the canal itself. They hauled a total 
of 90.000 cubic feet of earth to fill and grade the sides of the canal and produced 
a permanent improvement. 

The 20M MSD took advantage of the dry months to prepare for the 
intensive malaria control program which would be required during the rainy 
season in 1045. In contrast to the earlier malaria control work by the ITJS. 
Army in the area, advantage was taken of time and equipment to do small 
amounts of permanent control work, although large projects were not feasible. 
Wt*cv. idle engineering equipment was available, it was borrowed by tlie detach- 
ment from ihr ;vwt engineer and used for filling low areas and eliminating small 
swamps. 
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Tlie 202d MSD |terfomied I»I<«HI survey work in audition In its mosquito 
surveys, in an effort to evaluate the nuiliiriu reservoir in I lie native ]x>|>ulation. 
When DDT became available in sutlicieiit quantity, the houses of infected 
natives were sprayed with DDT residual spray. Lnter, this method of control 
was extended to all native habitations. DDT was also employed routinely as 
a larvicide, with the inception of the rainy season. It was jtossible, l>y the use 
of this insecticide, to economize on the use of oil by means of a spot-oiling 
technique in the less dangerous »ones. 

In addition to malaria control around the Itecife military area and survey 
work elsewlicre in tiie theater, tlie "itfcid MSD |>erfoniied studies on the larvi- 
ckial effect of DDT in collaboration with the Brazilian National Malaria 
Service. It also i>erformed fly «-outnil work on Ascension Island and lilted an 
X-iii airplane for the spraying of DDT. Tlie airplane was used at Natal, and 
later at lieletn in an attem|it to eliminate .1. tliirHmji from tlie environs of the 
airlMse and tlie city. The *A>*id MSD thus was engaged in considerable ex|ieri- 
mental work in adilition to its routine duties. No new rases of malaria were 
contracted in tlie Recife military area after tlie assum|>tioii of malaria control 
by the detachment. 

AMpa.—Aiunpa Air Base was situate«! on a stretch of level grassy terrain 
about 6 miles from tlie village of Amapa and about i'*> miles inland at 2°8' north 
latitude and 50°4!»' west longitude. Tlie altitiMle was .12 feet above sea level. 
The country surrounding the base was an undulating series of knolls, produc- 
ing a rolling type of landscape. Beneath a 3-foot clay soil liiere was a hard 
bedrock, which inhibited absorption of storm water and caused the formation of 
swampy areas in the depressions between tlie knolls. During the dry season, 
the nearest surface water wiis almut 1 mile away from the Imse. latt during 
the rainy season there were many swamps close by. Rainfall during the rainy 
dtasnn of VM-2 (Januar}- to July) measured U2.78 incites, while «.I.*» incites fell 
during the rest of t he year. 

The airport was developed first by tlie Air Port Development Project 
during 1042. During the dry season, about i"< Americans ami .'ttlO local Bra- 
ajlian employees were engaged in construction work. During the intense rainy 
season, only a skeleton force of almut « Americans and IUU Brazilians was 
maintained, since construction work could not be prosecuted effectively la-cause 
of the heavy rains. 

Soon after the onset of the 1942 dry season, malaria appeared ami reached 
epidemic proportions. Over 300 natives had to I» returned to their homes 
because of malaria, and 7 of the ->."> Americans were stricken. Because ot the 
lark of oral quinine or Atahrine, treatment was effected by intramuscular 
injection of quinine, or quinine pine methylene blue intravenously. 

A medical öftrer of tlie Air Transport Command at Beleni was sent to 
Amapa to render whatever assistance possible. This öftrer aided in the 
evacuation of many laborers who were too ill to work. He brought supplies 
of quinine and Atahrine, ordered prophylactic treatment of all Americans, 
ahm investigated the mosquito population, and performed blood examinations. 
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'I'll« vector of iimliiriii was idcntiticd us .1. ifnrHnffi. Mood smears indi- 
cated a predominance of I'IUHIIKXHIHH fnfrifMirum. The »mull number of 
Americans who IKMIIIIIO ill is probably attributable to the use of screened 
Uirntcks and betl nets. 

Tw» medical officers of the Trinidud Sector ami Hast« Command were sent 
to Aninpii from the U.S. Engineer ])e|mrtmeiil Hospital, Trinidad District, 
to help out in tlte epidemic. At the time of their arrival. '28 November 1!M2, 
the epidemic was already subsiding. They provided additional quinine ami 
Atahrinn for treatment, placed all local civilian employees on cliemical prophy- 
laxis. 5 grains quinine daily, and recommended that prophylaxis could be 
omitted after the |ieriotl of heavy mosquito breeding,deluding on the findings 
of the station inedinil officer. 

No further rejiorts on malaria control at Anmpa are available until the 
first monthly sanitary rv|«>ri from the liase was sulsnitted on 1 Se|>temlier 1JH3, 
Apparently no control measures against a reoccurrence of malaria had been 
undertaken by the Air l'ort Development Project, and the only control measure 
in effect was tlte »praying of barracks and tents by six workers of the Servico 
Ks|tecitil de Saude Publica. All tlie native workers were removed from the 
confines of tlte ]met to a distance of about 1 mile, and their shacks were bunted 
and their wells filled. Tlte medical officer recommended sonte drainage meas- 
ures on (lie post to reduce the number of mosquito-breeding foci. A request 
was also made tor a malaria control officer. 

Some larvicidal oiling was undertaken by a sanitary squad under the 
supervision of the base surgeon. The medical oflk-er noted that the number of 
mosquitoes present on the bane was far less than at Amapa village or the 
barge landing on the Rio Amapä Grande, about 5ft miles from the post. 
Personnel employed at tlte docks on the river, or on barges unloading ships 
lying off the island of Maraca were required frequently to work at night, 
because the shipping was dependent on tides. These personnel were given 
malaria control lectures, ami individual protective measures were enforced 
among tbrin. 

In late July and early August 1WJV, a visit was made to Amapa by the 
theater malariotogist, CSAESA. Because of the small siae of the base, exten- 
sive permanent control awasures were not indicated. However, some drainage 
of swamps on the base was recommended. Empliasis was to be placed on 
larviriding and on the rigid enforcement of mal. ria discipline. 

Larvicidal measures against mosquitoes were prosecuted vigorously by 
the sanitary squad. Nat i ve laborer* were employed for hand oiling, using waste 
engine oil and kerosene, and an improvised power sprayer and drip oilers 
were used wlwrever possible. In addition, the routine sprayii.g of barracks 
was performed once nightly by the crew of SESP workers. One case of 
malaria occurred in December 1JM3, in an enlisted man who worked at night 
at the docks. This was the only case of malaria acquired among U JS. Army 
personnel at Amapa Air Base after it was taken over by the Air Transport 
Command.   A few rases occurred among Navy ami civilian personnel. 
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Tin* hirnii'ks spntviiii: detail of SKSI' Im-iinc unsatisfactory due i<> luck 
of «out ml li\ Ih« Army. At the end of March 11)44. I lie medical olliivr at the 
laise was informell tlmt SKSI' would ilis<i>iiliiiiM> this work. Tin» Isirracks 
spraying »nil tin» hirviciding ope nilions were taken over by two enlisted tech- 
nieinns of the Mill MCI), in June l!M4. The commanding officer of this unit 
hail visited Ainn|>i'i in January 1J>44 anil hail mnile some recommendations 
regarding control there, anil, in the interim la*tween the cessation of work by 
SKSI* ami the arrival of the enlisteil technicians, the barracks spraying was 
accomplished hy other Uisc personnel. 

In August. 1944, one enlisteil man of the '-Jtfciil MSI) was sent to Ainapst 
to aid in survey work around the Imse. The work of this man was intended 
to supplement the control activities of the men of the .">7ih M('l), providing 
knowledge of the extent and location of the »reeding places of .I««»/*/»«7r« and 
of the eifertiveness of control measures. The need fur such work had heen 
brought out in an earlier report. 

Captain Linderman modified the larviciding program at Amupn by using 
only crews of native laborers with kna|isack sprayers. Drip oilers, in us« 
previously, were removed because they were found to he an ineffective met boil 
of control. Spraying of barracks could I« reduced, lavause of good larvicidal 
work, to three times weekly. Concent rat ion was placed «HI Inrvioiding, ab 
though some attempt was mail« to effect malaria control by clearing swamp 
areas close Hi the cantonment, by huniing grass in low areas during the dry 
season, and by the drainage of swamps ami the filling of small pits. Malaria 
control was enhanced to some extent by spraying native huts, starting in 
February 194.5, after a case of malaria had been incurred in an enlisteil man 
of the U.S. Navy. Residual spraying with DDT was instituted in April l'.Uü, 
after the arrival of a sufficient quantity. 

In September 1944, a parasite survey was made by tlie 203d MSD of 
the native population living around the airbase at Amapa. This was done 
to determine the sise of the malaria reservoir. Surprisingly, only 2 cases of 
P. rims infection were discovered among 760 natives examined. This ex- 
tremely low index may have been doe to the fact that the survey was performed 
daring the dry season. The results do not, of course, reflect the earlier 
epidemic in IMS, when P. faleipantm was reported to he the malaria parasite 
involved. This is to be expected, because, although P. faieiptu-um produces 
the moat acute disease, it is, probably because of this characteristic, tlie least 
likely to cause relapses. The low index of P. virtue infections was also due, 
probably, to the fact that the native« investigated lived in a small settlement 
around the base and well within the control aone covered by the larrickling 
crew. Moreover, all cases of malaria which had occurred in this native popu- 
lation had been treated by the base surgeon or the Brazilian Heil Cross mine 
on duty there. 

Mosquito col lection* made by tlie :.7ih MCI» ami tlie 3h»il MSD also 
showed the malaria hazard to lie kiw at tlie time, with only one .1. diirliiufi 
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found outside the controlled area, ami -I. jMiyOMniii and .1. JHWHUI, neither of 
which are malaria vectors, predominating. 

On the basis of these data, it was stated that the airbase at Amapa 
fortuitously had been located in a good urea, from the standpoint of malaria 
control. This was said despite earlier remarks by the base surgeon that a 
worse area could not have been selected. Actually, considering its position 
in the Amazon basin, the location of the base ft miles from Amapa village 
and about the same distance from the tidal marshes made the problem of 
control much simpler than would have been the case otherwise. As soon as 
control measures were instituted, tlie incidence of malaria was maintained at 
a minimum. 

Sie Lais.—In the entire history of t lie U.S. Army airbase at Säo Luis, only 
one case of malaria was reported to have been incurred among Army personnel 
stationed there. The malaria situation was never serious at tlie l»ase, and the 
routine control measures under tlie supervision of the base surgeon were 
ample to maintain malaria at a minimum. 

Tlie airbase of Tirirical Field was situated about 5% miles soutlieast of 
the city of Sao Luis in the State of Maranhäo, at 2°35' south latitude and 
44°14' west longitude. Its altitude was about 174 feet above sea level. The 
city and the airbase were on a large island, lying in the mouth of an extensive 
river system, separated from tlie mainland by tlie llaia de Säo Marcos and the 
Baia de Säo Jose. Rainfall varies between 40 to 00 inches per year with most 
of the precipitation occurring between February and October. However, 
droughts do occur during which time the total rainfall per year remains less 
than 40 inches. Despite the proximity to the Equator, tlie climate is good, 
with a mean annual temperature of 83" F.. and relative humidity of 80 percent. 

The relatively high altitude of the base and a terrain affording good drain- 
age lessened the possible malaria hazard. Anopheles mosquitoes of tlie species 
A. darting* and A. a^nmali» are prevalent in the low country of the mainland 
but not in the interior of the island. That malaria vectors were present near 
the shore of the island, however, was evidenced by a report of seven cases of 
malaria in one English family living on tlie beach and of tlie finding of many 
anopbelines in that area. 

An early sanitary survey of the base revealed lit i le malaria potential. A 
few anophelines (unidentified) were found breeding in a ditch on tlie post 
and one adult AnopKeie* was captured. The use of mosquito bars and the 
■Meeoitoproofing of buildings were recommended. These were the only anti- 
mosquito measures applied until October 1M3. 

During that month, a large number of CHUX mosquitoes appeared which 
were found to be breeding in overgrown ditches on tlie post. These ditches 
were oiled and later filled, and tlie number of mosquitoes soon diminished. 

Sio Luis was visited by the commanding officer of the 57th MCI), in 
November 1043 and in January 11*44. This officer recommended the con- 
tinued use of bed nets during the rainy season, emphasised the need for main- 
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tenance of screening, the use of larviciilul measures against mosquitoes during 
the rainy part of the J'ear, and the routine spraying of barracks twice weekly 
during the rainy season. 

Larvicidal measures were put into effect by employing two natives to do 
occasional oiling wlien necessary und another small crew of Brazilians to 
operate a portable gasoline engine-driven spray apparatus. After the ap- 
pearance of the case of malaria at Säo Luis, an additional survey was made 
by the commanding officer and two enlisted men of the 57th Alt'I). One of 
the enlisted men remained to supervise the malaria control program, consisting 
of larviciding, ditch clearing, and insecticide spraying, with very satisfactory 
results. 

Fortalexa.—Adjacento Field was situated on rolling Mtndy terrain nl>oiit 
5 miles south of the city of Fortalc/jt. Xo malaria has ever licet» contracted 
then among U.S. Army |>ersoniiel. This situation was due mainly to the 
fortuitous location of the Imse inland, away front the breeding places of .1. 
agna.Mll». Although considerable water existed during the rainy season in 
depressions around the airfield, these |MIIH1S and swam|>s afforded breeding 
only for innocuous anoplteliiMS, .1. aryyritar*!*, A. jfetWMii, AHO/>JII/IX »trmlei, 
and A. albltnnis. While A. alhttartii* is an itn|iortant malaria vector in the 
Natal area, its aoophilic habit makes it unimportant in malaria control in the 
SUte of Ceari. 

Precautionary 'iieasures against malaria at Adjacento Fie oiisisted of 
the use of mosquito bars, mosquitoprooiing of barracks, and the use of non- 
residual sprays. These measures were directed not only against malaria but 
also against pest insects as well.   The Imse was always well sanitated. 

Bftala.—Ipitanga Field was located about if miles southeast of the city 
of Sao Salvador in the State of Haiti». Brazil, at about 12° smith latitude and 
38° west longitude. Tlie field was several miles from tlie coastline, se|iarated 
from it by a series of dunelike hills running along the south and east. Tlie Rio 
Ipitanga partially bounded the landing field, while swamps exist«! on nearly 
all sides of the base. Prevailing winds blew over the field from the southeast 
and east. Temperature ranges from 70° to C0° with an average of 77°. Pre- 
cipitation total» about 77 incites per year with a rainy season similar to that 
in Becife. 

The field was surrounded by depression? which became filled with water 
during the rainy season and served as mosquito-breeding foci. The field was 
also adjacent to a native village of several thousand population in which malaria 
was endemic. The Brasilian National Malaria Service conducted some survey 
and larvicidal work around the airfield in 1043, when the base was under con- 
struction, but this work was apparently not extensive. 

Because of U.S. Navy administration and of the small nnnilar of Army 
personnel on the base, control measures by the ILS. Army against malaria could 
not be made definitive. Reconunendations for malaria control in 1943 included 
drainage or filling of swampy areas on tlie base, larviciding o)ieratious with 
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diesel oil, barracks spraying und iiiiM]uifiipi'fNiliiig, tin- DM- of the indoor movie 
theater, and the use of bed nets and of other individual protective measures 
for individuals required to work outside at night. 

The U.S. Engineer Departiiieiit employed a small squad of Hmzilian 
laborers and also set up a series of drip oilers for larviciding standing waters. 
No further action was taken by tlie U.S. Army because the base was mainly 
under I'.S. Xavy control and the I'.S. Army Medical Department had no ac- 
tivities there after November 104:5. In August 1043, the Area Medical In- 
s|>ector, South Atlantic Trans|>ort Division, Air Traus|Htrt Command, accom- 
panied a general stutf nflicer of that Headquarters to Ihihia on an ins|iection 
t<Hir. These officers conclude«! that malaria was not a serious problem at the 
Imse and made recommendations for control similar to those made previously 
by the malaria control officer, 1'SAFSA. In May 1044. a request was received 
from the commanding officer of I'SAF, at liahia. for a malaria survey of tlie 
lmse. It was determined that a Navy entomologist was supervising malaria 
control at Ipitangn Field, and to avoid doplicati •n of effort, no action was 
taken by this Ileadqiitirters. 

After the VJS. Xavy vacated Ipitanga Fi->ui in early 1045 and tlie I'.S. 
Army took it over as a suh|xist of the Itecife military area, attention was again 
given to malaria control. The base surgeon established liaison with the Itra- 
silian National Malaria Service, and 10 Brazilian laborers were employed by 
the ba»e engineer to work with this agency on the base and in adjacent areas, 
performing larviciding and semipermanent control. Repairs were also made 
to buildings to make them mosquitoproof, and barracks spraying and tlie use 
of bed nets were resumed. 

In the history of I'.S. Army occupation of Ipitanga Field, no cases of 
malaria were incurred among Army personnel. Records show four cases in 
civilians in tlie months of April through October 1943, ami no cases after 
July 1954. No figures are available on the malaria incidence in Navy |iersfinnel, 
although some cases are known to hare occurred. 

Theater Medical Laboratory 

On 6 January 1943, Captain Land is of the Air Trans|mrt Command waa 
given the responsibility of establishing and supervising the Wing and area 
laboratory. This was later merged with the laboratory of the 300th Station 
Hospital at Recife. On 24 April 1944, Captain Kagan became chief of labora- 
tory sen-ice and epidemiologist. 

The laboratory had by this time become the theater medical laboratory 
and histopathology center. In June 1944, this laboratory was reorganised to 
include an Epidemiology Section, of which Entomology and Parasitology were 
snbdivisions. On 14 July 1944, the 202d Malaria Survey Unit was given space 
in the laboratory and took complete charge of the Entomology Section. The 
unit also assisted the Parasitology Section in certain aspects of its work.   Dur- 
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ing 1014, a total of :W,4;l~ procedures were accomplished in the luhorutorv. of 
which 084 had to do with entomology mid 5.7JJO with paiWitolugy. In 1!)4.">. 
the number of procedures totale<l 31.324, of which ."«.'.Mil related tu piimsitnlogy, 
2,032 being malaria smears. Only 02 insect identifications were )>erforined. the 
medically important iihtliro|M*lsof the area having been largely recognized the 
previous year. 

Achievement» 

In June 1045, the strength of the Command (USAFSA) reached 1U.0UO. 
Hie "Green"' Project (return of troops from Europe) was then in full swing. 
Although this represented tlie greatest number excised to tropical health 
hazards in the history of the USAFSA, the incidence of malaria was close It» 
the lowest for the entire period (table 18):a 

TABLE IS.—Molori» in UM. Arm» Fitrrrt, South Allmnltc, t'J\.\  \r, 

I km.- i>\|m»w.>il us nunilNT <rf «m-s |«T -.innum PIT I.IWO »vrriuec »trrattttil 

Muhiia »tlarks (new plus 
nx-urrrnt nues) 

Inrl<lfiMv of mtiUriu 
(IM'W CUA'S imly) 

I1M4 
1945 i. 

Sumlict Bat« Xumlar    i Kal« 

i:u 
1 

21.4 11» in. a 
75 11. 1  I A3 1 7.« 
27 X.« | 

1 
1« 1 5.3 

1 Data far Jiiurj JIM IMS. 

The commanding general, Maj. Gen. Ralph II. Woolen was able to re|wrt, 
in July 1045, that through intensive application of permanent control measures, 
extracantonment sanitation in cooperation with Brazilian health agencies, and 
enforcement of malaria discipline, malaria had been practically eliminated 
from IT.S. Army bases in Brazil. 

EXTRAMUJTARY RELATIONS 

Liaison with various Brazilian agencies involved cooperative activity along 
the following lines: 

1. Assistance in malaria control activities in areas adjacent to UJS. Army 

2. DDT made available both for control purposes and for experimental 
work. 

3. Demonstrations in use of DDT. 
Of the several Brazilian agencies involved in medical liaison with the 

USAFSA, three were especially important in relation to malaria: 
1. The Brazilian National Malaria Service (Dr. Mario Pinotti). 

- St* faataot* ». p. 1». 
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'2. The Port I ten It h Service (Dr. V. Cnnicim <U' Mondänen). This 
agency had lu do with disinfecti/.ation mid foreign quarantine. 

3. Service Ksjiecinl de Saud« Piihlicn. 
Close contiK'ts wore of course maintained with the Medical IV|«II(incurs 

of the Brazilian Army, Xavy, ami Air Kiirce. 
Insofnr as malaria is coiu-eriu-il. the Division nf ll«>ulih and Sanitation 

of the Office of tlie Coordinator of liiier-Anit-i-icnii A trail's was |N-ilia|is the 
most importnnt coo|>erating agency. Considerable aid was furnished the 
tLS. Army in malaria control work hoth nt Belcm and at Kort niesen. 

The Brazilian National Malaria Serva-c was especially helpful in areas 
where the Oflice of the Coordinator of Inter-American A If airs did not operate. 
At Säo Luis, Fortnlezn, Natal, Recife, and Dahin, this agency furnished data 
to the malaria control officer, as well ns to hnse surgeons, ('outnil work by 
the U.S. Army in these areas was then coordinated with Brazilian activities. 
At Recife, the ÜO-Jd MSI) carried on joint experiments with Dr. I<Hccna. of 
the Brazilian National Malaria Service, concerning the use of DDT as a 
larvicide. Likewise, n '"giiardn" was loaned by this agency to the iKfeid MSD 
to collect epidemiologicnl data. The data furnished by the Detachment were 
made the basis for treatment of infected natives liy the Brazilian National 
Malaria Service. Tlie 2<8d MSD also assisted this agency in planning residual 
spray experiments (with DDT) for tlie control of adult anophelines. 

Tlie SESP, av an early date, set up a program of permanent and tem- 
porary control measures around Belem and of barrack» spraying at Amapa. 
Although control procedures at these points were later taken over by the 
57th MCD, the SESP continued to furnish survey information of vital im- 
portance to the work of this group. Tlie SESP also cooperated in two surveys 
at Ibura Field. In 1045. this agency invited the tlieater sanitary engineer, 
USAFSA, to conduct an inspection of their facilities in the Amazon Valley. 

The most important achievement of a cooperative nature was (lie establish- 
ment, in January 1944, of an efficient system for disinsectization of aircraft 
coming from Africa. Brazil! «n national health authorities, Brazilian port 
sanitary personnel, the Kockei"ller Foundation representatives in Rio de 
Janeiro, and the UÄ Army we«* jointly involved. 

In 1944-45, important work was accomplished outside of military com- 
mand under the auspices of the li.ter-American Cooperative Public Health 
Services in Latin American countries.*4 AnopkeU» ptevdopunetipenni» was 
shown to occur on the west coast of South America from sea level to 11,000 
feet. Its range was confirmed as including Bolivia, Chile, Colombia, Peru, 
and Ecuador, as well as parts of Mexico and most of Central America. Anopk- 
ete* dnriinffi was identified from  Bolivia. Brazil, Colombia, Guatemala, 

»111 Innr, C. H.: llo»«aito Work la Ik* OlhiT Aawrlfan. Pro*. X. I. Hi-n. lOxtmala. AM. 
W: 134-143. IMS. (I) Kai»»», r. C. »mi Slug*. II. H.: A Rrrlr* of Mo^.ll. Work I« m WarM 
■t War la 1M4.    Pne. M. J. MOM, Biteraua. AM. SI: II», 1*43. 
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Honduras, British 1 londuras. the Guatemalan boundary of Mexico, eastern 
Peru, and Venezuela. Aiwpheh* albitar»')* was listed fro.n Brazil, Bolivia, 
Colombia, Trinidad, British Guinna, Venezuela, and Paraguay. Anophelc* 
albimantti was continued for Ecuador, Venezuela, Colombia, l'aiuuna, Costa 
Rieft, Nicaragua, El Salvador, Honduras, Guatemala, Mexico, Cuba, Haiti, 
and the Dominican Republic. Cuba and the British Colonies were not in- 
cluded in these particular in »-estimations. 

Permanent drainage projects «ere carried out in Guatemala, El Salvador, 
Honduras, Nicaragua, and Costa Rica.31 While these were underway, tem- 
porary control measures included larviciding with paris green, diesel oil, and 
DDT, also DDT spraying in bouses. 

South American Countries 

An informative account of malaria control work in most Central and 
South American count lies during the war years has been prepared by Galwl- 
doti.M Administrative organization, antiparasitic measures, and antianoph- 
eline measure» are discussed. Budgets are compared for the years ll>39 
to 1943. Facts and figures appear to just if}- future emphasis on anophvline 
reduction or eradication. Exclusion and interception measures (spraying in- 
side houses) are reported as very effective. Such information may be of great 
potential importance in possible future military operations, as well as in 
relation to various activities of a commercial and industrial nature, mi which 
the continued prosperity of tlie Americas depend. 

Part III. Experience in the Caribbean Defense Command 

ORGANIZATION 

General 

The Caribbean Defense Command was activated 8 May 1041, with head- 
quarters at Quarry Heights, OZ." General Orders No. 8, issued 29 May 1941, 
defined the Command as consisting of the "islands in or bordering the Carib- 
bean Sea, the Guianas, Venezuela, Colombia, Ecuador and the countries of 
Central America (except Mexico)." The same announcement created three 
sectors to be known aa the Trinidad Sector, the Puerto Rican Sector, and 
the Panama Sector. 

•II) Harri», a. a.: Malaria Coalr^t la Caatral Aawrka. Pro«. K. 1. Mo««. Eilrmla Ana. 
x\: IM-1H, 1»M. <J) Bt.li.a», r. C. aa4 Staat. U. H.: A BtTtew «f CoatrifcatVaaa I« tkr Kaawl- 
«Ht* «t Mo^aliom aroaa* fae WorM «arlai IMS. Prae. H. i. M<M|. Kit r-l. Am. 33: 123-147, 
IM«. 

»QaaaMaa, AraaMa: Malaria Coat rat la la* Xaotraafe Btctoa. fa MalarMaa?, caltw ajr 
Mark F. Bay«.    PMIaaVlrAla: W. B  SaaaaVn Ca., 1MB, rat II. a*  1+m 141S. 

" A Hbrtarr af 11-atr.l Drvaria^at ArrlTttta« la «ha Carftkoaa DXaaaa Coanaaa* la WorM Wat 
n.    Vol. I. aa. 111-1*1. M.j IM«.     fOaVtal rawnl.| 
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The Caribbean Defense Coiniiianil was thus formed nf tin» long-established, 
but recently expanded, PCI) (Panama Canal iJepartiiieiit).1'' together with 
the. Puerto Kican Department, which luul come into existence ii. May l'.KK».'" 
und whose headquarters were located at San Juan. V.U., and which included 
the Virgin Islands. To tliis comhiiint ion uns added the Trinidad I läse Com- 
mand, and all the |*>sts and installations, insular or continental. geographically 
associated. These included the various new liases to the southward, which 
had been established as a result of negotiations with the Netherlands and 
with Great Itrita'm. 

The practice of referring to "Atlantic" ami "Pnciltc"' Sectors within I lie 
PCD appears not to have liecn continued into the war years. The entire 
I*CD thus became a single sector, of the same name. 

This arrangement, however, was not |iermaiient. The Ciirilihenn Defense 
Command underwent a numlier of internal administrative changes before, the 
end of the war, the essential features of which may he summarized, as follows: 

Confusion arose almost at out« as to the relation of the Trinidad Sector 
(and Trinidad Hase Command) to the former Puerto Itican Department. 
This was clarified in June 1J43, by the establishment of the Antilles Depart- 
ment, with Headquarters at San Juan, which eliminated the Puerto Kican 
Department, as such, and placet 1 the Puerto Itican and Trinidad Sectors on 
an equal footing within the new administrative unit. This continued into 
1044, when tlie two subordinate sectors were in turn eliminated and nil posts 
in the Antilles came under tlte direct control of Antilles Detriment 
Headquarters. 

The Sixth Air Force was a part of the Caribbean Defense Command but 
had the same area of control as the Command itself. It was administered 
by the Sixth Air Hase Command. 

Medical 

For some time after the establishment of the Caribbean Defense Command, 
no centra I iaed direction of medical affairs was aut liorixed.'" Kach major sub- 
division of the Command continued to handle its own medical problems and 
to send reports directly to Washington, D.C. The surgeon of the PCD or the 
chief health officer of the Panama Canal were available for consultation in 
special cases. 

The Corps of Engineers maintained a medical service for its civilian em- 
ployees, which functioned side by side with the Army Medical Services. 

The first step toward the establishment of an office of the surgeon for the 
entire Command came about on 14 June 1JM3, when Maj. (later Col.) Daniel 
Bergsma, MC, arrived from tie United States to serve the lieadquarters staff, 
with special responsibility for >. enereal disease. 

-Brtorm 1M0. tfct FIIUH Caul Drpartawat ■»■ nulrirted to t)M Caul (war. 
- War Devartatrat Panakatt S-*. t Apt. IMS. 
"Jtaaaal Hfawrt. OaVr nl the Saranta, farlaiiaa l>rf.n— l'a«>d. IM3. 
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On IS October 1!>4:1. llrig- Gen. (Inter Mnj. Gen.) Morrison C. Stayer. 
incumbent chief health officer for the Piiuiinm {'mini, wns desiirinr.ed us surgeon 
of the Caribbean Defense Command, ami mi "(Mice of The Surgeon" thus 
became established. After this «late, must of the medical IV|M>I1S from IM>I1I 

the Panama Canal and Antilles Departments passed through this hendipinrtcr* 
for review und consolidation liefore being sent lo Washington. This was a 
great advantage to the Caribbean Defense Command, as many decisions in- 
volving change of policy could lie rendered by tlie Coinmaiid surgeon, and the 
necessary procedures could be put intoenect without waiting for directives from 
Washington, where there was not always complete understanding of practical 
conditions in the field. 

Hy the end of VM'\, General Stayer and his assistant. Major Itergsnm, 
already familiar with the malaria situation in the Pmiaiim Canal Zone and 
adjacent territory, had made special malaria studio, in lioth the Puerto Khan 
and Tri.iidad Sectors of the Antilles Department. 

The Sixth Air Force served three '"Areas" corresponding lo the "Sectors" 
of the Caribbean Defense Command. Seventeen »irbases were involved. In 
1042, the situation for the Panama Area (seven bases) was as follows: 

\«»4   n] W*c Mrlicml «Jiff'*-« 

Albnx* Kield.CZ 0 (4of tbrse oa ilnt jr status). 
France FMd. C.SS 4 <2of these on duty statua). 
Howard FMtl.CZ 3 (birth on duty Mat«*).    Otanreon», l«h Air Haw 

Qfoap. Art lag Base Huraeoa.) 
Rio Hat». B. <le 1" 2. 
Ooatraiala City 2 ion dntjr »tains friiui Howard Kleid und Kram* 

field). 
Oali'i|«KfM Islands. Ecuador 3 (all on duty stain» from Alhronk FMd). 
Kaunas, Ernador 3 (all on duty status; 1 «wh fmm Howard FMd, 

Albrook FMd, and Fran.« FMd). 

In 1042, tlie situation for the Trinidad area(five liases) was as follows: 

Smm» •/ to*« Jfmiral »Jkwn 
Waller FMd. Trinidad. MM 1 mrdk-al «•per. 
BeaueFMtl, tt. Lada, B.W.I   NIMM? (that IK, Putt Hnrajron, Mt Air Fun«.   Hurseoa, 

."Wh Bnathardawnt Hquadrua km bowprrr). 
Hato FMd, Curacao, K.W.I Nose iKurgeoa, Sth HnaafaanlateM Hanadma here). 
Atkinson FMd, BritishOalana itMiranm. 44th Reconnaissance Mqaadraa here.) 
landerjr FMd, Heriaaai.. _ . 1. 

In 1M2, the situation for the Puerto Rican Area (five basts) was as 
follows: 

Ximt •/ law «Mini *pcm 
Burlaqnra FMd. r.B 14 Medical oflkvn (hosirital facilities for 9» heda). 
Lossy FMd. I'.R   » mrdlral .*WT.TB i taanital facilities for W beds). 
RcnrdlftFMd. St. «'mix   (Manteoa. not of Air F<*cc.)    (Bargeou, 13th I 

bard awn t Squadron lure.) 
CoolMa* FMd, Antigua   («wavou, iiut of Air Force)    (garaaia, SSth 

hardawat Mquadroa here.) 
Veraam FMd, JaaMira  iXargeoa. Mot of Air Force.) 

iyixia«--aa 13 
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In 19-12, the personnel of the Sixth Air Force were not well provided for 
in the matter of medical cure. This was particularly true in the field of 
preventive medicine, although reasonable protection was achieved through 
the environmental sanitation program of the Army Ground Forces. The Air 
Force was particularly vulnerable to malaria, because of fre«pieiit missions 
into and out of malaria anas. Infected Air Force personnel could also serve 
•s new reservoirs, o.i return to base, as did troops of all organizations when 
evacuated from malarious territory. 

PANAMA CANAL DEPARTMENT 

The malaria control activities of the Caribbean Defense Command will be 
treated in two units, pertaining to the two Departments ns finally constituted. 
These will be followed by a special section dealing with the Sixth Air Force. 

As already stated, this De|Mirtment represented an expansion of military 
activities normally limited to the Canal Zone, but which, in the interest of 
hemisphere defense required the establishment of numerous installations in 
adjacent territory. At its greatest expansion, the Department extended from 
about 20° north latitude to fi° south latitude and from 77° to 89" west 
longitude. 

A brief statement concerning tl»e malaria hazard, including facilities for 
control, will be given for each of tlie Ke|Hihlics or dc|>eiuleiH'ies in which the 
Army operated. These statements pertain chiefly to conditions prevailing at 
the outbreak or during the early period of the war. 

Countries and Dependencies Concerned 

G—te—a In«—National public health administration is a function of the 
Bureau of Public Welfare, which was orgiinizuU by presidential decree in 
August 1941."   Its activities include special programs for malaria control. 

In this country, the rainy season extends from December to May, while 
the remainder of the year is relatively dry." The greatest rainfall is on the 
Atlantic side. Malaria is severe and almost universal on the coasts; it is also 
serious in the river valleys. 

Early campaigns against mosquitoes were confined chiefly to oiling and 
dusting and wen not especially effective. Drainage projects were few and 
insignificant as compared with the obvious need. 

Ano/fhek» olbimanu* is the principal malaria vector, being found on both 
coasts as well as in the Peten district. AnopAele» pMtndojmneHpennU, however, 
is prevalent in the central highlands, while A. veatitipenni* proved the major 
vector in the camps along the Coban-Peten highway. Anopkelei dariingi 
n found in Peten province and around Lago de Ixabal. 

«aMkal M4 BulUry Data «a OutaU. Ca-aaOta >/ Uw Meateal IaMligvac* Braara, Vtf 
matin MmUcia* Dtrlriia. OaW» m* TW Saraaaa Otaaral, U.S. Ar»,, 19 Jm IJM::. 

•B*a>rt. 14. CaL V. H. CwacU, MC, u.a. Aimr. aaaject: Saaltarj Surrey »r Oaataaala. «-»» 
Hat. 1M1. 
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It should IH> rcniemlicred that Kl Salvmloi' has no Atlantic coastline. For 
various reasons, it was die southern (coastal) |M>rtinii which was considered 
most ini|Miiiaiit from a inililnry stand|>oint. For example, El Salvador is the 
«»nly |MH1 on the (iulf of Fonesca where tlie water is deep t>nou<rh for fairly 
largeshi|»stotieup. 

This region is ti-opiciil. The dry season extends roughly from I H-ceiiiliur 
to April.   There is a great increase in malaria in the rainy season. 

In 1U41, malaria control in Kl Salvador was "in its infancy.'" Surveys by 
spleen imlpntion and blond smears had lieen made hy Dr. Henry YY. Kiimm of 
tlie Hockefeiler Foundation, and a drainage demonstratioii project had Iweii 
conducted at San Miguel. Malaria was the great scourge of the country, Ite- 
yond a doubt, hut practical control measures had not l>eeii put into pi-actice on 
an effective, scale. It was necessary for military personnel to make provision 
for their own protection. 

It is |>erha|>s worth mentioning that Kl Salvador has the densest imputa- 
tion of any area on the mainland in the Caribbean and (iulf regions. 

Nicaragua.—The National Health Department is lieaded by the Secretary 
General who is also The Surgeon General of the Army. This De|mrtment, 
which replaced the Health Division of the former Ministry of Health and 
Welfare, has eight administrative subdivisions, including tlie Central Public 
Health Laboratory (also known as the National Institute of Health). There 
is a Rural Hygiene Division which attended eamimigns against malaria, be- 
fore 1043, hut with indifferent success." 

On the Pacific side, tlie rainy season continues from some time in May to 
early December, (hi tlie Atlantic side, the dry season is much shorter, or 
absent. In the more thickly populated western areas, tlie temperature is high, 
with April and May most depressing, due to cessation of the trade winds. 
Tlie rainfall at San Juan del Norte is especially heavy. 

A possible canal route exists up the Rio San Juan on the Atlantic side, 
through Lake Nicaragua and Lake Managua, and across a narrow strip of 
land to the Pacific. 

Malaria is prevalent, and there is a constant reservoir in the native popu- 
lation, which lives almost entirely in unscreened houses. It was realised by the 
military authorities that any operations aimed at clearing the region along tlie 
Rfo San Juan would both increase population and improve breeding conditions 
for vector anophelines in that region. In the 1941 survey, Lt. Col. Virgil H. 
Cornell, MC, stated that malaria was a menace, all along the coasts, in the river 
basins and about the lakes.4" 

The princi|wl vector, as in other Central American countries, is A. afbi- 
matuu.    Anophele» aquaaali», A. jmeudoymtctipennis, and A. argyritimi» 

«Mealcal «Ml Saaltary Dais m Meataaaa. CnaplM fcy Xt*k*l latHHfraea Braara. FK- 
T«IIIT» MraVla*MrMaii. oak*•»Ta»luiinflcmti, U.S. Amy. T NOT. IMS. 

•Baaart. Lt. CM. V. H. CaraaN, MC VM. Aramy. »aa)t<t: Baaltary »array «f Nfaarasaa. It 
Ft*. 1 Mar. IM1. 
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Ity 1!)43, more lasting control measures hn«l been instituted in tlie environs 
of Puerto Barrios, Guatemala City, San Jos', iintl along tlie route of the Pan 
American Highway. Topographic surveys were also underway, as n basis 
for long-range, permanent improvements. 

Honduras.—In 1941, the health departinent of Honduras was reported 
as rather poorly organized, with an inadequately trained stuff." From a sani- 
tary standpoint, therefore, any military force had to lie prepared to supply its 
own protection and facilities. 

On the north coast, there is much rain. The period from February through 
June is most moderate in this respect. In the smith, however, conditions are 
quite different, with two short rainy jieriods which fall in May and late 
October or November. In the mountainous areas, on the other hand, rain pre- 
vails from April to October. Malaria is serious in the north, which is char- 
acterized by many broad swamps; also in the south, though here the disease 
is more seasonal. Drainage is especially poor about the Gulf of Fonesca, and 
there is mucli malaria along the winding, lower courses of streams and rivers 
which flow into it. In the highlands, the disease occurs chiefly in |>ersons 
"from the coasts." 

In 1941, mosquito control had been practiced in "Company" areas ami to 
a lesser extent in village.- ear tliem. Efforts at oiling and drainage were 
both so sporadic, boweve hat little good had resulted as extensive breeding 
areas nearby hud been lett quite undisturbed. By 1943, however, the Inter- 
American Cooperative Public Health Services had uegun to function, and 
projects for malaria control were developed in several regions, including the 
|MH1S of Ama|Milii on the Pacific side and Puerto Castilln on the Atlantic coast. 
Tltere was also provision for emergency malaria control in the camp« of the 
workers (Mi the Pan American Highway and on the Potrerillos-Pito Silo road." 

British Honduras, though within the general are« of the Caribbean De- 
fense Command, is not properly within the scope of this discussion. It is 
nevertlieless of interest to note a British report for 1989." Daring that year, 
SS3 cases of malaria were admitted to public hospitals in the colony; 31 hospital 
deaths were ascribed to malaria, with 84 deaths in the colony as a whole. Oat- 
patient cases treated at hospitals numbered 4,115. 

El Salvador.—Alt Iwmgh it is the smallest of the Central American States, 
£1 Salvador has a Ministry of Agriculture and Public Health which includes a 
Preventable Disease Division. The latter is organised into five subdivisions, 
one of which is concerned wholly with malaria problems.** 

•tUföTt. Lt. Col. V. H. CMTMU, IK. U.S. Army, »kjret: Saaltary Bmmj t Hoadaraa, 1-T 
Mar. 1M1. 

- M-dtr.1 «Ml Ba.iury Date «■ H««4ara>.    Pr*mml kf tkt Mrttcal IatetUcMea Brück, Pi«. 
vrattn SMIetac DhrMoa, OStec at The IIWH Ocaeral. UA. Awmj, IS St*. IMS. 

«MwMcal aa* SaaJtary aVaorti from Britta* Cafeakn, Plata»twain aa4 DtaaadraclM far tw 
r*ar* iwit-lMl.    Britta« Hoatfara. (IMS).    Tra» Dta. Ball. 4* (SaMi.) : «7-11«, ISM. 

- k>p»rt, U CM. V. H. CoraHI. MC. V.S. Armj, nkjact: Saaltarj Mmmj af B Balratar, T-M 
Mar. INI 
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are also present. Maliirin reaclies its highest incident"*' til I he bepiming of tin» 
rainy season (May ami .lime) »ml again at the eml (Octolier lo I>weiiilier) 
wlwi optimum breeding conditions aliouiid. Mtdifrimtit tertian malaria 
predominates. 

Costa Rica, 1941.—The government lias a department of public health 
with a number of subdivisions. At least four of these hnve some interest in 
malaria. The Rockefeller Kumulation and the l'uii-Amei'ican Sanitary Ilurcnu 
extend advisory services." 

The long coastal areas were of the greatest interest f rom a military stand- 
point. The dry season extends from December into April. The rain on the 
Atlantic coast is heavier. Malaria increases with the wet season, the |ieak 
falling about 1 month after the |ieak of rainfall. Sixteen kinds of Anophele* 
have been found in Costa Rica, but only A. albimanw* is an ini]mrtant vector.** 
Official mortality statistics for 1040 re|mrted 016 deaths from malaria, or 140 
per 100,001) for the entire country. Since 75 percent of tlie people live in the 
relatively healthy central plateau, this means a death rate approaching 500 
per 100,000 in the coastal regions. (In the same year, the highest malaria death 
rate in the United States was0.1 per 100,000 reported in Arkansas.) 

With the assistance of the Rockefeller Foundation, considerable anti- 
malaria drainage had been carried on, particularly in tlie province of 
Guanacaste. 

RepaUic nf PUHUHU—The Ministry of Public Health in 1043, through 
its Malaria Section, operated a Division of Malaria Studies. Its activities 
were directed chiefly toward ant imosquito work. Kight projects, employing 
2166 nationals were being carried on," and an intensive ltealt h education program 
was in operation. In addition, the Division of Sanitation hail two technicians 
for malaria studies on the staff of its chief sanitary inspector. 

The Division of Health and Sanitation of the OÄke of the Coordinator of 
Inter-American Affairs cooperated with the Republic of I*anama on its ma- 
laria program, which consisted largely of drainage, entomological studies, 
ditch construction, larvicidal work, and ditch maintenance. 

These agencies served the urban canters well, but many parts of the in- 
terior lacked any organised public health work. The United Fruit Company, 
however, had a comprehensive health program which u. luded malaria and 
insect control. 

The population is concentrated along the ■ecoaats and river*. Certain 
large areas are sparsely populated. Malaria is the principal health problem, 
from both a civilian and a military standpoint.   AnfheU» albimamu is the 

•■apart. Lt Cat. V. H. Caractl, MC. U.S. Ktmj. ■■>< Lt: BaaiUrr Sarrry af Caata Stem. 
I3-XI Pah. 1MI. 

» KcaMcal ant Saaltary IlaU aa Cnata Rlea. Ca—Uri k» MaaVal iBMIUvtwc Braacfe, ITrraallTa 
ItXMaa UHaaaa. OSata a( TV Sanaa« (Irarral. U.S. \tmj, 1 Jala IMS. 

« MaSatal «aa- Saalury UaU m ta» aVaaMIe of PaaaaM aa« la» PaaaaM I'.ul Za*r Caaaanm 
ar Medfc-al iBtatUfaacv Sraurfc, PreraatUa kWaTMaa UtTlaaam, OaVc «f Taw Surer»« Oaacral, U.S. Amr. 
2« Kar. INI 
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principal vector with A. punctim<icul<i in secoiul place. Six other species are 
]M>rha|>s involve«!. 

Clark and KompM have shown I hut in certain villages of Panama, over 
a 10-year period, no seasonal Variation in malaria occurred which could be 
correlated with seasonal rainfall. 

Panaau Canal Zone. -The chief henlih officer. Panama Canal Zone, is 
selected from the Anny Medical ('orps and serve« for a ]>eriod of 1 to .1 yea«.1' 
His assistant is a civilian, who has direct charge of sanitation and malaria 
control. Field sanitation work «»iterates by the Northern, Pedro Mijrnel, 
Panama Suburban, and Aiicon-lialhoa districts. For malaria control work in 
the Zone, certain geographic areas are allotted to the Medical Department of 
the Panama Canal. This is by mutual agreement between the chief health 
officer of the Panama Canal and the surgeon of the Panama Canal Department 
of tlie Army. 

Antimosquito work had lteen diligently carri <tl out for many years, but 
up to 1U43 no effective method had lieen found to prevent anopheline breeding 
in Gattin Lake or outlying jungle streams, |tools, or swam|>s. Neither could 
tlie flight of these mosquitoes into sanitate«! areas at certain seasons be pre- 
vented. Malaria was tlie chief cause of illness in tlie Canal Zone, though deaths 
were rare. 

Precipitation in tlie Canal Zone tends to he considerably greater on tlie 
Atlantic side than on tlie Pacific coast. Average temperatures and relative 
humidity are not significantly different.   The data in table 19 are instructive. 

TAKI.I 19.—.Irrraff   lempermlurt», rtlaiier knm>tlil)i, ami arrriaira/wa  in Ikr (mmmt turnt, 
iW.i-45 

PtrriHtatto* Mraaararilvi btMMhltty      \lmi Mqmil». 
Year -     -     _ _       

Allaatk- PariSr .Mlnalk-   j IWMr Athatlr Parr* 

MM» Mr. »rma Mnjrmr". Aram»*'. 
1*43  l»M «H. 80 80.7 , 83.fi 80.4 78.7 
1B44  IMM 1 7«. «5 80. 4 i 83.« 811» 78. » 
IMS III 12 j «a«» an 3 | 

1 
7«. 3 8118 83.0 

The principal dry season starts in January and ends in April. During 
this period, mosquito breeding reaches a low ebb. The wet season begins in 
May and with some fluctuations lasts until December. The greatest ntosauito 
(and malaria) menace conies with the change of seasons. Thus, the highest 
malaria rates are usually recorded in June or July, and tlie next highest in 

»Chirk. Bcrkcrt C «ad Kiaaj. WlUlaa H. W.: A Sa—ry MT TPB Yaara «f nkmiil« M 

Malaria la Paaaau will «Hrrearc la Cvatrol wllk Qalabw, Atakriar. aid PkMaarala wltaaat Aa«l- 
MlMSlt» Maararwi /• A K>M»a» n HMUI Kiarli. HIM kr r. L VKIIM. Waaalairtaa: 
ratMcata» Km. 19.   Aaarrk-aa Aaaarlatloa far tat Aaraarraarat mt Brtrarr, INI, aa>. ST3-3S4. 

" Or» tmumttr 51. ». 1T1. 
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December or Jiuiiiiiry. In both cases, ibis is due tu the abundance of shallow 
water, ideal for the rebreeding of anophcliites. Anophflfn ttlbiimtnn* 1ms Ioi»«j 
been known us the principal vector. 

The maximum niiinlier of troops on «Inly in the ('until Zone lit any time 
prolmbly <liil not exceed "O.tHlO. These became widely scattered as the program 
for heinis])liere defense materialized. At intiny automatic weajMins and anti- 
aiivruft stations, the chief anlinialtiriti procedure wns the administration of 
siippressive Atabrinu therapy. Some lots of Atabrine proved inferior in 
solubility. Attempts were made to safeguard men on night duty by spraying 
their uniforms with pyretbru;» •"(•i«"t before a 2-hour detail, with inconclusive 
results. 

Colombia.—Very few American troo|>* were stationed in Colombia. 
Ecuador, 1SM3.—The Ministry of Social Welfare. Health, and Jjibnr in- 

cluded a public health system of undesirable complexity, which, for lack of 
centralized authority, had not functioned efficiently.5' Tlte average longevity 
in the country was only 32 years. Malaria was one of several diseases of military 
importance. Epidemics of plague, smallpox, ami typhus occurred annually. 
Never» Mess, of 62,183 registered deaths in HMO, 4,847 were listed as due to 
malaria. 

Anopheles afbinuinm and A. jutewlopMncttpenHi« are tlie proved malaria 
vectors, the first on the coast, tlte second in the mountain valleys. Drainage, 
ditching, and oiling had been carried out to some extent in the valleys, but, 
in the coastal lone, tlte numerous swamps could only be drained with great 
difficulty and excessive cost, and no progress had been made. 

It appears certain that a large portion of tlie population suffers from 
malaria throughout tlie year, with inevitable rasa of time and reduced capacity 
for work. The general backwardness of many parts of the country is due at 
least partly to chronic malaria. Tlie greatest seasonal peak coincides with the 
termination of tlie rains, usually in May or June. 

Callpn— MasHts.—There are no anopheline mosquitoes on any of the 
Stands.*1 The only culkine species recorded is Aede» taeniorkymchma, a poten- 
tial vector of yellow fever and dengue. Military authorities took cognisance, 
however, of the possibility that both human gametoryte carriers and vector 
anophelinea might be introduced in connection with the transport of troops 
and goods. This never occurred. 

Par«, 1M&—Official public health work is controlled by the Public Health 
Division of the Ministry of Public Health and Social Welfare." The Division 
has six administrative sections. Malaria control is a responsibility of the Sec- 
tion of "Technical Services," ahm of the Section of "Sanitary Campaigns." 

"**il «Ml Saaltarr Pata M En»a«Wr. Pt**ara4 ay IMIral UMIhmwr Rra-.rfc. Prrrratlv* 
Uoilriar IMrMw. OSh* «f Tto Harp** Oaarral. I'.S. An»jr. 1 Ort. 1W. 

■ Mf*r*l ■ad Raaltarjr 1WW <m Ihr OaMpagna lulaaita. rirfrrd ky Mntlral latrl urmrr llrmn.-». 
FWvratlvr MfdMar DtrMw. >HBW «T Tbr «arr~« Cmnl, VS. Amy. X Srpt. 1*43. 

»MmHral >ad Saaltarr Hat« <m I'm. CaaatM ay Mrdlral latrlllaraw BrawnY I'rrvratlvr 
»WWW I Mr MM. («rr «f Ta* »qn Unrnl. V M. »n.J. 1 Sea«. 1M1 
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The liockefellei* Foundation has colliilM>i'iiii><l for years with I lit* IVrurian 
Government in llit> lijrlit against malaria. Sinav 1042, tin- Institute of Inter- 
Ainerican Affairs lias licen U vital iiiHuem-c. Malnrin surveys wei<e carried out 
north of Lima, in tin* Chiuihote iirwi. Swamps were cleared, anil (clinicians 
were trained for malaria control work. 

Tli« incidence of malaria is high in most of the country, but particularly 
st» in ctaistiil areas anil deep-cut valleys where the rliief vector is .1. pximfo- 
/wiirtifHinii*. Control measures, chiefly by spraying, have been found very 
successful in certain valleys. 

In jungle ureas east of the Andes along the Amazon Kiver, .1. n/himauu* 
is thought to lie the im|M*ilaiil vector. American military interests, however, 
were routined largely to the coast. 

Development of Control in the Panama Canal Department, 1941—45 ": 

As contrasted with Pacitic and African theaters, tlie lt'I) had seen malaria 
control campaigns for many years, going Imck to the work of Col. (later Maj. 
(Sen.) William C. (»orgasin'ltt«. 

Wlien the Deimrtnient was officially established, such activities came within 
the jurisdiction of the Dtp* rt iiient surgeon, lieside* his organization, however, 
there continued to fuiH-tioii the Sanitary Division of tlie Office of the Chief 
Health (Micer, Panama Canal. 

I'ntil 1044, the malaria rate per 1,1100 |ier annum among military personnel 
in the PCI) continued to la» at least twice the rate among employees of the 
Panama ('anal. This was undoubtedly due to the fact that tlie soldiers operated 
away front home stations at least part of every year. The native reservoir 
of gamctocyte carriers was always great and vector aimfihelines ahuiMlant. The 
pmbleiu was much aggravated in 1040, when emergency condition* required the 
troop* to take to tlie field «luring the rainy season. Quinine was used as a 
prophylactic drug but with indifferent success, thily a very poor rejiellent, 
the English Dover's cream, containing oil of citronella, oil of cellar, ami hard 
and soft paraffin was available. Pyrethruui in kerosene, 1 to 20. was the aiiti- 
moaquito a|»ra-r, which had to he applied twice daily in all buildings. Protec- 
tive clothing was used, and bed nets were required outside of sanitated areas. 
The system of mosquito coatro! orderlies had already been instituted in the 
fall of 1040. 

Construction work, which increased in 1941, often blocked ditches and 
otherwise created new niosquMo-briwdiug areas. Col. Wesley C. Cox, MC, 
Surgeon, Panama Canal Department, stated: The Field Sanitary Force oiled 
all impounded water, but areas of new danger were created almost faster than 
11 lev could he oiled." 

« I'alnm «tbrnrfcr UMU-at«d. all <taia la tar maalalwr wo-tlna »a ihr I'IUM Cia-I Ik-part aw nt 
• r» hm—t oa thr Aaaaal »art-, IKaaiWMai Sararna. Ilaaau l'aaal Urtwrtairal. IW1 *X mm* tar 
PiMftwlHaal Hlaturr at rrrrrail» MraVlar la WwM War II. I Jaaaary lH-Mi (.. I IM<aWr 1IMY Tar 
Paaaau l'aaal llrnarlairal. rat. II.     [OaVUI rmrll 
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Tents had to be used, even ut |>crmniieut stations, to house newly arrived 
tru4>|H). It WHS practically ini|H>ssiMe to mosquitoproof a pyramidal tent. 
Even bui Klin us were dillkult to keep mosquitoproof. One regiment's quarters 
had to be completely double floured to accomplished this. 

All new))- arrived units were jriven mitiniidariii instruction, but few took 
this seriously until taught by experience. For example, during combat train- 
ing, the men rolled up their sleeves, opened their collars at night, und dis|>ensed 
with head nets in order to see better. At antiaircraft positions, troops were 
observed sleeping beside their guns and other equipment, rolled up in their 
mosquito bars. 

On the Atlantic side, malaria incidence increased as a result of n coral sand 
hydraulic, fill, which prevented the tide water from entering the mangrove 
Kwum|>s. The mangroves were kille«! by the heavy deposit of sand, and this 
removed the shade. Thus an area which had previously .supported only .1. 
aqmualt« became ideal for .1. a/bimanu», tlie more im|tortant vector. 

Many of these activities went on in close proximity to localities where the 
native population was 100 percent infected. Much malaria was also brought 
in by the thousands of civilian laborers, imported from the West Indies and 
from other Central and South American Republics. 

The tide was turned in 1943 by the advent of the new repellents, the Freon- 
Aerosol bomb, and by Atabrine in sufficient quantities for issue to troops. Most 
important, of course, was an intensified educational campaign, including tlie 
use of posters and projection slides to acquaint every soldier and civilian with 
tlie seriousness of the fight against "Ann" or "Miss Anopheles." 

It is of interest to note that the term "malaria discipline" was devised and 
first used in the PCD in 1°11. The term caught on and was adopted by unit 
commanders everywhere. 

Pr»bli1S of 1*41.—Since the inception of tlie riefen** period in 11KU», 
ever-increasing number of troops belonging to the Panama Coast Artillery 
Command, the Panama Mobile Force, ami the Air Corp« were so stationed as 
to be living under field conditions, away from established posts or sanitated 
areas. The rates for malaria in 1040 and 1941 reflect this added risk as shown 
in table 20. 

TABUE 30.—Mmlmrim ratet far wrimmrg mud mmrrrmt (•« a—m V.S. Army  ftrtmmmrl, 
fWiM Canal iMpmrlmeml, 193» 41 

Primary malaria only   j 40.7 4a 7 2U 7 
Primary and nrunvnt malaria  | 51. K &tt. 8 21.4 

Rates by year, however, give but a poor understanding of the seasonal 
problems involved.   Thus, for 1941, rains in May resulted in a considerable 

*MW—*X—14 
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TAB IK 21.— Malaria rale» Jor primary ami recurrent cn*rn among  U.S.  Army pemonml, 
Panama Cunal Orpartmen'  by month, 19.} t 

\ Katr r*|»fv*«'<| ua immtiiT of »iww |MT annum |**r 1,000 uvrnice strengt li] 

January  
February  
March  
April.  - 
May.._  
June  
July  
August  
September 
October...  . 
November  _. 
December.. 

rrimarj nvtlarta KMIMTIMlt 
niiiliirlu 

37. A ri. 4 
... 42. 7 12. 0 

2.1. :» 11. :> 
28,0 a 7 
22.7 !t. 7 

_ .    . .  Ml'.) 7.8 
40. <> 13.2 

..... 33.0 12. 0 
_ 102. 7 13.0 

4»..") 12. 5 
37.4 1(1.2 
27.2 10.7 

increase in the primary malaria rule for June, while similar precipitation in 
August caused a high peak in Se|>tember (table 21). 

It is of interest to note that it is I lie primary rate which fluet mites 
significantly in res|>on*« to vector activity. TIM* recurrent iitie, as is clearly 
seen, shows no consistent seasonal fluctuation. 

The great height of the peak Ihn* occurred in J3ej»tember 1041 was clue 
to a lapse of malaria discipline among units more or less new to the Depntl inent. 
In units where antimosqitito and antimalaria discipline were kept up, no such 
rise occurred. All troo|w not living in barracks received quinine prophylaxis. 
A total of live deaths from malaria are recorded for 1041. 

The following preventive measures involved all available procedures but 
were incomplete in some respects: Housing in screened barracks, wherever 
possible; use of mosquito nets or bars by all personnel not housed in screened 
barracks; uw of head nets, gloves, and leggings whenever use of same would 
not interfere with the military duties to be performed; use of prophylactic 
quinine; antimosquito measures at all military installations and in an ever- 
widening circle around these installations (not planned in relation to flight 
range of vector); use of mosquito repellents, antimosquito sprays, oiling of 
standing water, and use of other larvicides. 

Military personnel continued to be exposed to new infection in at least 
three ways: (1) Through duty at field positions, emergency airfields, and 
temporary camps; (2) through association with many chronic malaria carriers 
among tlie civilian population, and in the presence of anoplieline vectors: and 
(3) through visits to native villages and establishment of temporary or common 
law relations with native women. 

oaf 1M2.—In January, a number of military units arrived in 



80LT1I ATLANTIC AX1> CAKlllHKAX AUKA8 1"" 

the PCI) mill weiv assigned to combat |N>siiions in the interior of Panama. 
These, wer« indoctrinated in malaria control, but Ihr low malaria rules of ihr 
first ;l months were due more lo the dry season than to malaria discipline. 
The rot» for |triiimry malaria dropped from ~<*K'-\ \wv 1.IHHI |ier annum lo -js.l 
between January and April, which doubtless contributed to a false sense of 
security. The real situation was demonstrated by maneuvers held during the 
first '2 weeks of April. Hains, which had begun in March, coiiliuiiiHl during 
the maneuver jR'riod. Many men contracted infection during these activities 
and during the weeks which followed. All troops were living under actual 
cotiibnt conditions during May and June; as a result, the primary malaria rate 
for the Department rose to £U per 1,4HN) jier annum and the recurrent lale to 
25, giving a combined rate of 25K. This declined graduully during the next 
several months reaching 90.4 by November. 

Use of aiitimosquito cream, spraying of barracks with Pyroeide-20, and 
quinine prophylaxis for all men not quartered in mosquitoproof Imrracks con- 
stituted tlie control program for the period cited. This was manifestly 
insufficient. 

An even more striking demonst.-ntion was furnished by tlie ex|ierience 
of ■ combat team of 4,000 which trained night and day under field conditions 
for almost tlie entire month of December. The primary malaria rate in this 
organization rose to 274.9. Even the Panama Mobile Force (of which the 
Combat Team was a pan) had a rate of only 126.5 for tlie same period, while 
for the remainder of the Department the primary rate was only 32.1. 

For tlie PCD as a whole, tlie rates for tlie year 1J>42 were: Primary 
malaria, 87.1; recurrent malaria, 24.6; total, 111.7. 

During the first part of 1942, the majority of tlie troops in the held were 
ander tent age. While barracks, hutments, messhalls, kitchens, and recreation 
halls were being constructed, tents were screened whenever possiltle. Galva- 
nised screening rusted out very rapidly here, as in all humid tropical situations. 

At several coast artillery positions, both barracks and hutments were 
provided. There was regular inspection, not only of the screening but also 
of the eaves, doors, roofs, and walk. Minor repairs, to stop all holes where 
nmuuitom might gain ingress, ware carried out at once. A caulking compound, 
made of shredded paper, Hour past«, mud, and cement, was found quite satis- 
factory for closing openings in eaves and cracks in sidewalls and proved very 
durable.   Salvage screening was used for larger apertures. 

The provision of screened recreation rooms proved of great importance, 
especially in field positions. The men could thus be protected during the 
evening hour?, when the anopheline mosquitoes were most likely to feed. The 
same rooms served for instruction and study. All kitchens and messhalls in 
field positions were also nwequitoproof. During this particular period, tlie 
newer mosquito repellents were not yet available to the Department "Stay- 
away" had been found effective but had been discontinued because of its toxicity 
toman. 
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For most of 1!>42, the i-oiitrasi W'twti'ii |M-rnmn<'nt |xtsts (snnit tiled ureiis) 
mxl <>ul|Mists (iiiisiiiiitiiUHl uretis) WHS very great. The following rail's (table 
22) per 1,000 |HM- iiiiiiuiii are for priimiry malaria only. 

TABLE 22.   -Malaria mir* fur primary nur« otilji, in   f'.S. Army prmunnrl, in prrmanrnl 
inanilatrih /MM/« ami out punt* (iin*nnitatril) ana*, Panama Canal Drparlmrnl, 

January Xnrrmbrr Hl-iJ 

[Kuli* rxinr**'il sis iiiitnlMT iileuA"* |n-r annum |NT Ijmn |i-r :ivpnp- «imnrih| 

Month 

January  . 
February 
March .  . _. 
April _     .       ..    
May.. 
Jlllie  
July    . 
.Vuguia.      . _ 
SppU'DlIxT - -. 
October    
Novemlier.      . . ---_..- . . . 

iliitat*''! insi t'll*ilflil:ltl*fl 
itrfji 

12.11 :t2. 4 
It». 2 :«.!» 
II. 1 :tT. 8 

">.:< «1.7 
•M. 1) UN». 2 
si. « 17!». 4 
4.1. 5 1*12 
34. 4 im. ti 
22.7 .-».:» 
15. 0 :«>. :t 
•M.7 •*». 4 

Again, if (lie rates are analyzed according to organizations with con- 
trasting types of duty, the same facts are brought out. For example, the 
month of November xliowed a primary malaria rate of 53.» per 1,000 per 
annum for the entire Panama Canal Department. However, the Panama 
Mobile Force, which carried out such duties as road and beach |Mtrol ami 
en-aged in intensive unit training, had a rate of 116.5, while all other units 
enjoyed the relatively low rate of 34.2. 

Several additional factors also contributed to the high malaria rate in 
1942, which by June had reached 258 (primary and recurrent) per 1,000 
strength per annum. 

It was sometimes diftcult or impossible to caxr, out elective mosquito 
control procedures during the course of construction, which, in itself frequently 
created new mosquito breeding areas, or, new construction work might 
actually block existing antimosquito drainage, which happened, for example, 
at the Majawar River and the Rio Chilibrillo. 

Again, whereas the Army was successful in sanitating an ever-widening 
circle around each military post, camp, or station in the Canal Zone, existing 
treaty arrangements with the Republic of Panama did not make it feasible 
for the Army to carry out antilarval measures in unleased extracantonment 
areas in the Republic. 

For these and other reasons, more than usual reliance had to be placed 
on drug prophylaxis, bed nets, repellents, protective clothing, and avoidance 
of civil communities at night   Enforcement was hardly adequate. 
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The   following   recommendations   were   suggested   in   tin*   Hussell-ltoyd 
report::'" 

1. That a medical oflicer. ex|iei-i('nced sintl suitably trained in military 
malaria control methods, tie made malariologist tu the PCD, to organize, ro- 
oi-iliimtt', IIIKI sujiervise military malaria survey and control work in (lit* 
Department. (Possibly this oIKcer i-uukl serve concurrently as malariologist 
to the Cnribliean Defense Command. Such an organization ha<l been sug- 
gested on 24 Octolier ISMiJ, in a letter from The Surgeon (ieueral to the 
Commanding General, Caribbean Defense Coiniiiniiil.) 

2. 'P..it an entomologist ami a sanitary engineer trained in nialariology be 
assigned to this antimahirin organization. These might lie suitable officers 
already serving in the 1*CD. or. if rei|iH>sted. specially trained men available 
through the Office of The Surgeon (ieueral. 

X That, where not now in use, s|iecitif and detailed plans and s|iot. maps 
for malaria control in each station in the PCD In- prepared, with responsi- 
bilities and routine procedures clearly defined. 

4. That the question lie studied us to how to obtain active help from the 
Republic of Panama Health Department in dealing with extracantonment 
malaria, analogous to that already lieing given by the Canal Zone Health 
Department in ext racant onment areas. 

5. That every effort be made to maintain tlie current high efficiency of 
mosqiiitoprooting in all military stations of the PCD, that steps be taken to 
pmvule a more adequate supply of noncorrosive wire screen cloth of not less 
than 16 mesh, and that all const motion be in accord with the principles of 
modern nxwquitop rooting. 

ft. That, if possible, no more mosquito liars or bed nets, made of "Iwtter- 
clotV 'loliacco doth,*" "cheesecloth," or other material impermeable to air 
circulation, be issued for use in such tropical areas as the PCD. 

7. That ample quantities of Quartermaster issue mosquito repellent lotions 
(Indalone, replaced by Rutgers 612 as soon as available) be requisitioned for 
liberal use by troops in the PCD. 

8. That much greater use be made of pyrethnun sprays to kill adult 
mosquitoes, especially in the early morning and evening hours, that ample 
supplies of the new Freon-pyrethrum insecticide dispenser be obtained, that 
the practice of issuing insecticide sprays only "within limit of funds avail- 
able'' be discontinued, that antimalaria supplies of all kinds, including pans 
green, oil, pyrethrum insecticides and repellents, be issued on an "as required" 
basis in such a malarious area as the PCD. 

0. That measures for anopheline mosquito control on all new projects 
be carried forward concurrently with construction and with the same priority, 
and that care be taken in new construction not to increase the malaria problem 
by blocking drainage or by creating new breeding places. 

»Braart, 1». Mart r. Mara awl I.«. r«i. Paul r. Baaarll. MO. t« Tk* Rann«« «iMa-ral. i Xn. 
IMS. aakjMt: Malaria TMI la tar raaaa» Caaal Ifc-aartamt. 
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10. That in order to reduce the large numbers of malarial infection» non- 
being acquired in towns ami villages where the diseuse is prevalent by soldiers 
on puss during the usual leave hours from 13tH» to :W»RI, the |>ossihility l>e 
considered of changing leave hours in some stations so that they would come 
between (»800 and 1800. 

11. That prophylactic, or in other words, suppressive treatment of 
malaria be reduced within the PCI) to the greatest extent compatible with 
local conditions, and that it be administered on a s|>ecilie rather than general 
basis, that is to say, applied only to those positions where the need for this 
emergency treatment can lie demonstrated. 

\'Z. That the jxtssibility be considered of treatment with Atabrine, by 
Army medical ofliccrs, of all laborers on Army projects who lire quartern! 
at night within close proximity to Army |>ositioiis in the PCD. 

In regard to Xo. 4 »hove, a plan was ultimately evolved by which the 
Coordinator of Jiiter-Ainerican Affairs would appropriate a sum of money, 
to be matched in part by funds appropriated by the government of Panama, 
for the purpose of carrying out a malaria control program in the Republic. 

Successful conquest of Malaria, 1913-45.—During 1!>4:(. an excellent 
standard for malaria discipline was maintained in the Panama Canal Depart- 
ment. Each barracks or hutment was served by a malaria control orderly 
whose duty it was to spray the building twice daily, between OiiOO and O.Vlo 
and between 184)0 and HUM, using a Kreon-Aerosol dis|ienser. These orderlies 
also eliminated casual water in ruts, tire tracks or depressions, cleaned and 
maintained eaves drains and other drains or ditches near the barracks, and 
every 7 days oiled all casual water near the barracks that could not otherwise 
be eliminated. They performed inspections of doors, screens, and walls of 
barracks, making minor repairs on the. spot, and re|M>rted major defects for 
action on the part of tlie unit commander. 

Garnishing of salvaged canvas was used on inner surfaces of doors and 
along door jambs at field positions. Improvised caulking material composed 
of shredded paper, flour paste, sand, ami cement continued to lie useful, 
especially in sealing cracks at tlie eaves where corrugated rooting was used. 

Tins general success of these efforts is registered in tlie malaria rate (table 
88). 

The peak figure for primary malaria, reached in June 1043, is trivial as 
compared with the previous year, and the small seasonal peak indicated for 
October » inconsequential. In general, it may be said that there was a steady 
decline of malaria throughout the year, as educational and enforcement 
measures became mote and more effective. 

Head nets, gloves, and leggings were prescribed for all guards and sent ries 
on night duty. Between the hours of 1800 and 00.10, antimosquito lotion was 
prescribed for all individuals visiting or passing through tinsanitated areas. 
Mosquito bars were required in all table of organization type barracks even 
though there were screens.   Kitchens, messhalls, and recreation halls were 
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sprayed t wire daily, at the «mi»' hours us the hiirnicks. Mol ion picture theaters 
wore sprayed between man» and »>7<K> suul again before, tin» start of the iirst 
performance 

TAVLK 21—Malaria rates of primary anil rrrumnl cam» among l\S. Army personnel, 1'anauni 
Canal Depart Hunt, hy month, /.'/.J.j 

(Kate «•xprt'SM'U w nuraUf ofcowslieronniiiti per UKMavi'ruKestivHPIhl 

Juiiuury     
Kebruiiry         
Miircli    
April                
May  
June  .   ...       .   .   . 
July    ...          .... 
AllK'Ist     _      _ . 
Ht|»trmlM>r.-.       . 
< Irtober —  | 
Xuveinlier   j 
Den-mber           ..i 

'rimary titular iu M.Hiirrt'UI 
llltilurht 

Tutal malaria 

«L4 au.it »4.3 
HI» 2«. 1 00. 0 
J!>. 7 2!l. 8 40.5 
22.2 22. !l 45. 1 
24.8 22. :t 47. 1 
31.4 Hi. 1 47. 5 
J!). 7 14.7 ;J4. 4 
112 12. 4 28. 11 
117 II. 8 25. 5 
18. 0 11.8 211.8 
15.4 !>. :i 24.7 
Hi. 5 7.8 24. 3 

Primary malaria in unsuiiitnted areas, however, com Mined to »how a rote 
more than twice as high as in sanitated areas. liecurrent malaria was always 
present, dwe chiefly to turnover in personnel. Chronic relapses occurred 
among Puerto Rtcan troops, then replacing continental units in tike Panama 
Canal Department. 

The conquest continued with increasing success through I!>44 (table 24). 

TAB'.« 24.—Malaria rait» «/primary and rrrurrtnl eat» among I'.H. Arm» ptrmmxrl, I'anama 
Carnal Department, ty mantk, 1944 

fnatl mpnmta M—■NrWtotwpw «M— per IJW» im» »trnwth) 

Mwtb 

January... 
February. 
March  
April  
May  
June  
July  
Aucurt  
September 
October.. 
November 
December. 

mm* 

10. 1 
15 
14 
1.6 

m 8 
14.0 
18,0 
8.5 
7.2 
4.4 
5.0 
2.3 

Hnrawnt 
n^larta 

115 
ia» 
4.8 
4.6 
11 
R8 
6.4 
6.3 
4.8 
18 
5.3 
4.3 

Total taalMi» 

216 
114 
8.3 
6.2 

15.9 
218 
214 
14.8 
110 
11.2 
113 
6.6 
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The inevitable seasonal fluctuation* nrv still present, In» the improvement 
over the previous year is evident ot a jjlninf. 

One new, routine procedure adopted in 1J>44 was tlie spraying of screens 
in uusanitated areas with residual DDT. Also, water that could not lie 
eliminated by filling or ditching was treated with a ."» jiercem solution of 
DPT in a 4 to 1 mixture of diesel oil ami grade "r" fuel oil. 

Malaria discipline was curried to greater efficiency • lit«n in UM.'». The 
combined rate for primary and recurrent malaria for the year 11*44 was re- 
ported as 14.5. 

In 1045, the malaria rate fell still lower. The rale |»er thousand per 
annum for primary malaria became 5.8, for recurrent malaria. .'1.4. The total 
rate, 0.2. was the lowest yet attained in the PCD, and it was the Krsl time, 
since the PCD was established, that the rate among troops was lower than 
the rate forthe Panama Canal (table25). 

TADLE 25.—Miilaria mir* of primary nml rrriirrrnl rn*r* amima I'.S. Army prr*tmnrU I'niwmm 
Canal Dtparlmml, hy month, IU',/i 

IKattetpmscd m muntvr (4 e»r* per annum per lfm »vrfaar Mrmflhl 

Mnntti ' rrhnary nbb 
I 

TMal 

Jtuuiary - 
February 
March 
April. 
May. 
June. 
July-.. 
AuSUBt.    . 
September 
October.. 
November 
December. 

4.0 
2.1 
2.1» 
;i tl- 
Ue 
X. 4 
4.3 
4.4 
K2 
&• 
Ri 

11.« 

5.« 
4. I 
7.2 
4. 7 
4. H 
1.2 
:io 
a» 
t.a 
1.3 
2.2 
as 

11 H 
HI 

IO 1 
K« 

14.4 
HS 
K..1 
«,» 
ft* 
ft* 
\7 

14.» 

It will be seen that seasonal peaks, though real, are without arresting 
significance. 

Control measures remained much the same in nature as before. Filed 
reports refer to spraying all screens and screen doom as well as the interiors 
of occupied buildings, with monthly applications of A percent DDT in diesel «L 
Freon-Aerosol dispensers were reserved for use in the destruction of adult 
mosquitoes. 

At this time, responsibility was efficiently vested in three levels of au- 
thority. Each organisation looked out for maintenance of buildings and drain- 
age control in its own area. In all areas not maintained by organisation«, the 
post engineers, working in cooperation with the Medical Department Field 
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Sanitary Force, constructed mtil maintained malaria control insinuation*. The 
long-range (10-year) program was the responsibility «ft hi» I)t>|mrtiiH>nt engi- 
neer.   Malaria control continued to be a "coinimind responsibility." 

The fact that the December rate top« that of May and dune deserves 
special explanation. Malaria discipline is easiest to maintain when privileges 
are few. Thus, in the PCI), an exceptionally high standard prevailed during 
the first 10 months of HMf>; however, as the rates for Isrtli primary and recurrent 
malaria remained low or went lower, it became increasingly difficult to enforce 
malaria discipline. The constant example of stricken comrades was lacking, 
and the men began to feel that the danger had been exaggerated. When no 
malaria occurred in an organixation for several consecutive mouths some re- 
laxation of discipline was sure to follow. A real slump came during the lust 
3 months of l!M.r>, «Im overnight and weekend passes were again instituted. 
Added to the usual increase of anophelines at the end of the dry season, this 
resulted naturally in an increase of primary malaria for Decemlier 1U45. 

A renewed emphasis on the instructional program followed. All men 
going on paw were instructed to use t IK? issued repellents. It is greatly to tins 
credit of both medical and line officers, commissioned ami noncommissioned, 
that a "high sense of moral responsibility" was maintained. One report con- 
tains the comment: "Men free for the night wander far afield and wlien in 
certain environments cease to consider tlte dangers of malaria.** 

Bacftfhlti— «M MUHit—Rather complete statistics are available 
for the Panama Canal Department regarding malaria cases over a period of 
years. Table 96 inelades both primary and recurrent malaria among military 
personnel and represents the number of cases per annum per thousand average 
strength admitted to medical treatment facilities. 

TAMJC 2*.—AUmrk nttnfm- MM» I'.S. Armf ptrtmmmrl, Punmtmti Cmmml Dipmtmiml, 
I9M-4» 

tmtltmmwtmmmmwtU 

Tar a* Marimim                             Safe- 

Ian...                   
I«7  
IMS    . 
IM»    
IM0   

4ft. H 
44.7 
Sft.3 
31.4 
ft* 8 

iiiii 
«■a 

em
  a

«
  «an  «as 

61. M 
III. 7 
43.« 
14. ft 
9.1 

The relatively low rate for ltM» shows the effect of a consistent effort at 
control over a 4-year period, ander rather stabilised conditions insofar as troop 
motements were concerned. The expansion of activities during the next 8-year 
period, involving as it did the establishment of small outposts, emergency air- 
ieMs, and UM Kke, away from sanitated baste, found reflection in the rather 

in IMS, when the rate was more than double that of the 



1K4 ril.MMI-Ml.'AllLK IHSKASKS 

previuus year. Another factor was, the influx of new troops who luid no 
experience in dealing with malm in. 

During the next 3 years, a full-scalp control program was in o|iemtion, 
in which nil available methods were employed. The results speak for them- 
selves. Part of tlie decline in rate was of course due to the gradual abandon- 
ment of many minor outposts. On the other hand, the control program was 
sometimes handicap|>ed by delays in delivery of insecticides and repellents 
because the Quartermaster was under obligation to meet, the greater demands, 
in the far Pacific and elsewhere, which had first priority. 

It is of interest to note that, during the latter half of 1042, the malaria rate 
for Panama Division employees of the Engineer Service, Caribbean Defense 
Command, was only 52.52;M undesirably high, of courev, hut less than half the 
rate for PCD military personnel.80 The wide dispersal of the latter as com- 
pared with the relatively fixed location of tlie lal>or camps was presumably 
a factor. 

The story of malaria in tlie 1TD is also reflected in statistics from Gorgas 
Hospital, AiHiHi, <"X, over a 3-year |»eriod. During 1042, this hospital 
handled 4,510 cases of malaria, which represented 1.1.2 percent of its total case- 
load. In 1043, tlie figure stood at 1,843, or 0.0 ]iercent of all cases treated. In 
1944, tliere was a still further reduction to 1,071, or 4.0 percent. Tliese per- 
centages represent actual diagnosis of malaria by blood smear. 

Special Units, Organizations, and Project» 

Field Sonämry Force 

An important factor in keeping the malaria situation well in hand was the 
Medical Department Field Sanitary Force, also called the Field Sanitation 
Force. This organisation, composed of civilian personnel, was especially effi- 
cient in carrying out malaria control measures in and about military areas. 
Such a statement is all the more significant when one realises that the total 
strength of this unit in 1942 consisted of S sanitary inspectors and an average 
of 907 laborers < increased subsequently to 261). 

The Field Sanitary Force was established in 1939 by the OaVe of the 
Surgeon, Panama Canal Department, and was made up largely of men from 
the West Indies, particularly from the island of Martinique. 

Toward the end of the war, Panamanians came to predominate in the labor 
gangs, with the remaining West Indians serving as the backbone of the Force. 

mU*fr, VL Cat a. J. Lara«, MC. CM* Saaaaaa. Paaaaaa IH>UK «—I—»r Brrrw. rarikaraa 
'»«—' CMMMMI. la TW Sana*» nnml. IT.« Armr. M Urn. IMS. itnjNt: WMHMI lltatarr 11k« 
Paus» ItrrMaa. RwWnllmW. Carat n. M>WI'I«IBI. 1S4I-IM3. 

-(It la ISM. tw aailarla «Vat« rat« tor laajltjr«« af tV Faaaaw Caul aad Paaaaui Eallraad 
waa T« Mr ISS.SSS. MarkMllr raa aiara karaar. «1.1 arrrtat af aX raaaUyna Mas aaaritr»* ta 
Sla»—iTlta aa4 kaaajatala. By IM«, aaaaaakwai kaS arappaS la 1.« arrrrat aas Ik« Stalk rat« wa« 
• a*r laa.aaa. la ISO, tk» —laila rat* raa* la ?.« amwal. bat «raa aaaa wSaaiS »«a la, aaS lar 
ISM ataarf at l.M aamat. 49) Faaat, Bratat CarraU: Malaria lartaVar* la Xarth Aawrlra. Is 
Mabrlaaasr, aSMaa kj Mark T. Baa*.   FiMlllHIH: W. B. Saaaaar«O», 1*4* raL I, M. TUVTSS. 
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Working in close cooperation with tlie Field Sniiitiii-y Force was Muj. 
(luter IX. Col.) George W. Hamilton, SnC, who made the drainage survey for 
mnlnria control throughout the jiosts mid outlying ureiis. Working lx>tli in 
office and lield was dipt. Kmery V. Smith, MC, assistant malaria control onWr 
for the Itepurtment. 

In 11)40, the Field Sanitary Force was still engaged in control activities at 
airbuses und subbases of the Caribbean Air Command, though with reduced 
personnel. 

Army School of Malariology 
Facilities for training specialized personnel had come into I wing at several 

points in response to pressing needs. Cooiierating in these preliminary enter- 
prises were the Tennessee Valley Authority, the Florida State Hoard of 1 lealth, 
the Rockefeller Foundation, and the Pan-American Highway Commission. 
Tlie Army used these various facilities for training military personnel, hut the 
«•altered local ion of the training areas made instruction difficult and much time 
was lost in moving from place to place. The Surgeon General's Office finally 
succeeded in unifying tliese efforts through the establishment, at Fort Clayton, 
CZ..of tlie Army School of Malariology. 

Activation took place on Sät» January 11M4. Original authorized strength 
was 10 officers ami 14 enlisted men, hut this was increased on 1 April 11H4 under 
Special Manning Table 8-40-PC to 11 officers and 49 enlisted men. Col. 
Charles (t. Souder. MC, was appointed commandant. 

Dr. John E. Elmendorf, Jr., of tlie International Health Division, Rocke- 
feller Foundation, who had served 2 years as director of tlie Florida school, 
became assistant commandant. 

The mission of the school was to train officers ami units in Army methods 
of controlling malaria in endemic areas. To be eligible for training, Medical 
Corps officers were first required to complete a course in tropical medicine. 
Sanitary Corps officers (parasitologists, entomologists, and engineers) were 
especially selected by The Surgeon General. Enlisted men (from malaria con- 
trol and malaria survey units) were carefully selected on tlie basis of their 
qualifications. Laboratory technicians were ah» trained. Officers were trained 
in groups of 2ft to SO. 

The course, which was of 4 weeks' durst ion, was designed to present actual 
problems and practical esercWrw in malaria control (fig. 26). Night opera- 
tions were included as part of the instruction. 

The staff, as constituted in July 1W4, consisted of ten commissioned offi- 
cers, including a clinical malariologist (Dr. Elmendorf), an entomologist, and 
a sanitary engineer, each with the rank of lieutenant colonel. An entomologist 
and a sanitary emrineer, each with tlie rank of major, were aim provided in 
the table of organization. The enlisted personnel included seven technical 
sergeants of whom three served as instructors in entomology ami one in para- 
sitotogy.   In the grade of private there were also three instructors in entomol- 
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KNIic 'M.—l*araiilM<«y il*"». Army Schmil itf XUIurln^v. 

ofr>- nn<l one in |Mtra*itol<igy. Tltr author |>»TWMI«II_V Htlests that lliese eight 
enlisted instructor*, carried HM ~M»iiil»r>- technicians," «lid yeoman service. 
Most of these nie» Imtl m*-ived civilian education equivalent lo ihm iiMiially 
found in cnniiuiKtfioned pet-Nonnel. 

Experimental work under military auspices 
Pratactrre eM4au*j^-C'oiiftio>ral>le attention was given to |wnetral>ility 

of cloth to the bite» of d tseawe-carry'mg moHquitnex. Hyrd cloth, as tested aga inn» 
A. «tbinutnu* ami Aedtm oeof/tti, gave bent mniltH. If arm teats of an)- par- 
ticular fabric showed that the latter |K>rniitled penetration either in the dry 
or wet condition, or when soaked with sweat, that fabric wan discarded. The 
lasting quality of any fabric, under jtingl* conditions was, of conn», considered 
of major importance. 

It wan recommended that any uniform designed primarily for protection 
against mosquito bites should be larger than ordinär)' and loose Kiting. (Even 
so, the discomfort from lack of ventilation ran be considerable.) No mmquito- 
proof garment was intended to replace re|a>llents or malaria discipline in gen- 
eral, but rather to be uwd in combination with them. 

Exmniaaeata utiUmiac DDT.—(hi 10 .Seiitemlirr 1JM3, Colonel Cos was 
sent r> pounds of (iesarol (DDT) by air express, for trial use a* a larvk-ide. 
Fifty pounds followed by ordinary' shipment. ('rankest* oil, also diesel oil 
Xo. 2, had been recommended as vehicles for application.   This was the begin- 
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ninj! of a series of lieh I ex peri limits, which led finally tu large-scale treatment 
of extensive areas by airplane. (Vrtnin »s|iects (if these cx|ieriiiienls ami field 
trialsare summarised in |mragraphs which follow : 

The first significant studies on the ex|ieriiiieiiiiil list» of DDT us 11 lnrvicide 
were reported early in 1044. The following |N>ints seemed espomllv ini|Mir- 
tant:''1 (1) The new insecticide killed till larvae, both Anu/ihrlr* ami l-ntrr. 
as determined hy examination -J-l horn's after ii|)|iliculion (none of the control 
oils achieved this); (*J) a l-|>eirent concentration Cum of a pound |>er acre) 
wits quite as effective against mosquito larvae as a .'»-percent concentration (|in 

of n pound i»er acre) (the stronger concent rat ion was detrimental to lisli mid 
vegetation, while the 1-jierceiit concent rut ion np|>cuivd not lobe): and (i\) the 
lasting]»wer of the larvicidnl mixture is related to the character of the diluent 
and the method of application. Thus, a viscoiisoil mixture, distributed through 
marginal vegetation with n mop had a more enduring effect than u light oil 
mixture, applied with a kna|isack sprayer. In the former ease, a |iersistent 
film is renewed from the reservoir established at the margin. In impounded 
waters, such applications controlled nno|ibeline breeding for 4 weeks. 

Possible disadvantages were also noted: (1) Heating is necessary to put 
DDT into complete solution, es|iecially with the higher viscosity oils, and 
(2) the 1-percent concentration killed practically all forms of insert life in 
tlie water. Since this included adult mosquitoes alighting on the water for 
oviposit ion, malaria control was augmented, but tlie destruction of many forms 
of fishfood might well have adverse economic effects. From a strictly military 
standpoint, this was not of immediate concern, but, in the interest of long- 
range conservation, it was destined to have a limiting effect on tlie general 
use of DDT in postwar years. 

All of the field work, in connection with tlie tests described previously, was 
carried out by Capt. Emery V. Smith. 

During the calendar year 1044, two reports were rendered on tlie hand 
application of DDT as a larvicide, and three on the distribution of DDT by 
airplane. Hand application related almost entirely to larviciding, but treat- 
ment from the air was aimed at control of adult mosquitoes as well. Toward 
the end of the year, a specially constituted board of oaVers, including Navy 
personnel, made preliminary tests on the eaViency of a 90-percent solution of 
DDT by weight in "Velsieol NR TO," distributed as an Aerosol spray by a 
specially equipped combat aircraft furnished by the Navy. Teats scheduled 
for 1945 included large-scale distribution of DDT in various solvents by multi- 
engined aircraft of the C-47 and B-25 type. 

Various boards were appointed, augmented, modified, and superseded 
in the course of this work. It is not practical to list them all. A selected 
example will serve to illustrate procedure: 

« Vrttrr. CM. Wealtjr ('- CM. MC, Mum, PaaaaM Caul Draartamt. t» The Sartvaa Ormmi, 
D.s. larnj. 3 F»a. 1M4. Mbjwt: Utaort aa EaVac? at a New LarrirMe iDUT). laeawai« Uamta, 
IB Jam. 1M4, aaajart: OaatrraUaaa aa* CMBMI aa tka KaVaejr W New LarvlrMr taa Saa» MtWHii 
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In January 1945, a hoard of oftWrs WHS appointed to study certain aspects 
of malaria control." The personnel were as follows: Col. Charles G. Souder, 
MC, Army School of Mnlariology (Chairman); Col. Wesley C. Cox, MC, 
Headquarters, Panama Canal Department: Col. Harold K. Schneider, MC, 
Sixth Air Force; Lt. Col. Daniel liergsma, MC, Headquarters, Caribbean De- 
fense Command; Lt. Col. Alton H. Saxer. MC. Sixth Air Force; Maj. (later 
Lt. Col.) Charles L. Pierce. SnC. Panama Canal: Maj. Marshall licit ig. SnC, 
Gorgas Memorial Lihoratory: Ciijit. Kmery V. Smith, MC, Headquarters, 
Panama Canal Department. Itecordcr: ami Dr. HerlM>rt Clark, Director, 
Gorgas Memorial Laboratory. 

Three technical consultants were also designated: \A. Col. (laU>r Col.) 
John Q. A. Daniels, MC, Maj. Tristram J. Cummins. ,lr.. CWS, and Capt. 
William N. Sullivan, SnC. 

Included in the objectives of this study'1 were: (1) Action of various 
solutions of DDT against larvae and adult mosquitoes; (2) effectiveness of 
equipment devised for aerial distribution of DDT; (3) securing of information 
relative to tlie influence of terrain, meteorological conditions, ty|«? of equip- 
ment, and other factors on effectiveness of DDT: and (4) the effect of DDT 
on insects other than mosquitoes. 

A preliminary report was rendered 31 March 1945 on tests carried out 
in the Republic of Panama between 23 January and ft March 11M.">. 

Certain aspects of DDT airplane spraying tests in Panama are sum- 
marized from a report by Lt. Col. Oliver R. McCoy, MC:M 

The Army Air Forces Board arrived in Panama, 23 January 1945. These 
officers, from Wright Field. Ohio, and Orlando Air Base, Fla., were accom- 
panied by five civilian consultants; four of tltese consultants were from the 
VS. Department of Agriculture. Tliese were assigned by a special hoard 
appointed by the surgeon of the Caribbean Defense Command. Colonel Cox 
serve«! as project director. 

Two malaria control units, 30 Medical Department enlisted men, and 12 
enlisted men from the Army School of Matariology assisted in the work. 

The Signal Corps set up a communications system and furnished photog- 
raphers.   A complete weather station was established at field headquarters. 

The Army Air Forces Board took cliarge of application. Tie Panama 
Board evaluated results.   Five plots in a jungle area east of Panama City 

"l^tlrr. Col. link J. Urmrjr. Ann. A.IJataat iiwnl. IHtorr *t the IVfMrtaM-M ('«annaa**. 
HraaVqaartrr.. PaanaM Caul DrMrtamt. I. CM. Charlm O. Hm»lrr. MC. Army Mwnl M IhlllMwi 
(Ctolnaaai aM nWr. * ■ Bnarri of iMaWr» 33 )u. IMS. aaajrrt: AnaotataMt <H7 Hoard of 
<»» to Htaty Ortala Aaprrt. «f Malaria Coatral. 

~ Iraort. «'»I. Cbarlm (1. Saadrr. MC. Chalraua. Baanl or OaVrr» t« Tbr Tuaaauaillac <;■ —ral, 
Puaaata Caaal la-aartaarat. 31 Mar. IMS. mfcjrrt: 1'rrllailaarjr Krnurt of a Board >4 IIAma AMmlatnl 
la Stadjr IVrtala A»|irrtii of Malaria Coatrol. 

" Mratoraaduak I.t. Cat. O. B. Mn'of. MC. Wnrtor. Tro»lr»l |I|M«HP Oatrol IHrl.lna. Prrvrallrr 
IWWif »Vrvkv. nMrr M Tar Sancrna Orarral. I'.S. Srmi. to Art I a« Cfclrf. PrrrrBiltr Nnllrlar 
Barrier. Barn «a Orarral'» iMaVr. 1» Fra. IMS. aaajrrt: «lharf-rattoam ml IHT Alrataar Ran jla« Trat* 
taPaaaau. 
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were surveyed by the Corps of Kngitieers, and [MM-inieter sind diagonal trails 
were provided. Covering vegetation was about 100 feet above the ground. 
Preliiniiinry mosquito counts were made from human bait at 20 stations iu 
each plot and from a horse trap set in the center of each. 

Almost complete elimination of adult mosquitoes was accomplished in all 
the areas treated. Ijarvicidal effects were tested by setting out pans of water 
containing Aid in larvae at ten |>oints in each plot. Since .1. n/ttiiinuiiix larvae 
do not survive truiis|M»rtation. these were tested by exjiosurv in the lalioratory 
to water rendered toxic in the held. The larval kill depend- d on whether or 
not t he spray | MM let rated t he jungle covering. 

The number and size of spray particles reaching the ground were de- 
termined by setting out slides, coated with magnesium oxide, at each station. 
From 1 to 5 |ierveiit of the material reached ground level. 

Four plots were variously treated, using a variety of solvents. One plot 
was left untreated, as a control. All spraying was dime between 072a and 
0745 hours, a |>eriod when there was little or no wind. The plane used was 
a B-25 (.1) equip|M>d with a grid outlet. Kesults indicated that this type of 
equipment was more satisfactory than any yet develo|M>d for spraying DIJT 
in the field. Comparisons with exhaust Aerosol type of ap|»aratus had not 
as yet been made. 

Army Air Forces Hoard Frnject No. F -4005 was completed and imported 
on 11 April 1045. Large |»iylnad type aircraft had been used and various 
DDT solutions employed. These tests made use of a lake, a jungle area, two 
native villages, and six jungle test plots, all similar. 

On 17 March 1945, a special board of officers was created to study further 
certain aspects of the problem. This board included four officers from tlte 
Sixth Air Force. 

Csing a C—47 plane with a carrying capacity of WIO gallons of DDT in 
diesel oil, the group conducted numerous tests in four distinct areas: (1) The 
Chilibre-Buenos Aires area, involving a river, lake and jungle area, (2) the 
Farfan swamp area, ami (:i) t lie old French Caaal ana. 

Toward the end of tlie year, a special study was begun, involving four 
villages situated along the Atlantic coast, west of Fort Sherman, C. Z. All 
four were known as hyperendemic foci of malaria. The inhabitants of Pifta 
wen treated each week with the experimental drug SN 7,818 (chloroquine 
dipbosphate). In Lagarto, the houses wen sprayed or painted with a 5- 
percent solution of DDT in diesel oil. The village of Salud was sprayed from 
the air with the same preparation. Nuevo Chagres was left untreated, as a 
control. An expansion of this program was later put into effect. 

The Gor gas Memorial Laboratory 
Through tlie National Research Council and the Office of Scientific 

Research ami iVvelopmeiit, a number of problems relating to insect vectorship 
of disease wen studied at various locations.   Three projects of prime im- 
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portaiic« in the control of malaria were: (]) Tin» development of insect 
repellents; <:J) the development of efficient insecticides other tlinii pyrethrum; 
and (.'$) the «levelopinent of improved lnr\ icides for the control of unoplielinc 
mosi|uilo breeding/" 

The (iorgas .Memorial Laboratory, in the Itcpuhlic of Panama, was in a 
favorable location for this ty|*> of work, not only hecanse of climate and 
terrain hut also because coo|teratioii for military field studies was assured 
from the Panama Canal Departinent. 

liy memorandum of 24 April \'M'-\. four Sanitary Cor|is officers were 
allotted fur duty with The Surgeon (ieneral for the purpose of coiiduci ing these 
and other researches at the (iorgas Memorial Ijiltoratory.** 

Dr. Herbert C. (Mark, Director of tlie laboratory, acted as commanding 
officer of the group. The Anny jiersonnel, with dates of arrival and «le- 
part tires, were as follows:'" 

frrmmmtl m»4 aatr •/ mrriral */•(■» mit «/ t X»rrmhrr l»^s 
MaJ. Marshall Ilertijt. I.'i Jnite IMS  Still mi duly. 
Iwl 1.1.  «Inter •'(■■■I.I  AM'Mtiiiler (I. II. Kulnhilil. H A|.rll 

UM;»    Htlll on duty. 
1st I.t. (later Ca,*.i William V. MclhinV. 1« August 101.1. Iletairteil II  June 11M4. 
l*t l.l. «later Co|rt.> Hoy Mrtvln. 4 «Mutter 1IM.I  Iteiwrted   HI   St-|iteiiilier   1044. 
M 1.1. «later 1st l.l.» Harold TmH<b>. 4 Jnly 1(144..  Htlll mi duty. 
1st 1.1. Charles I). U libeller. l."> lte.-euil.er 11144  Htill (Hi duty. 
T/4 Kabul K. Fta-bter. 17 July 1IM4  IN-tnirteal 31 «Mailier liMI. 

It will lie seen that the allot I«HI strength of four officers, including one of 
field grade, was maintained throughout the |terrod concerned, ('apt. (later 
Maj.) Alexander (1. H. Kaircliild, SnC, had been a staff iireinlter of tlie (iorgas 
Memorial Laboratory for ."> year» previous to his military duty. Capt. Roy 
Melvin and Lt. Charles D. Mtcliener, who replaced him, were imHvrned with 
studies «HI thiggers. Tlie DDT aitarplteline |tro}e<'ts were, directeil by ("apt. 
William C. McDufie. His successor, -2d U. (later 1st Lt.) Harold T rapid«, was 
chiefly concerned with tlie village malaria control project. 

The headquarters of the unit were located in tlie (iorgas Memorial Labora- 
tory in Panama City. The Institute« animal houses, tlie insectary with its 
colony of A. olbimmm», and the service« of laboratory personnel were likewise 
available for me. 

In addition, tlie field station at Juan Mina, on tlie Cliagns River just 
inside the Canal Zone boundary, was much used. Moat of the repellent teats, 
the DDT anopheline work, and the village DDT spraying project were carried 
out from this point. 

•Ilnwu«n. Col. 1. M. HtMaall, MC. Iltrrrtor. Military Penwaaat, |OfBra ,4 Tb» Karim 
Of — rml. | I* TW Dirretar. Mllllurr Peri—rl IMTIKIM. Anar Servier Fonrm 13 Apr. IH1. »abject: 
AlWtaM-at af llMi I» Tbt Kinrraa Owral far ii Special Italy. 

■ Me—«■<—I. Brlir. Oea. KaaaeU II. «VraolaK G8C. Director Military Peraaaael IXrlrtM, 
inv aerrfcr* Peeee». for TV Manreoa Ueaeral. S4 Apr. 1*4.1. aabjert : Allatamt of Man 

■ Bertis, MaraaaU: Carwaormrleal f htory. Gor*.» MeawrUl Uihor«i..rr rait art" Saallarr Corp» 
Oateera. KM3-4B.    (OSMal recant] 
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The expenses of the unit's various projects were covered partly l>y the 
Gorgas Memorial Ijaltonitory ami imilly by fumls provided under contracts 
between the laboratory and tin- Committee on Medical Research of tlie Oftice 
of Scientific Research and Development. Certain supplies were furnished by 
the Army, as were two vehicles (but not their maintenance). 

Helpful contacts were maintained with the chief health officer of the 
Panama Canal, the surgeon of the PCD, und the surgeon of the Panama Mobile 
Force. This gave opportunity for the officers of the unit to visit held instal- 
lations and jungle outposts and to |mrticipate, with troo|>s, in field tests of 
repellents and protective clothing. 

Repellents Rutgers 1(1*2, dimethyl phtlmlate, and the Army's (\-2-2 mixture 
were tested against, A. nlb'iimiiiH». .1. tr'itiniiulatuH, ami four species of Man- 
oonia.   All were found effective against lioth anoplielines and culicines. 

Early ex|>erimeiits with DDT dusts as larvicides were not encouraging, 
and emphasis was shifted to oil solutions and emulsions. It was brought ont 
that sine« the effect of DDT in oil as a larvicide is very brief, its principal 
value lies in the practically 100 -wn-ent kill which can I* achieved with very 
small quantities of the insecticide, such as one-fortieth to one-twentieth of a 
pound |ier acre. 

Major Hertig and Captain Fairchild, as members of tlie board of officers 
serving under Colonel Souder, -Mrticipated in tlie experiments on spraying 
DDT from aircraft under jungle conditions. Dr. Herbert Clark ami memlKTB 
of the U.S. Department of Agriculture, Bureau of Entomology and Plant 
Quarantine, from Orlando, Fla., and Washington, D.C., also served with this 
group. 

Captain McDuftr carried out experiments in half-acre plots to determine 
the effects of DDT sprayed from the ground to control adult mosquitoes. In 
dense jungle, the beneficial effect lasted several days, while in open country 
tlie benefit was transient. The latter observation was supported by the sub- 
sequent work of Captain Fairchild in a cacao plantation at Almirante, Repub- 
lic of Panaua, where no effect was observable the day after spraying was 
carried out. 

The village spraying projects conducted by Lieutenant Trapido deserves 
special commenL In 1ft months of inrestigational work, he demonstrated the 
desirable effect of merely spraying the houses, which were built of cane walls 
with pahn-thatched roofs.** There is obviously no way to render such dwellings 
mosquitoproof. Five percent DDT in kerosene was applied inside and out at 
intervals of 4 months to house« in the village of Gatnncillo, in the middle 
Chagres River area.   Two adjacent village» were used as controls. 

As measured by house catches ami horse baited traps, a great reduction of 
anopbsline* was realised in the treated village and area close by. The degree 
of control improved with successive treatments.   During the third 4-month 

-Tm|>*4., H.: Th* SwMml Spra-rla« «t rtwrUlwo with DDT in tw Coalrol of Malaria Traaa- 
■hwtea la Paaaaw, With SptcUl Mm» te Ja*a*rln •IMMHI. Aawr. 1. Trop. X«d. M: 383-41S, 
Jalj IM«. 
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period, the ninlurin transmission |totential, as shown by captured A. albimanu», 
was reduced by 99.9 percent. Reduction in anopheline jiopiilation was evident 
for at least 300 feet into the forest. At the end of the lirst year, a decrease of 
the malaria rate was also observed.89 

Earlier work on projects siMiiiHored by the Office of Scientific Research and 
Development had lieen carried on by Dr. Carl M. Johnson who studied malaria 
antigens anil by Mr. Daniel M. Jobbing who investigated insect rei>ellents.70 

It should lie remembered that much of the knowledge that «as available 
concerning malaria in Panama at the outbreak of the war was the result of 
surveys and investigations carried on by the staff of the Gorgtis Memorial 
Laboratory. The tenth and filial report on a selected group of villages along 
the Chagres lliver was published in 1941." Species of malaria parasites were 
found in tlic following proportions: /'. fa/ci/iarum, 72 percent; /'. rirar, 22 
percent; and /'. malariae, (i percent. More than ha'f the population of the 
villages studied were positive for malaria one or more times during tlie year 
as shown by monthly surveys. Significant in the general findings is the 
conclusion that drug treatment, though it practically eliminates severe clinical 
malaria, cannot prevent an epidemic when unusually great numbers of the 
vector are present. It is, therefore, considered quite ini{>ossible to eradicate 
malaria parasites by such means, or even to reduce transmission to any great 
extent. It was established that quinine and Atabrine may be considered 
equally effective as antimalarial drags but that the use of Plasmochin (pama- 
quine naphthoate), because of its toxic effects, requires close supervision. 

The Pmn America Highway 

Along the Inter-American Highway, especially in Central America, the 
most important malaria vector is A. albimatm», with A. ptewlopmitctipefMut 
a secondary vector at high altitudes." From both a military and a civilian 
standpoint, it is important that halting places for travelers be made as safe as 
possible. Routine measures that render the large centers of population more 
or leas mosquito free are not practiced in the smaller towns of the rural low- 
lands, which, therefore, remain a special hazard in this respect. Surveys 
begun in 1943 by the Pan-American Sanitary Bureau showed that the risk 
of contracting malaria extoa for the most part below an altitude of 1,000 feat 

* la rrrrat /tan. a *mt a* rraartaarr «a the part af Ihr aaiaatllaia IM ana trawl!«'. TMa 
haa arm« »• W aw» t» a raaaar af miki haMta. warrray la* ■naallara »• liaeir ana walla af 
halhUaaa far rrrtla« aataaara. aa* tins teaa la ..oM caataet with thr trratnt «arfami. Tra», 
aarrtalaslral watuwi aa la (be aaaaraji. kaa aal fcrra eaaSnara.—L.D.W. 

*■ Lrttrr. Hrary K. lMrarjr. U.U.. «'«aaaltaat I« tar Hrrrrtarjr «t War. I- MwaVw «T tar Oalral 
Ammrtrmm fmmmlmhm ua ftrM lattrarthH» la Tmalral Mrtltriar. T Ar». IIM.T, laraaMirr UM-THM. naa- 
Jrrt. a*|MWt ■ * Taar «T «'i-alral SawrV-a Kor Ihr Parrm* •** Harrrjrla» Tmvaral IHMWHM 1'naaltloa« 
■ M Oppnrtaaltlr* tut FlrM K«arrlr*rr la Trnairal Mrvlrta-. 

"Clark. H. C, KM». W. H. W.. aaa Jokaiaa. D.U.: A Trat a Trar'a Oaarrrallaa oa Malaria la 
Faaaau. with Befrrraec la the Occarnara at Varlatlnaa la Ihr Parapltr laari, aarla* iVatlaanl 
Tmtani with Atabrlaa aad ruaamrhla.   Aa. 1. Trap. lira. 21: ihl-sla. llarrh liMI. 

n Jaahtoa, D. II.: Ahraaaa aroktraaaa ra H r»atr»l ilr laniqalro* ra la carrrtrra latrraairrtraaa *• 
Otatf» AarMca.   Hal. OSc. aaa. Piua. 27: 81a-*2«. SrwIraaVr 1*4». 
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and that only very rest rioti*l malaria centers exist ul>ove ;{,(HK) feet. Tliese 
isolated foci at. higher altitudes did, however, increase in number during the 
construction |>eriotl, Iwcau.« the infected laborers served as malaria reservoirs 
after returning liome. 

International conferences relat ive to t lie construction of mi Iuter-Aiucricun 
Highway date from ll'iill.™ Appropriations by the I.S. Congress began in 
ltfci."». The military value of the project was recognised after the bombing of 
Pearl llarlior, anil on recommendation of (Jen. lirchon 11. Soincrvell, Com- 
manding General, Army Service Forces, the War iie|>..'1meht took over the 
responsibility of construction in Central American count l'.-s on <l July 1042. 
Col. Edwin C. Keltou of the Cot|>s of Engineers -.van placed in charge, with 
instructions to make the highway jmssable for heavy military trattic, in all 
weather, from the northern border of Mexico t<. the Canal /one. This in- 
volved 459.7 miles of new construction, in addition to the improvement of 404 
miles of existing road; 690 miles of all-weather road were already in use. When 
the project was discontinued for military purpose» on 31 Octolier 1U43, approxi- 
mately 600 additional miles had been made passable, with some 233 miles of 
road in Panama and Costa Rica still be to constructed. It should be pointed 
out that at no time was the completion of tlie project considered an urgent 
military necessity. It, therefore, received a very low priority both as to mate- 
rials and shipping facilities. 

The. mileage to be constructed or improved under Army supervision was 
constituted as follows: 

Uilrmf 
IIMVMI. l*nnaiua, to La Cuocein'ioa. Panama     I.VO 
La Curate to lVilra». llnama, to San laidro del Oeneral, Coat a Rira la». 8 
San Ramon. Cnata Rica, to Nicaragua» border  irirt.3 
Xkaragnaa-Coxta Rlran boamlary to IHrianiba, Xk-ara«na    M. B 
Besaco, Nicaragua, to Hoadaran bonier    _   N2.3 
Hondnran-Xlearamm boundary to Ooawaran HITW »n ttalrauW-IIonduraK Imnler—   01.8 
OtMiirarin Rirrr to Kan Miauet. Salvador    as.0 
Ran Cristobal. Salvador, toGoateaula Cttjr  HMO 
Onateatala Cltjr to Mexican bonier  _._ IM.O 

Total   8*17 

Approximately 27,000 persons were employed by oontractora and IT.S. en- 
gineers.  C4 these 25/M0 were Central American natives. 

At. the beginning of the project, Colonel Kelton reqneated that two nffkers 
from the Medical Corps be assigned for duty with his group, one to serve at 
San Jose, Costa Rica, the other at Managua, Nicaragua. At the time, it was 
contemplated that approximately 130 men would be stationed in Panama and 
Costa Rica, 100 in Nicaragua and Honduras. The total allotment of officers 
was accordingly increased by this number, and two medical officers of the rank 
of major, experienced in tropical diseases, were ordered to report to Headquar- 

*TW later. Aawrlcaa niaaway, ■■ lateraa nVaort Fr— tap Oeaiailtte* oa anaitm IIO*M* at 
■•rremtatiT«*. t'.H. Cuaari m. IS Dee. ISM. 
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ters. Pan American Highway, |\S. Knjrineer Office, f^)s Angles, Calif., for 
duty in Central America. 

A list of medical installations eventually utilize«! or established in connec- 
tion with the project is shown intalile^T. 

T.tm.K 27.—Mnliral in*t<illation*. I'nn Aiiicriain lliiihiniii 

I'M»' <*H|NM'ilV 

Asslini«'«! NTMiniWl 

Ijumtliffl 
MllJUT!» I'Milan 

„- .                                                    _    .. _ _.. __    it'chiUi'tans 

I'mianiu: 
BoqtHTÖii Dispensary _ II II 
Kl Vulniii Iiiflriniiry., :t 1 

CuHta ltiru: 
Corn-dor. Diapciiwry 0 (1 
Salwlito  do 0 0 

l'o1r»To (intndc do. 0 II 
HIM'IMIM Aim« do. II II 
San lxidro <M <ic»entl HoKpilul   - 25 1 3 
Dominiral... Dispenxarv II 0 
Murho (Sap do. II 0 
Kl Kmpnlme    . do. 0 II 
Hun Joe Huipital .. 25 4 10 
San Ramon l>ii«|>eit»nr> 0 0 
Macacona Hospital 25 1 3 
f iuarimal.   .. Dispensary 1) 0 
La« Cunax  Infirmary 4 0 
RaRMC«... Dispensary (1 0 
Liberia Infirmary- - 4 1 
LaOnu Dispensary II II 

Nicaragua: 
Managua Intfrmary 5 1 3 
Han Uidro.- ..do_" 3 1 2 
Eat«U                      Hospital  25 2 ft 
DunialL Infirmarv » 1 2 

Hood ura»: 
Han Minw  . . .      do. « » I 
El Baoqutto      .      do  3 0 1 
Ctaohiteen                                 do  tl 1 3 
Nacaome  HoapHal  25 2 5 

Id Salvador: 
Hanta ROM...  Dispensary. 0 U 1 

Kmnf. nntoa ant CmtUmelim M Pm Anrrkaa HtrliwiT, r«r|a •* Em lam» HM« ■tad Ma« ■apt», TO«. I, 
Pintfy na, a. SBL 

Besides the officers assiffneil to Central American duty for the duration of 
the project, several others served the area on a temporary basis. Through the 
efforts of Col. (later Brig. (Jen.) l^ran A. Fox, MC, it was suggested that a 
limited number of medical officers, win» had completed a course in tropical 



HOI'TH ATLANT«' AMI I'AHIHHKAX AKKAM 1J>5 

medicine, should In» assigned to tIt«* area temporarily, for I In- dual pur|mse of 
serving tin» organization ami gaining ]>crsoiial experience in tl,c hainlliug of 
tropical diseases. 

This was made o|M>rntiv«> in March VM'-\i as a result, nine officers, selected 
by The Surgeon General, report«! to the project iiiptlicul director and were sta- 
tioned at const root ion cani|>s and other |M>iuls when» training facilities weiv 
suitable. By a system of rotation, each officer trainee was bronchi into contact 
with nil tropical diseases and sanitary problems related to the project. 

Climatological factors affected both engineering and heallli problems. In 
Central America, as stated previously, there is usually a wet and a dry season. 
As a rule, the dry season begins about the first of December ami terminates in 
May. The. rainy season of 1!>4'2 proved abnormally wet and long, in some 
localities extending to February VMA. By contrast, the rainy season of 1JM3 
was abnormally dry. 

In most years, western Panama and south Costa Rica receive a heavy rain- 
fall. Toward the north and west, this diminishes, with Nicaragua ami 
Honduras receiving the minimum. There is then a gradual increase through 
El Salvador and eastern Guatemala. In western Guatemala, heavy precipita- 
tion is the rule. 

In general, the wet season is favorable to mosquito breeding throughout 
Central America. The heavy rains are not handled adequately by the drainage 
channels which effect control at other times, and fresh breeding places are thus 
created. By contrast, the dry season is unfavorable to adult mosquitoes and, 
though breeding goes on, the average female rarely survives long enough to 
become infected. 

Early attention to malaria prevention was inclined to be haphazard. Dr. 
Henry E. Meleney," Consultant to the Secretary of War, made an extensive 
tour of the Central American countries in IMS. In Costa Rica, at a new camp 
and hospital for Army engineers near Esparta, he found screen doors of mess- 
halls opening inward and moaquitoprooAng of buildings incomplete. At • 
similar camp near Las Canas, he found windows of sleeping quarters furnished 
with shutters but not with screens. Gauxe was used on doors instead of wire 
screens, and some doors had no springs; however, mosquito bars were in use. 

Based on recommendation of the Pan-American Sanitary Bureau, pro- 
tective sanitary measures were instituted in construction camps along the high- 
way, particularly, in Nicaragua and Costa Rica. In Costa Rica, from 12 to 
40 percent of all time lost by American labor had been traced to malaria. 
Ditching and the use of oil larvicides were emphasised. 

In Nicaragua, DDT was used both as a larvicide for the spraying of build- 
ings in the larger, newer camps along the Rama Road. This road branches 
from the Pan American Highway near Lake Managua and Lake Nicaragua and 
proceeds to the Atlantic Coast. Certain camps in Honduras received similar 
treatment.   In all cases, control wag adequate. 

» in iNMr T», p. 1*3. 
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In the smaller, temporary cam|is, where ex|M>iulitures for drainage could 
not be justified, larvicidiiur, Uigethcr with spraying ami sciwiiinj» of burrocks, 
gave reasonable control. 

A s|iecinl as|ie<'t of the problem WHS related to the larp- niimU-rof iiti|»>rt<*<1 
laborers who proved to lie malaria carriers. Treatment was hist iliited. not only 
for those with symptoms, but for all carriers who could lie discovered. 

The muh rhi situation as of :i<> June I'M'-i is well set forth in a letter from 
Colonel Keltou to the Chief of Engineers. U.S. Army.™ The plan of medical 
care had lieen develo|ie<l in accordance with recommendations of Colonel Fox 
who, acting for the Office of The Surgeon (Seilend, iiiiiducte<l a survey of 
medical conditions in November VM'2. 

The administration of tlie Pun American Highway in Central America 
operated as two units. The northern area, with headquarters at Managua, 
Nicaragua, included Ciuatemala. El Salvador. Honduras, and Nicaragua. T1M 

southern, or San Jose area, which included Costa Itica ami Panama, was 
administered from San Jose, Costa Rica. Tlie chief medical officer, who main- 
tained headquarters at San Jose, hail assigned to his staff one officer trained 
in entomology and malaria control, also a sanitary engineer, similarly 
specialized. 

All personnel station«! in malarious areas were required to sleep under bed 
nets, but screening for barracks and messhalls was not at lirst available. Until 
this could be provided, mosquito netting was used in several places to screen 
messhalls. Citizens of the United States were required to take suppresBiv« 
Atabrine therapy. 

Local health agencies gave full cooperation in the control program. 
Approximately 375 eases of malaria occurred lief ween July 1W3 ami June 

1M3 among the 2^00 TT.S. citizens on duty with the Pan American Highway 
in Central America. This 15 percent, however, occurred in less than lialf the 
total personnel, chiefly among those stationed at ports of entry, or on duty in 
hyperendemic areas, or engaged in survey work. It should ahn he noted <hat 
the wont malaria epidemic in 90 years occurred during this period in the coun- 
tries concerned. Nicaragua and Honduras suffered most, chiefly because of a 
great scarcity of antimal«rial drags. 

In the San Jose area (Costa Bica), employees tost tune because of ma- 
laria n daring every month that the project was in operation. In a period 
of 10 month», a total of 187 eases (by monthly increments) handicapped prog- 
ram in thia area alone. 

Three millkm idler plm for Ae Cemml Zorne 
AM mentioned elsewhere, a complete survey of all posts, camps, ««bases, 

and stations within the te ritorial limits of the Csnsl Zone was made in 1W3. 

»Latter. Ol. Batwta C. KcMaa, Omrrm «f ■■al»ir». HrntH, P» Aatrrtraa lllrt».y. r.S 
Kartarrr OaV», Saa lernt, (Mt Uta, to Tfc. Cataf «f Eaglam», PSA. Waaalaaia«. IM".. S3 A« IIM.1. 
«aajMt: IMkat ArtlTltfaa, Pan iMrini Mjinrar. »Vrtod Tnm Ulttatto« mg Frwjrrl t- w Jaar IM.i 

* Mn ami C—«tract!— at Paa Aawrkaa Hfcjtnno'. OHM ml Pintail« HMarfcml »Mc«n»k 
«I. 1, rekraarjt ISM. 
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The resulting maps showed all drainage systems, watercourses, mul iiii|>ouiHlexl 
bodies of water. The recommendations regarding malaria control involved 
three phase», based on relat ive urgency. 

1. Projects requiring immediate action, to lie completed as soon as jmssible 
and in any case within i years. 

2. Projects to lie completed in the near future, with an outside limit of i 
yen»«. 

3. Long-range projects, requiring completion within 1» years. 
It was estimated that the entire plan would require the ex|ienditure of 

approximately $3 million. When completed, this would acnimplish complete 
sanitation (with reference to malaria control) for each military installation 
and its environs within flight range of the aiiopheline vector. 

Funds for initial operations were made available in 1044, and the Depart- 
ment engineer was instructed to begin work 1 January 1945 on six projects, 
to meet immediate needs. These included the posts of Corozal, CJL, Albrook 
Field, Fort Kobbe, CJL, Howard Field, France Field, Fort Davis, GZ., the 
Chiva Chiva Signal Corps area, and the outlying »re» of Albrook Field »long 
the Fort Clayton, Corozal, Albrook Highway. 

A sum of $880,000 was expended during the Sscal year IMS for labor 
»ml approximately $120,000 for material. An appropriation of $400,000 was 
allocated for 1046, and an equal sum was approved for 1047. 

Plans for 1947 included work at Fort Gulick, CJL, Fort Sherman, Fort 
Clayton, and the Coroxal Cemetery. 

The surveys, on which these projects were based, am models of detail 
and include specific recommendations a» to use of round tile, inverts, and 
culverts, in addition to showing each location where filling, regrading, ami 
paving should be carried out" 

ANTILLES DEPARTMENT" 

Climate, Topography, and Population 

The Greater Antilles and Leeward Islands »re generally similar in tem- 
peratures. The entire area lies in the belt of the northeasterly trade winds, 
which makes for an even temperature, ranging between 7S* and 95° F. Pre- 
cipitation may vary greatly, not only from island to island, but from year to 
year in the same locality. Heat and humidity »re not oppressive except in 
shsstewd »was, most of which are some distance from the coast. The "prickly 
heat ■Bason" in Puerto Rico extends from May to September, in typical years. 
Cuba has a definite rainy season which occurs in June and July.   In Puerto 

■n*ri aad ■■■■liinUry naarta, t—HfctT wttk rat ——a»aria« a»»», iwnr a« 
A, ■, aaS C at ntaew II. Ta» FwrtaUaa «t pan« la tat U.S. Armr Darlw WwM War II— 

Caaal DaautaMBt 
i atbmrtt» laSkatt«. aU aata la tab «-cttaa hare ami waaaMwi rraai tat Aaaaal 

Miilut Baaait—1 AtMrtnt», AaMfca Diaai Ban*, ieta-4». 
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Kici», nt cousin I levels, .Itinutiry through Muivli »re generally very «ley, ami 
tlie fall inontlis aiv almost always wet. This was sharply reflect «I in the 
seasonal «listrilmtion of nuiliiriii and malarial mosquitoes. In other islands 
of the group. |ierioda of no precipitation nlternnte with short periods of local 
showers. In Saint ('mix, rains aiv rare, anil only by drilling deep wells is it 
|tossil>le to olitniii fresh water on this island. 

Culm is the only island with a fertile central plain. Its soil is derived 
from Laurent inn granite, like that of the A]t|mlacliian region. The rest of 
the islands are more or less mountainous, with rather narrow coastal plains. 
Puerto Rico shows much heavy Imdied clay and has a great deal of limemck 
and granite as well as scattered schist. Although generally »emi|iermeuhle, 
its soil becomes highly ini|>ermeal>le where tlie sodium or saline content is 
high. 

Tlie relatively i>orous soils of the remaining islands owe their character 
largely to having lieen derived from lava. Tlie role of coral in building these 
islands has been disputed. Kxcejit in the ltahamas, tlie importance of coral 
is considered quest ionahle. Halt marslies and fresh water swamps characteriae 
tlie coastal areas and contribute to mosquito production, with or without 
malaria. 

Though Calm and Haiti are somewhat less iiHigesteil, human |">pulation 
is generally ilense in the Caribbean. In most islands, the average is close to 
a tlMMisaml people |ier square mile. The Negroes, who outnumber the white 
population perhaps .UN» to 1, at least in tlie |«st. have tended to be somewhat 
nomadic, shifting from island to island in small boats. This habit, added to 
MKioeronomH' ami climatic similarities, lias brought about a distribution ol 
disease that is quite uniform throughout the area. Malaria ranks with tuhemi- 
losis, syphilis, and enteric infection as diseases of greatest importance. In 
Haiti, there is a high incidence of yaws. 

With the exception of Cuba, the islands of the Antilles are tlie eroded 
tops of mountains or mountain ranges. Malaria was concentrated chiefly in 
the peripheral coastal plains with inland indentations along stream terrace«. 
Malaria prevalence was greatest in Haiti and Saint Lucia, with the Dominican 
Republic a don third. Them islands, Saint Lucia and Hispaniola, were 
similar to the three Guiana» in this respect. In Puerto Rico and Trinidad, 
the incidence was somewhat lower but was still suaaeieut to aaahe amkrta a 
leading cause of death and in all probability the moat coaunoa disabling 
illness.7* In all eight places mentioned, it was a primary deterrent to economic 
development. Of the 7*4 million people living in these countries or depends» 
cies, nearly Q million were concentrated in the more intensely malarious 
portions. 

Permanent malaria control measures must be extensive in xeope, sine« two 
of the four common vectors (.4. n/bimtnttt* and the .1. afwualU-A. tmnimmculm- 

■I. M.: A DUtmilin it QuUa— Malarta OMWHI  1. Xat. Malaria Bar. 4: laa-iee, 
tauL 



SOUTH ATLANTIC AND CARIBBEAN AREAS 190 

tut complex) breed in a wide range of habitat, including temporary accumula- 
tions and saline waters. 

Though rural rates are generally higher than urban rates, the problem is 
still acute in many principal cities. Lt«ck of planned control by governments, 
long-effective flight rang» of certain vectors, abundance of breeding places, and 
general lack of protection against adult mosquitoes are contributing causes. 
Costly antilarval measures are economically feasible, however, in urban areas 
(in terms of per capita cost) whereas, in nonurban districts, they cannot be 
supported. 

Such was the general background against which military malaria control 
in the Caribbean was carried to a successful conclusion. 

Greater Antilles 

Cake.—In 1943, Cuba had practically no public health workers on a full- 
time basis. This tended to slow down any modern program for liealth im- 
provement, though great strides had been made in the early years of the 
century, and these gains had not been lost. 

Thus, in 1900, malaria was rampant, the mortality rate being 254 per 
100,000 population. A National Department of Health was eatablislied in 
1909, with a director of cabinet rank, and, by 1913-14, the mortality rate had 
fallen to 18. There wen several epidemics in 1920 and 1934, and mild ones hi 
191ft and 1926. By 1941, however, the mortality rate was down to 4 per 
WOflOO." 

The disease is endemic in all parts of the island but occurs moat frequently 
in three regions: The valley of the Bio Canto in the province of Oriente, the 
coastal regions of the province of Pinar del Bio, and the coastal plains of 
north Camagäey. Plnmod'ntm maUtritu is rare. In some regions P. vhmt 
and P. faleipamm are equally common.   In others, P. eteaw predominates. 

Five specks of anophelines are native, but A. Mimmuu is the only vector 
of malaria. It ia, however, the most common species. In and about Mariaaeo 
(near Havana), mosquito breeding had been controlled for some years by the 
combined efforts of the Health Department ami the BocsjefeUer Foundation. 
The important U JS. base was located at Batista Field, Cuba. 

, B»WJ^-Jamaica, the largest British Island ia the West Indies, 
1410* sqaare miles, of whkh about 94« are ist, coimnthm; of alrarimn, 

marl, and swamps.   These areas at« chiefly eeaatal    Bluffs, plateau country, 
MM GMaClsU  mVOVnWtUBB  III  ■jnCOUnUsrOQ   IB ■VOOMBWM   ■• CBS   pMMUaswCS UM 

Public health and medical services are combined in one department, of 
three divisions, one of which k devoted to communicable disease. Malaria 
control is included among five euhdivismns ia this division (1948).*' 

«MISIII MS Saattarr Data M ML    PvraanS hy M*«WI IaMttatacc Btaacfc. mwUh, 
> MMi», UJL Anu. S» Jew ISO. 

»Iilrt Mai. M. J. Him, MC, DJ, Arav, aatjNt: SaaHur femr af fa. Iaata* «f JaaMtoa. 
la-M May 1M1. 
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The disease is most prevalent in certain coastal ureas lmt may extend 
inland up to -2,<NK> feet. The chief vector is .1. itlbimiiitux, which is found 
more abundantly »luring September, October, und November. Most of the 
cases of malaria occur lietween June and January. Areas most productive of 
the vector are the vicinity of Annotto Day, Oracabessa Bay, Fahnoiith, Saint 
Ann.s Bay, and Montcgo Hay. 

In 10411, the island had 17,441 reported cases of malaria, with "nil deaths, 
but very few were confirmed with smears. Malaria control followed modern 
methods but was handicapped by lack of funds. Nine hundred Canadian 
soldiers brought to North Kingston, in Octolier 1!*40. used lied nets und rejiel- 
lents hut slept in unscreened lmrrncks. Eight cases of malaria occurred in this 
group within approximately 6 months."2 

Tesls have shown that in Jamaica, if nu animal Iniit trap attracts more 
than live .1. iilhiinauu* females per night, a critical concentration exists, and 
malaria transmission may be expected. During a 3-moiith |ieriod, within 
which this index was reached, 11 percent of the local jieople within 2 miles 
of a certain U.S. military installation re|»orted chills and fever, and four 
military cases of malaria occurred.v: Aerial spraying of DDT at biweekly 
intervals corrected the condition. Screening of quarter» and proper malaria 
discipline were continued. It is interesting to note that under similar circum- 
stances tlie critical .1. albimanu« index at Losey Field in Puerto Rico was 
found to be two rather than live; a rather special case. 

American troops were stationed chiefly at Fort Simonds, Jamaica, B.W.I., 
and at Vernam Field. 

Antimalaria activity here, as elsewhere, was divided into temporary and 
permanent control. Much of the latter did not get beyond the recommendation 
■tag». The temporary control consisted of oiling small ponds (if not used by 
cattle for drinking purposes) and other accumulations of water in gullies. 
Paris green was used chiefly in areas devoted to rice and cane cultivation. 
Tha supply of paris green, particularly in IMS, was not always adequate. 
Beginning in 1944, oil was used only on the post. All extracantonment work 
was carried oat with paris green and lime dust. Chiefly important in the 
good results achieved was the supervision of extracantonment control work 
by personnel of MCWA (Malaria Control in War Areas), U.S. Public Health 
Service. This was essential as three-quarters of the mosquitoes on the poet 
wen probably produced outside the base, in camnelds and ricenelds. 

The routine educational program at Port Simonds and Vernam Field 
consisted of lectures to all members of the command, together with special 
instruction to two members of each unit. There were only two cases in military 
personnel in 1044, one of which was recurrent.   But in spite of this success 

«Maateal aai SmarUrj Data M JaaaUca aaa tk* dajraaa Maate   Prtaaiad kr kMtal IaMtt- 
■w PIi)■!■■. FrwaatHa MaataH» Santa«, OaVt «f Tk* luiin Ocawal VM. Armj. 19 Aaa. IMS. 

«. A.: AaiakiHai Tk    I II at Malar* Traaamkataa Hate« in Jaaulra.   Pak. 
,nari»m 
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from a military standpoint, the island still remains dangerously malarious. 
According to Colonial Reports,"4 there was a sharp outbreak of malaria in 

the Bull Bay area, 10 miles east of Kingston, early in 1D50. During the same 
year, government hospitals and dispensaries reported a total of 17,820 oases 
of malaria. The need for cooperation between the l~.S. military and island 
authorities would thus still be very great in the case of any future operations. 
The Colonial Report for 1040 ""' gives 4,011 hospital admissions with 1B1 deaths, 
with outpatient attendances for treatment numbering 14,014. 

Haiti (Humaniola).—Although the United States did not maintain liases 
on this island, a few remarks on the malaria situation are in order. According 
to Caldwell's report on malaria control in the Dominican Republic,9* malaria 
is present everywhere, increasing especially in the spring and fall, when rain- 
fall is greatest. Anopheles aibinutnu», a versatile breeder, is the principal 
vector. The malaria work of the government is assisted by the Institute of 
Inter-American Affairs. Surveys carried out between 1941 and 1044 showed 
that 0.8 to 38.0 percent of the population have parasites in their blood. 
Spleen rates, by communities, ranged from 0 to 42.8 percent. In 1,374 positive 
blood smears, the various types of Plusnwdium occurred as follows: /'. fafci- 
parwm, 72.8 percent; P. viva», 17.2 percent; /'. malariae, 4.7 percent; and 
nixed, 5.3 percent. 

In the Republic of Haiti, recent surveys showed that 86.6 percent of all 
malarial infections are caused by /*. vimut. Mixed infections accounted for 
2.6 percent. These included a few triple infections. Three species of anophe- 
lines an found, A. albmumtu, A. grabkami, and A. ve»tUip*n*H." The first 
is present everywhere. 

The population is almost entirely Negro and numbers approximately 
8 million. No reliable vital statistics are available, but so far as malaria is 
concerned, clinical manifestations an usually conspicuous only in infants. 
The higher mountain valleys and the southwest slopes, with scanty rainfall, 
appear to be malaria free. 

Puerto Ricaw—Puerto Rico is an island of approximately 3^i34 square 
miles, with an equable climate and a population of 2.2 million persons. An*pk- 
•IM albimmntu ia found everywhere except on the central 
ridgo. The possibility of eradicating this species has been much 
A marked reduction in breeding activity between January and April could 
perhaps be made the basis for procedure. A campaign, consisting of krririd- 
ing and residual spraying for adults, might be started at any point and eon- 
tinned around the island, with the mountains on one flank and the sea on 

: Uta stajntra Btattaasrr oav*. last, »a. «J-aS. 
twmm Britta* Cilnln. naaWawrtai «a* !>■»..li.rl» tut tW 

ilSSS-lMl.   JuaJm.lMa.   Traa.m«.naM.«S(Baj|l.>;llll ST. ISM. 
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the oilier. A test program on the smaller island of Vieques has been 
suggested.1"1 

Puerto Rico, being an American itossessioti, was very imluntlly the center 
of military organization and administration for the Antilles Department. 
The Army had installations at Borinquen Field, Camp Tortuguero, Fort 
Buchanan, where the Antilles General Depot was located, Fort Brooke, Camp 
O'Keilly, Losey Field, Henry Barracks, and Fort Bundy,™ together with a 
large number of lesser installations largely for coastal defense or for anti- 
aircraft protection, of which Camp Ensenada Honda may lie mentioned as an 
example. 

The problems of malaria control at tliese several Imses will lie treated 
at some length in the sections which follow. 

The Lesser Antilles (Leeward and Windward Islands) 

The Lesser Antilles included the British Windward Islands, the British 
Leeward Islands, the French West Indies, and the Netherlands West Indies. 

Besides Trinidad and Tobago, the British Windward group includes 
Barbados, Grenada, Saint Vincent, Saint Lucia, and Dominica. Principal 
administrative units of the British Leeward group are the British Virgin 
Islands, Antigua (with Barbuda and Bedonda), Montserrat, and Saint Kitts- 
Nevis (with Anguilla). 

The French West Indian islands consist of two colonies, Martinique and 
Guadeloupe, with a number of small islands governed as dependencies fron 
the latter. 

The Netherlands West Indies lie in two groups; Curacao, Arabs, and 
Bonaire lie off the north coast of Veneraela. The second group is situated 
to the north of Saint Kitts, in the British Leeward chain, and include Saint 
Eustatius, Saba, and Saint Martin. 

In a IMS survey, Barbados was reported free from malaria. Otherwise, 
the disease was considered to be generally present throughout the Leaser An- 
tilles, with A. «&MMNM and A. mpmrniu serving aa the principal vectors." 
Malaria is a year-round disease in this put of the world, though most prev- 
alent during and after the rainy season. Backwater fever has been reported 
in Martinique and Guadeloupe. 

The Vfagfci laluaa. at* the United Statnv-Tb» principal island* are 
Saint Cront, Smut Tnoanaa, and Saint John. On the island of Saint Croix, 
the population k hugely run], except for the two snail municipalities, Chrie- 
tiansted and Frederiksted.   On the island of Saint Thomas, the population 

1. M.: TW Sin*i»tt— mt An.,**,, atawaaaa» la ram* *K»    ■■ KrafcMrtr Dfara»- 
Urnm» S: 4S-M; tT-l«l, Jaa* amt SialiMBii IM*. 

mt Mi Pel Dnuamt ActhrMm, Aatttte* Ptaa WKt, rnrnttlvt lhatela«.    lOSMal 

■a« SaaMarr Data «a tac I«T A.IBU.    Pwaaiwi ky Mt «Hal IatvMmw Hurt, 
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centers briefly in the town of Charlotte Aiimlie.    Saint John is sparsely 
populated.*1 

Malaria occurs usually in the benign, tertian form. The rector is A. Al- 
bvmanu» which is widely distributed. Although the U.S. Virgin Islands had 
suffered epidemic malaria in the 1930"s, they were free from indigenous malaria 
during the war years. The few cases among military personnel were shown 
to be imported. Only small numbers of A. albimanu» were found on Saint 
Thomas and Saint Croix during surveys conducted in 1944. 

The Army installation on Saint Croix was Benedict Field. Camp liar- 
wood, on the island of Saint Thomas, was a gun position at an elevation of 
about 1,000 feet. It would have been safe even if a malaria problem had existed 
eh*where on the island. 

Antigua.—Because of the early fall of France, U.S. bases and <>utj>osts 
were located chiefly in British (and Netherlands) territory. It is not possible 
to include detailed information concerning each of the islands where troops 
were stationed. Antigua, one of the Leeward Islands, and Saint Lucia, one of 
the Windward group, may be cited as examples: 

The British Island of Antigua has an area of 108 square miles and a imputa- 
tion of approximately 35,000. The climate is drier than in most of the West 
Indies, with an average rainfall of only 43 inches. August through October is 
the hot, rainy season. Fresh ground water is soon mixed with the sea water 
which infiltrates the substructure. For this reason, the island suffers from an 
inadequate water supply. 

Both A. albimanu* and A. tar*imac*I*tw< (A. aqnatali») are present. 
Malaria follows the rainfall. In 1936, when precipitation was 74 inches, there 
wen 8,459 cases of malaria, with 40 deaths. In 1938, when only 33.06 inches 
of rain fell, the number of cases was 1,173, the number of deaths, 8." 

The area on Parham Harbour, utilised as a VJS. Army base (Coolidge 
Field and Antigua Base Command), was at first believed to be in a dangerous 
location. Winthorpe* Village, a Negro Tillage of some 300 inhabitants, jutted 
into the center of the area on Parham Harbour, from the West. In his 1941 
survey, Colonel Fox recommended either that Winthorpes Village be relocated 
or thai UJS. forces be given complete jurisdiction over its sanitation. Careful 
investigation by John M. Itendenon, Sanitary Engineer, (R), of the MCWA, 
failed, however, to confirm Colonel Fox's suspicions. The daily tidal character 
of the great mangrove swamp nearby apparently rendered its water unsuitable 
for any significant breeding of A. Mimimut. 

Military communications show very light infection among troops for 
1943, during which year the total number of cases was 16. Six of them were 
primary and ten recurrent, with the probability that the majority of the in- 

» Mt««! «a* RaalUrx Data «a Ike Virata Maafc at tat UaHed SUIn. CMaaUai kj MM MaMral 
laMujam Braach, TwmmUn MaMn Mranaa. Oraa» * Ta. BarfMa Qcarral. U.S. Arajr, St Ort. 
IMS 
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feet ions were contracted oil the base, which was rather constantly exjiosc«! to 
westerly winds. Main infective nreas on the island of Antigua were Freetown, 
Bethesda, Libert«, Old Kond, Urlins, and Johnsons Point. The city of Saint 
Johns was practically malaria free, in spite of a fairly high percentage of 
vector anophelines. The British Colonial Government health officer was active 
in li)44, with engineering projects aimed a» mosquito reduction. Military re- 
ports for that year listed 10 malaria cases of which 0 were primary and 4 
recurrent All these cases occurred during the tirst 10 weeks of the year, tlie 
majority in newly arrived troops from Puerto Rico. 

Antigua was known to be moderately malarious before it was used as a 
US. base. British reports list 1,450 cases in 1040 and 474 in 1941. In 1041, 
there were nine deaths.*9 

Saint Lad*.—The British Island of Saint Lucia, rf.'W miles north of 
Trinidad, has an area of 233 square miles. It lies approximately midway be- 
tween Saint Vincent to the south (also British) and the French island of 
Martinique, which is almost due north. 

Although rough and mountainous, the island is very fertile, and all forms 
of tropical agriculture thrive. Sugar and other products are exported. The 
narrow river valleys are subject to great landslides, with occasional economic 
disaster. Precipitation exceeds 100 inches per annum in the mountainous 
interior, sometimes decreasing to near 40 at the coast 

Floods are rare but draught is unknown. Tlte first 4 months of the year 
tend to be the driest 

The temperature ranges between 70° and 00° F.. and the northeast trade 
winds are an almost constant influence. At Castries, which has an elevation 
of approximately 845 feet, the wind direction is so constant that a one-direc- 
tional airstrip is sufficient 

Racially, the population is largely Negro or mixed Negro and white. Small 
numbers of East Indians are found, and still fewer of European descent. Be- 
fore the onset of the war, malaria had always constituted the main health 
problem on Saint Lucia and in mod yeui.s flood higher than all other reported 
causes of death.** It doubtless caused more nonefectirenew than all other 
diseases combined. 

The U.S. Army base at Vieux Fort, likewise the Nary base at Gros Islet, 
were potentially unhealthy spots. Sixty-five percent of the nearby native 
population showed malaria parasites, a higher percentage than in any other 
parts of the island. 

In 1M0, according to British reotts,** the recorded incidence of malaria 
showed an upward trend.   This was due, it is believed, not to greater prev- 

"■taaVal aad Saattary R*fwrt» frsai Brittoa Coloalni. Pratfvturatni aa« P*a»aa>ach» far UM 
raai» nSB-lML   Aatttaa. 1H1    Tn» Ms. BalL 41 (Hapal.) : 2M-2U. IM4 

"aVaart, U. CM. Laaa A. ras. MC, U.S. Armj. aaajart: Saattarr Sam? af St. Larta. Plitaa 
Wart laMi«. 1M1. 

•ataaVal aa* Saattair ll|MU tnm Britfah Cblaal—. rnMmki aaa m>ia<iart«i far tfea 
I«an lssa-tl.   St. Lada. IMS.   Trap. Ha. BaU. «S (SapaL): Wt-SH, ISM. 
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alence of the disease, but to increased attendant« at dispensaries, some of 
which had just been established. For the year 1040, 11,323 patients were 
treated at dispensaries and 146 were hospitalized; of these, C died. Deaths 
attributed to malaria throughout Saint Lucia numbered 101. 

Because of this background, it is rather remarkable that the Army con- 
struction camp, established in 1941, enjoyed almost complete freedom f"om 
malaria. The neighboring town of Vieux Fort had a high malarial . Ue. 
The construction camp, however, was to windward of the town; also, early 
steps Mere taken to fill Vieux Fort Swamp. This procedure tended to beuetit 
not only Yieux Fort but also the cantonment site, which lay to the northwest. 
At top development, the construction force numbered about flOO continentals 
and their dependents, and some 3,000 local laborers. During the first 6 
months of operation, there were only four cases of malaria. Saint Urbain 
Swamp and Coconut Grove continued to breed mosquitoes, but these were not 
very near tlte infected area».** It was reported" that the malaria rate at 
Vieux Fort dropped 70 percent over that of previous years as a result of tlie 
work of the construction force at Beane Field. 

A real scare was experienced in 1942 when tlte laboratory reports showed 
an incidence in military units of 700 per 1,000. This proved to be due to errors 
on the part of t lie technician who had interpreted artifacts and blood platelets 
as malaria parasites. 

The British Government is continuing malaria control work in the Castries 
District and elsewhere.** 

Gum«Talnsjpa.—The French island of Guadeloupe supports three species 
of anophelines: .1. albimanu*. A. aquata/i», and A. argyritar9ta.m Only A. 
mqmtuatU is considered an important vector. It enters houses in great numbers, 
especially in the evening. The larvae occur in grassy pools, overgrown irriga- 
tion channels, rock pools, and flood savannas, all more or less brackish. 
Anopkeha emilkmu* Komp is considered a synonym. 

Trinidad 

This most southerly island ol the West Indies lies about 10 degrees north 
of the equator. It contains over 2/MO square miles. Tlie population is close 
to iMgOOO, predominantly Negro. There are at least lfiojooo East Indians, 
and a considerable number of Chinese. The island is very fertile, and the 
natural resources are great. 

The northern fourth of Trinidad is mountainous. Many streams flow 
southward, through km, sometimes rolling country. Coastal and inland 
swamps are numerous.   Trade winds serve to mitigate the heat somewhat, 

- HMarjr af tfet CafU*caa HaaM» Senk« Im lacapttMi to 1 Apr- IMS. St. Laela. 
»Irfttor. U. OaL T. W. E. Cfctttau. MC, Meateal Hmter, TrMM DWritt to the Aaatataat 
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especially between November and May. Precipitation varies greatly, but, in 
general, the hotter and wetter season extends from May to October, the cooler 
and drier season from November through April. The annual rainfall at Port 
of Spain averages 63.66 inches. 

Malaria is the most serious health problem in Trinidad. Up to 1941,100 

there had been no complete malaria survey of the island, but it was known 
that all types of the disease were present, estivo-aiitumnal being the most 
common.   Blackwater fever also occurred in sharply defined areas. 

Because of incomplete knowledge, it was recommended that a certain 
amount of basic research be accomplished before large-scale, expensive control 
projects should be launched. Tlie Rockefeller Foundation assisted in these 
investigations. 

Togetlier with Tobago Island, Trinidad boasts IS species of Anopheles, 
of which .1. (H/uatalia is the most important vector, with A. hettator the chief 
transmitter in zones of heavy rainfall.101 As described elsewhere, .1. bellator 
breeds in wild hromeliads which grow attached to branches of the immortelle 
trees, higli off the ground. It should be pointed out that before its vectorship 
was conclusively demonstrated by Rozeboom ami Laird,'03 Dr. Eric de Ver- 
teuil "* of Trinidad, in 1934, presented convincing epidemiologies) evidence 
that A. bellator was almost certainly a transmitter of malaria. 

Anophde» aqmualiM. which favors brackish water swamps is the long- 
recognized vector along the coast. Both Anopkeh$ neomaeulipalpv» and A. 
aibitami* an suspected of being minor vectors. Surveys hare shown that A. 
mqwualit may migrate as much as 5 miles inland, over rough country. 

The main area used by U.S. Army Forces lay 20 miles east of Port of 
Spain. It included approximately 22 square miles and sloped southward from 
die foothills. The Anny also acquired rights to wharfage in Port of Spain 
harbor, a recreation area, on Saline Bay, and some 2>/j square miles of savanna 
in the west central part of the island. The Navy area was in the extreme north- 
west. The principal U.S. Army base was Fort Bead, Trinidad, B.W.I., includ- 
ing Waller Field. (At times there was autonomous control of the Waller 
Field area by the Air Corps.) The Antilles General Depot and the Trinidad 
Sabdepot were aJao located at Fort Bead. 

Broawli.td malaria still continue« to be serious in Trinidad.-* On the 
cacao plantation*, immortelle trees are planted at rather wide interval» to give 
desirable shade. In the dry season, these trees lose their leaves. The situation 
result« in more light and less humidity than prevails in the natural forest, so 

«• Saaart. U. CM. t>ga A. Pas, MC. U.S. Arm. aaajirl: BaaHarr Mmr af Trial*»«, BrHlaa 
Wax ladaaa. 1*41. 
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that A. bellator breeds at lower levels and thus has easy and frequent contact 
with plantation workers. Although Anophehs breeds in 22 species of the 
30 bromeliads found on immortelle trees, only one species, Gravisia (ujuilega 
(which is second in abundance), is of outstanding importance. Surveys 
showed that this species contained live times as many larvae per tree as any 
other of 10 species studied. Whereas this might seem to facilitate control, 
unless workmen are well skilled in discriminating among the species of brome- 
liads, much labor can be wasted on the spraying or removal of relatively harm- 
less forms. Wittmaekia lingulata and Uohenbergia »tellata are usually in- 
cluded in eradication programs because of the close resemblance of the three 
species. 

Because immortelle trees are dangerous to climb, especially after a rain, 
the use of phytotoxic sprays has become standard procedure, copper sulfate 
being the most satisfactory to date. Furthermore, hand removal is more ex- 
pensive, even with cheap labor. Also, spraying accomplishes far more rapid 
results. It does not harm the immortelle trees, or the cacaos. One thorough 
treatment of an area is believed to be sufficient for 5 years. From a long-range 
standpoint, the replacement of the immortelle trees with windbreak plantings 
of other species would be a most desirable procedure for discouraging the 
breeding of A. bellator. At present, this anopheline is scarce in all parts of 
Trinidad, which has a low rainfall. The highest spleen rates are found in 
the north-central part of the island, where the annual rainfall ia between 91 
and 110 inches, and .4. bellator the principal, if not the only vector species. 
Both A. aquatali* and A. neomamdipalpH» occur within the region and should 
be viewed with suspicion. 

South American Mainland 

The jurisdiction of the Caribbean Defense Command included Venexuela 
and the Guianas. The various bases in Brasil pertained to the Sooth Atlantic 
Command. 

Vsnsi—la. VenesneU has been thoroughly studied and reported on. 
The area of the country is 912,060 square kilometer», on which live a little less 
than 4 million people. The population is described as SO percent white, 8 
percent Negro, 7 percent Indian, and 6ft percent of mixed blood. 

The coastal plain, backed by a range of mountains, is called the Costa- 
Cordillera. Here, 77 percent of the population live on 18 percent of the total 
land area. South, from the CosU-CordilWra, extends the Llanos. This re- 
gion, bounded on the south by the Rio Orinoco, contains 86 percent of the land 
area and supports 80 percent of the population. South of the Rfo Orinoco 
lies the Guayana, with 46 percent of the land area, but with only S percent of 
the population. 

The rainfall of Venezuela ranges rather uniformly from an average of 39 
inches in the north to an average of 79 incites in the south.   The wet season 
occurs near the middle of the year. 

•Msie*—«a ia 
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The most malarious region is the Llanos, which contains many rivers sub- 
ject to flooding, ami numerous pools, ponds, and lagoons. Although the 
Guayana also has many rivers, many of them contain water of such high acidity 
(low pH) that .4. darlingi is prevented from breeding in thein. 

All three species of Platmodium occur. In persons under 5 years of age, 
/'. civax is found more often than P. fulcijmrum. Above this age group, the 
relation is reversed. Infections with P. malariae are relatively few. The an- 
nual malaria death rates exhibit a 5-year cycle. Since llhJO, these have been 
more favorable, due to the general improvement in standards of living in the 
Llanos area. Since 1045, there has been general house spraying with DDT in 
all areas accessible by car.10* 

Of the 29 species of Anopheles found in Venezuela, only .4. albimanw and 
.'1. darling! are considered important vectors, with A. pseudopunctipennis of 
secondary importance in the mountains. Anttphelc* darting! transmits malaria 
in all three rone«, but A. albimanw is a vector only in the Costa-Cordillera. 
It is less anthropophilic than .1. darling i. 

Entomologists believe that A. albimanw» was introduced by shipping, from 
Central America."* Another possible vector is A. triannulatw which has been 
found naturally infected with oocysts.1" 

Altitude strongly limits distribution.10* Thus A. aqmtaU», by its prefer- 
ence for brackish waters, is limited to coastal levels. By contrast, A. aXb'imamw 
ranges up to 1,725 feet, A. darlingi to 2,975 feet, and A. pteudopunctipeimi* 
to 3£80. There is considerable adaptability in regard to rainfall. One 
locality with an annual mean precipitation of 17 inches supports A. albimanw, 
A. pttvdoptMictipenmU, and A. punctimaemla. Yet both A. albimanw and A. 
puncthnaetUa have been found associated with A. darlingi in an area with an 
average annual rainfall of 106 inches. 

In Venezuela, the growing of rice creates a special problem in malaria coii- 
t rol. Both A. albimanw and A. pwevdopunctipennit breed freely in the flooded 
fields.'** The former is the chief and proved vector. La Veetoria suffered a 
severe outbreak in 1943, and Cagua a similar outbreak in 1944. In the first, no 
breeding of A. albimanw could be discovered outside of the ricefielda; in the 
second, only 1 percent of the collected larvae were taken from other situations. 
Shortage of better larvicides reduced control measures to sawdust and kerosene, 
which did not prove satisfactory. Legislation was eventually passed which for- 
bade cultivation of rice by artificial irrigation near towns, except under permit 
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from the Division of Malariology. Sm-li jtemiits required pro|ier leveling of 
the land and specified that each 4 «lays of flooding I* followed by 4 «lays of 
draining and that larvicides must also be used. Permits were not isssued for 
land that «x>uld not be dried out in 4 days. 

British Guiana (Dcaaerara).—This colony extends ultoiit 5«MI miles from 
north to south with an average width of perhaps 200 miles. The population is 
comparatively small and is found in the rather narrow coastal plain, which is 
very fertile. That portion which is below high title is protected by seawalls. 
Sugarcane and rice culture prevail. The intermediate zone, which extends 
southward, produces diamonils, gold, and bauxite. Great masses of highland 
lie in the western and southern parts.   There are many waterfalls. 

A very high relative humidity renders the jungle areas oppressive, IHM a 
sea breeze makes the vicinity of Georgetown more tolerable. 

Tlie coastal population is a mixture of Negroes. Chinese, Portuguese, und 
East Indians. 

Malaria in British Guiana has always been severe.110 Deaths from malaria 
iu 1046 stood at approximately '2 per 1,1100 per annum. Tlie disease ranked 
second as a reported cause of death in 1!>'M>, following pneumonia: but, if un- 
defined fevers are taken into account, it probably deserved first, place. In 1041, 
it was so reported. All forms of the Platmodium are present. Blackwater 
fever occurred more frequently than in any otlier Atlantic base used by the 
Armed Forces. 

Anopheles darlingi, A. albittmw, and A. aqutuali» are all involved, with .1. 
darlingi the leading vector. 

The control problem is complicated because there are two dry seasons and 
two wet seasons, with not much time between for a definite malaria program. 
British reports for 1941 speak of malaria being "greatly decreased*' because 
of abnormal and prolonged drought. Nevertheless, government agencies 1KM- 
pitalised 1,356 rases (77 deaths), and 4,359 outpatient cases were handled. 
In the Colony as a whole, 888 deaths were registered as due to malaria in 
1941."« 

The site selected for the U.S. military base was a sandy elevation, 22 miles 
south of the city of Georgetown on the east bank of the Demerara River be- 
tween the mouths of two tributaries, the Ifadewini River and the Haurarani 
River. It was necessary to remove a rambling, native village (Hyde Park), 
which lay on low ground along the Demerara, and resettle the inhabitants 
outside the area. It became the policy to keep native habitations away from 
the windward side of camp.111 
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The expected vector, A. darling!, was not recorded nbout the site of the 
U.S. base in 1941, but A. aquatali* was. This s|*i-ies bred in the tidal swam|w 
along the Denierara River. Such swamps were present all along the water- 
front, and breeding also took place in borrow pit», along the road. However, 
a drainage and filling program was launched to eliminate breeding places, 
and only about 20 cases of malaria occurred among construction forces during 
the first 0 months of o|temtion.   There was one death, in July 1!U1. 

At the labor camp at Hyde Park, an attempt was made to segregate 
chronic malaria carriers from nonimmunes. At first, these were housed three- 
quarters of a mile from the construction camp. Later, they were moved to 
the boundaries of the base. 

Throughout the next .1 years, malaria control work was continued, with 
emphasis on maintenance of established ditches and oiling of various swamps. 
In December 1944, at the request of the surgeon of the Caribbean Defense 
Command, the 392d Medical Composite Unit of Trinidad made mosquito 
and parasite surveys with reference to the detection of both malaria and 
filariasis. 

The incidence of malaria at Atkinson Field never reached higher than 
30 per 1,000 per annum for any month of 1944, ami during the last quarter, 
no case of primary malaria was reported. The majority of all 1944 cases were 
contracted off the base. 

Sariaaai (Date* Guiam). The low coastal belt is patterned with tor- 
tuous rivers, influenced by tides. South of this is a triangular area of savanna 
country, with the broad base lying west Still further south are highlands, 
with mountain peaks rising to above 3,000 feet. 

Four seasons are recognised: The long rainy season from April through 
July; the long dry season from August through November; the short rainy 
season covering December and January; and the short dry season during 
February and March. 

TJJS. military interest was much concerned with the production and trans- 
portation of aluminum. The mines at Moengo and Paranam, the airport at 
Zanderij, and the port city, Paramaribo, which is ah» the capital, represented 
areas in which health problem! might be important. 

Colonel Fox considered health conditions better in Surinam than m 
French or British Guiana, due, in his opinion, to more effective admini*- 
tration.1" Population pattern is scarcely an explanation, as Surinam has 
all the racial elements of the other colonies in addition to many Javanern, 
who constitute over 90 percent of the whole.  The climate is no more salutary. 

Malaria is endemic throughout Surinam, though not uniformly. In gen- 
eral, the malaria curve follows the rainfall curve. 

Morbidity charts show a decided peak after the beginning of the long 
rainy season (May 15 to August 15) and a lesser peak about the end of the 

»■«*•*, Lt CM. Lern A. Pn, MC. VS. Anqr. mkfrt: Saaitary nmrrrj af DMA 
Haul. S-l« Sap*. 1M1. 
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short wet season November 15 to February 15.   Cyclic outbreaks of epidemic 
proporl ions also occur. 

Wolff'" considers that the movements of populations seeking employ- 
ment during the yenrs of economic crisis (1032 ami 19*1) served to distribute 
malaria more widely in Surinam. 

In some areas, infection is perhaps universal, witli a partial immunity 
tolerance. Disease, under such conditions, may be thought of as n ulapse from 
immunity." General Fox, in palpating the abdomens of 47 children estimated 
to be in the age group "6 months to 3 years" found only one enlarged spleen, 
but this is certainly not typical, since Wolff re|x>rts spleen rat.* among tribal 
populations as ranging from -J» to loo percent. Tin» carrier rate among bush 
Negroes is believed to be 100 percent. 

Wolff discriminates between the coastal region, in which malaria it 
moderately endemic, and tlie interior, where the endemicity is high. In tlie 
interior, the estivo-autumnal type nredominafes. 

The anopheline fauna of Surinam is rich in species. A<-cording to van 
der Kuyp,1" collections made in 1040 included A. daHingi Root, Anophele$ 
darlingi var. yxiuiUttHsU Galvio, Lane and Correa, .1. «qmualit Curry, 
AnopAtlei oawddoi Peryassu Anopkde* Iriannulattm davtii Paterson and 
Shannon, and A. nun<*-iorari present in Surinam. (The variety A. darlmgi 
jMttfttfaMM is not considered distinct by all entomologists.) Anoplkeh» 
Mftuualit, A. btWtior, A. darlingi, and A. olbitartu are among the potential 
vectors, with A. darlingi most dangerous in the interior, and A. m*y<uaiU the 
principal offender on the coast. 

Before the war, mosquito control measures were limited, though the com- 
panies operating the bauxite mines made serious effort in the immediate 
vicinity of their activities."* 

Frith STetMaV A» in Surinam, malaria is widespread.1" It is espe- 
cially common in the penal colonies and mining camps. East Indians are 
fnouent eafferers, bat the bush Negroes enjoy relative immunity and are 
rather refractory to clinical attacks. In IMS, Mood smears examined at the 
Institute of Public Health in Cayenne showed TS percent P. fmUdpmrmm, 90 
Bswewt P. eis—, • percent P. mmlmrime, and 8 percent mixed infection*. 

According to Flach,*** P. fmteipwnmn malaria is now everywhere mare 
prevalent than P. **Wa>.  Thia k in marked contrast to the findings of Marcel 

A.B.: Valuta la Banna«,  art. oat. u. mu. H : aat-asa. **rt w*± 
«Tea aw Bare. a. i fnawiiny anirt m U» satetaa* inm »n iimim. CcUcMw) rf 

amn in»»»**).  BwivHlaiian.*» —■**■ w«e.l: 1-ea,tue, 
—M m ii —4 ma»> n»u — asm»».  hemi »r u» istawi lanmeian ■—>, riw 

Or*Mt«t««i Wrtili«, OB»iUhhim ftnaU O.a. Ana». *T Mmj IM«. 

>«ilili«.OSto»«f TWSit»M«Owt«l.P.».Ai»T. a»M«y ma. 
■»Weft, n.: L'mllMi ijliiMli sahntic ta Oaraa* riuokt.   laattut rwmr *, la Oaraat 
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I*gern* in 1917, when 08 percent of all infections were reiM>rted to be due to 
P. vivam and only 28 percent to /'. falciparum. Present figures, representing 
blood examinations over an 8-year period, give P. falri/tarum Kl |iercent, P. 
vivas» 17 percent, and P. malaria* 1.5 percent. Either Ixrger s data were not 
representative or the various population movements of subsequent years have 
substantially altered the endemic reservoir. Epidemic manifestations, it 
should be pointed out, occur in the dry season. 

Of the principal vectors, according to Floch, A. darlingi constitutes 91 
percent of the mosquitoes taken in houses, while .1. aquaaalie makes up 46 
percent of those captured outside. Anophele* darlingi is a fresh water breeder, 
while A. aqwuali» is found in brackish situations. 

In 1943, the city of Cayenne was reported to I« fairly free of anopheliues, 
partly because of drainage projects but also because of favorable winds. 

Development of Control in the Antilles Department 

General information 
For the Antilles Department as a wltole, malaria was at first one of the 

greatest causes of nonenectiveness. By 1945, it ranked among less important 
categories.0* This was due, of course, to continuous and close attention to 
all aspects of the control program. At any time, all gains could easily have 
been erased if preventive measures had been relaxed. Throughout the war, in 
the same overall area, morbidity and mortality rates in civilian populations 
continued high. 

Civilian report« for the year 1941 show that malaria was a problem in 
various Caribbean locations. In Dominica, 4,57» cases were reported, with 
58 deaths.**1 In Saint Vincent, malaria accounted for 550 case«, with 9 
deaths.1*1 In Turin and Caieoa Islands, there was an epidemic."1 In Mont- 
st/rrat, malaria waa on the increase, and a serious outbreak occurred in the 
windward ana near the Farm Biter. Thirty deaths from malaria occurred 
in the Island that year.»« Malaria was mild in the Virgin Islands (Great 
Britain) with only 9 »patients and 4ia oat patients reported.'** The previous 
year Granada had Buffered sa epidemic, with 10^83 cases and »7 deaths, m 
sight deatricts.*** 
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In Trinidad and Tobago, malaria continued to occupy first place among 
diseases responsible for civilian ill health and disability.1" The number of 
cases actually reported in 1941 was 15,385, but as the disease was not notifiable, 
this was only an indication of the much greater number of people who pre- 
sumably were ill. Deaths for that year numbered 484 as compared with 431 
in the previous year. 

Reports for 1942 were encouraging or ominous, according to locality. 
For the Puerto Rican Sector, general health was considered good except for 
high venereal and malarial rates. The latter incided at the rate of 73 per 
1,000 Army personnel per annum in April 1942. This represented a marked 
increase over that of the same month of the previous year. This was believed 
due to unseasonal rains, to increase in the number of native troops, many of 
whom were already infected, and to increased dispersion of troops. Although 
mosquito netting was available in satisfactory amounts, wire screening was 
scarce. Troops not on posts were given quinine as a prophylactic measure. 
This is of interest, since quinine soon became too scarce for even therapeutic 
use, except in special cases. 

Only two military cases of malaria were reported in May 1942 from An- 
tigua, though civilian malarial rates were high. Xo drug prophylaxis was 
used there. 

Malaria was reported as unknown in Aruba with but few cases in Curacao, 
all contracted before arrival. 

High malarial rates, a* expected, wen reported from Trinidad, where 
sleeping under nets was made mandatory. Troops on jungle doty, away from 
posts, wer« given malaria prophylaxis. Antimalaria sanitation in Trinidad 
waa the responsibility of the district engineer. 

Before September 194» and to tome extent thereafter, mosquito control 
was handicapped by lack of a regular supply of insect sprays and larvicidal 
oiL All installations were screened, and the screening inspected and repaired 
weakly. Temporary repairs with netting, doth, rags, or lumber were fre- 
sutntly necessary until replaeexsent screening became available. Bed nets 
were kerned, and periodic inspection employed to insure proper nee and repair. 
Most of the easts of malaria occurred among personnel aetring as night guards. 
Ahhongb head nets and gloves were issued, enforcement of their use proved 
dhneutt or isnputseVk.  At this time, repellents were net available. 

Up to the your IMS, conditions in Puerto Rico gave the Antilles Depart- 
■■ant oonatQereble concern. Tee background wee not encouraging. Uta 

i was known to kill approximately 8/100 inhabitants on the average per 
■s Insular Health Department records for 1840 showed 28,758 cents 

in 1940 with 1,817 deaths. For 1941, the figures were 83,484 cases and 2£» 
deaths. This represented ratet of 1,288.7 and 194.6 per lOO^UO. For 1942, the 
rates were 1,099.8 and 99.4, respectively. 

THiini —tTllWJI, IStL  TNp. 
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Malaria ranked as one of the chief causes of disability among Armed 
Forces in the island in 1942, but as a minor cause in 1943, a tribute to the fidelity 
with which the military authorities had applied whatever control measures 
were available. 

The Insular Health Department, of course, did its share, but with limited 
funds. In their program, emphasis was placed largely on treatment of patients 
to reduce mortality and to eliminate foci of infection. 

An important phase of the Army's control program was the continual 
survey of anopheliue densities. Gratifying reductions were noted as a result 
of both temporary and permanent control measures at (and near) Camp 
O'Reilly, Fort Buchanan, P.R., Camp Tortuguero, and Losey Field. Studies 
of anopheline breeding areas and field surveys to obtain epideiuiological data 
were carried out during 1943 at three otlier installations on Puerto Rico, also 
at Benedict Field, Saint Croix, and Fort Simonds. 

A new type of malaria report card was introduced in Januar}- 194a, 
greatly facilitating tlie assembling and analysis of data. Classification of 
primary and recurrent cases was made relatively easy, in accordance with the 
following pattern: 

1. Camp. Individuals who did not leave tlieir home station during the 30 
days before illness. 

2. Camp and pa»». Individuals who were out of camp on overnight pass 
from 8 to 30 days before illness. 

3. Camp and different night »tation. Individuals who left camp to as- 
sume duty at a different station during night hours. 

4. Maneuver». Individuals who participated in field maneuvers from 8 
to 30 days before illness. 

5. Civilimn life. Individuals who entered the Army 8 to 30 days before 
illness. 

Cases of viwue malaria wen considered relapses if there was a history of 
previous malaria within 12 months. With falcipanm malaria, 6 months was 
the limit used. 

If a change of station occurred within 7 days before the onset of illness, 
the case was considered as of the old station. When changes occurred from 8 
to SO days before onset, the case was attributed to the station where the greater 
portion of the t im had been spent. 

Sach a carefa] analysis made it possible to be much fairer in evaluating 
the effectiveness of antimalaria programs at various posts. For example, in 
earlier reports, many cases were attributed to Henry Barracks, simply because 
they wen diagnosed there. Of the 34 eases hospitalised at Henry Barracks 
daring the first 6 months of IMS, 32 proved to have been contracted off the post. 
This was in harmony with anopheline catches, which had been low for some 
time 

Sanitary Corps omcers wen generally assigned as post malaria control 
omcers.   When extensin control projects wen undertaken, two Medical 
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Department enlisted men with special qualifications were assigned to each 
station hospital for malaria control duty. Antimalaria housekeeping measures 
were their chief responsibility. 

During November and December IMS, data on mosquito densities and 
mosquitoproofing standnrds were systematically collected at many posts. To 
determine the "intra-cantonment adult mosquito index," mosquitoes were 
collected each week from a representative number of occupied buildings and 
classified as to anopheline and nonanopheline. To determine the "mosquito- 
prooting index,*' a representative number of buildings were visited, and defects 
were recorded. This stimulated both interest and action. In many cases, a 
reduction of the mosquito index to zero was attained. 

The year 1944 was fortunate from the malaria standpoint."" The inci- 
dence of the disease was low, not only among Army personnel, but also among 
natives in unsanitated areas. The dry season, combined with a natural, cyclical 
low point for the region, supplemented the effects of a well-developed anti- 
malaria program. 

In the Puerto Rican Sector, the attack rate for January 1044 was 13 as 
compared with 63 for January 1043 and 142 for January 1942. For February 
1044, the ratio was 6:48:104; for March 6:25:99; and for April 4:7:73. 

Improvement in the Trinidad Sector was less striking, but in general 
parallel; the attack rate for January 1944 was 53.6 as compared with 51 for 
January 1043 and 60 for January 1942. For February 1944, the ratio was 
22:53.1:57; for March 27:66:74; for April 20:35:49. It should be pointed 
out, of course, that in Trinidad the peak of the malaria season occurs in late 
summer. Thus, the attack rate in August for 1942 was roughly 105 per 1,000 
per annum. In August 1043, this had been reduced to approximately 66. In 
the Panama Cannl Department, the attack rate for January 1944 was 22.6; for 
February, 19.4; .or March, 8.8; for April, 6£. These figures include both 
primary and recurrent malaria (table 24). 

By 1945, the problem became one of maintaining the preventive measures 
which had brought about the gratifyingly low rate then prevailing among 
military personnel. High morbidity and mortality rates were still character- 
istic of civilian population« in the Antilles Department. 

Costs were decreasing, as emphasis was then on maintenance of drainage 
ditches rather than on their construction. 

The larricidB principally used was an emulsion composed of 3 parts water 
to 1 part diesel or fuel oil, with DDT added to the oil ingredient. 

Both larvkiding and spray killing of adults were then being handled by 
plane, the large capacity C-47 being found most practical. Much hand hwvi- 
riding could thus be eliminated, and hitherto impenetrable areas covered. 
Residual effects lasted up to 6 weeks. 

Spraying of barracks and civilian homes with DDT at bimonthly intervals 
had become established practice. 

Mta. CMMMI MM OwMii i*A IMi 
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Individual control measures us»uim>d renewed importtince on posts where 
strengths were beiiij; cut, and environmental «nitrol measures were becoming 
no longer feasible from an economic standpoint. A continuing educational 
program was therefore necessary. 

Administration 

On 4 December 1942, n De|Mirtment malaria control officer was appointed 
by the commanding general to function under the Department surgeon. His 
duties were to coordinate all malaria control activities at Army posts and to 
collaborate with agencies in charge of extrai-antomnent malaria control pro- 
grams. This officer traveled extensively, inspecting projects and advising post 
engineers, post surgeons, and commanding officers. 

The advisory function was broadened before the end of tlie year by tlie 
establishment of a Department malaria control hoard, consisting of the Depart - 
ment malaria control officer, a representative <.' the U.S. Public Health Service, 
and a representative of the District Engineer's Office, Post commanders made 
full use of the services of this board and thu' insured that their plans and 
projects were in accord with the liest malaria control principles. 

The U.S. Public Health Service, of course, did not operate extracanton- 
ment projects in connection with every post. For other posts, it was arranged 
that the District engineer should be responsible in carrying out extracanton- 
nent projects formulated by the respective poet commanders. The advice and 
assistance of the Department malaria control board was available at all times. 
Thus, each post was assured the proper combination of int recantonment and 
extracantonment control work to meet its particular needs. 

Medical Department officers who held the title of "Malaria Control Officer" 
in the Office of the Surgeon, Antilles Department, included: 

Maj. Look Gonsalea, MC, 16 December IMS to 86 May 1M4. 
Capt Rafael Rodrigaes-Molina, MC, 88 May 1M4 to 83 June 1M4. 
Maj. Leonard B. Dwonky, SnC, 23 June 1044 to 1 November 1944. 
Capt. Francis B. Frost, SnC, 1 November 1944 to 18 January IMS. 

Puerto Mem Seder 

Although the division of the Antilles Department into two Sectors was not 
" to the end of the war, it will be convenient to present the essential 

i this meaner. 
In 1941, the Puerto Riean Sector included 18 stations.   The eight Ground 

F« 
Post of San Juan, including station hospital, PJL 
Camp O'Reilly, P.R. 
Fort Buchanan, P.R 
Henry Barracks, PJL 
Camp Tortugaero, PJL 
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Saint Thomas, V.l. 
Antigua, H.W.I. 
Jamaica, lt. W.I. 

The Air Force stations were four: 
liohitqwii Fielt], V.U. 
Losey Field, P.R. 
Benedict Field, St. Croix, V.l. 
San Julian, Cul». 
The Air Force »station at San Julian, Culm, was added after the 1942 

report, representing an increase of live stations over 1041. 

MALARIA PROBLEMS, 1941-43 

The malaria situation in the Puerto Iticnn Department, at the beginning of 
the war, is summarised in table 28. 

TABUC 28.—Mmlmrim aWia far U.S. Army entitled pertemnel in Puerto Rico, tentimnlel trmope, 
und tMalar Irmept, 1941 

I Rata «prtMad a« auafacr «I «am par anaua par MM im« fUcatta) 

r»*ja«ry 

Strength.- 
Day» )o«t 

Naaibrr 
Sate... 

18,35» 
18,877 

1.M8 
n 

«.»76 
ft* 8tW 

4M 
77 

11. MB) 
11,008 

1,1»! 

During the first 3D week« of 1042, the malaria attack rate of troops in 
Puerto Rico had reached 114 per 1,000 strength. For the Ant 21 weeks of the 
MM» year, the figure stood at 74 J per 1,000 strength in Panama. The rate of 

talari* in the PCD for the 4 weeks ending 26 Jane IMS was Stt.1 
• 1,000,- ia spite of the fact that the Caribbean Defense Cwtunand had been 

utilising all the änderte eontrol uisssaras the» far dereioped for aae by troop«. 
Tl IISIISBJII isiisliil thai Tim "tngi mi TTrn wal s» aalJ T" — fci" - * iafons iti i 
regarding saalaria prehlesas and eoatrol saethods ia these anas. 

It was therefore arranged that Lt. COL (later COL) Paal F. Rua-eO, 1IC, 
ia company with Dr. Mark F. Boyd, of the Rockefeller Foundation, both ex- 
perienced nmlarioiogists, should proceed to San Jean, daring September 1042, 
and make a similar journey to the PCD, in October 1042, for the purpose of 
obtaining the desired information. 
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The Puerto Rican survey disclosed that some euntoninonts hud achieved 
rates of 250 per 1,000 strength during 1941 and ÜH2.'3" Good cnoperat ive rela- 
tions existed between the Army, the IMS. Public Health Service, the Insular 
Health Department, and the Work Projects Administration, but specilic plans 
for intracantonment and extrnraiitonmeiit control for each ilistuHat ion were 
yet to be developed. The Insular Health Department hud made no sustained 
effort to deal with the menace of the civilian reservoir living outside canton- 
ments, and the Army had been slow in assuming its full responsibility for 
intracantonment control. Some of this had been compensated for by the 
activity of lite U.S. Public Health Service, which lent considerable aid of an 
emergency nature, but it had been understood from the beginning that the 
prime responsibility of the U.S. Public Health Service was extracantonment 
control and that the Army was expected to look after intrncnntoitment control 
in all its phases. 

The Russell-Boyd report resulted in specific recommendations to the effect 
that the Army assume full responsibility for intracantonment control, including 
larviciding and drainage. The antimalaria program of the Anny in Puerto 
Rico had up to this time been limited to screening, minor ditching and oiling, 
pit-filling projects, and the use of bed nets, protective clothing, and suppressive 
drugs. Some survey work had been in operation since 1 June 1A42. The 
recommendations advocated greater use of pyrethrum sprays to kill adult 
mosquitoes, also that bed nets be included in the screening inspection. 

Most significant was the suggestion that a full-time malaria control officer, 
with suitable assistants, be appointed for the Puerto Rican Department and that 
he be placed on the staff of the Department surgeon. Considerable time was 
to elapse before this was achieved. 

The sanitation of the entire Puerto Rican Sector in 1042 was reported 
good, "except for the presence of malaria vectors throughout the year, especially 
at Fort Buchanan, Loeey Field, and Camp Tortuguero." The same memoran- 
dum states that the development of auxiliary airdromes along the coastal plain 
of the island of Puerto Rico had appreciably increased the seriousness of the 
malaria problem 

Most of the UÄ military posts in Puerto Rico were located on the coastal 
plain, when malaria is endemic. Fort Buchanan, Losey Field, and Camp 
Tortagnern presented the greatest problems. In hyperendemic areas nearby, 
the spleen rate in children between 2 and 10 years was permanently over 
fiO percent. 

In the Salinas area, which was used for military maneuvers, the annual 
attack rate among some 10,500 men was between 200 and 800 per 1,000 in 1941. 

The temperature in Puerto Rico varies from 72° to 86° F., so that mosquito 
production never cesses because of cold.   Seasonal temperatures do affect 

•» L«Orr. CM. Mm A. hm, MC, BxaratlT* OStacf, |OaV» ml ike Saram Oaawtal, V.S. Am/], 
to Tte Aajatoat Omrral,  |W*r DaaailaHatl. fa Oct. IM*, naja«*: TW CMiral at  Malaria la 
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mosquito production, nevertheless, as shown by the fact that adult emergence 
usually drops sharply in mid-December and continues relatively low for - or 
8 months, the rate of larval development being reduced about r>0 percent. 
Malarial infections tend to fall off 4 to 6 weeks after adult emergence is checked. 

More important than temperature, of course, are the seasonal variations 
in rainfall. Increase in precipitation is reflected in higher mosquito counts and 
more malaria. A third factor in A. albimanu» production is shade. When 
the sugarcane becomes sufficiently tall, .1. albimanm tends to lie replaced by 
A. grdbhami. 

Surveys carried out among civilian populations revealed a parasite rate 
between 20 and 40 percent, especially along the southern coast. Some 2,000 
deaths due to malaria were reported annually. With limited funds, the Insular 
Health Department's program consisted of (1) treating patients to reduce 
mortality and eliminate foci of infection, (2) antilarval work in a number of 
hyperendemic districts, and (3) permanent engineering projects in selected 
districts where the problem was most severe. 

Military reports for 1941 and 1942 in Puerto Rico show annual incidence 
rates among enlisted personnel of 84 and 86 per 1,000, respectively. The latter 
portion of 1942 showed marked improvement, however, particularly at Fort 
Buchanan, where a rate of 4S per 1,000 prevailed in October, November, and 
December as compared with 213,137, and 273 for the corresponding 3 months 
of 1941,1940, and 1039. 

This degree of success in controlling malaria at Fort Buchanan was at- 
tributed chiefly to screening, inaecticiding, and malaria discipline since the 
anophelhw density had been reduced appreciably only in central areas of the 
somewhat sprawling post. Viewed in retrospect, it seems probable that larvi- 
ciding and drainage also helped, but each opinion was not held at the time by 
those responsible for current report«. 

Even after the numbers taken in bait traps had become considerably 
lower, the malaria hazard remained great; however, a reduction in the number 
of malaria camera waa effected by the evacuation of the small Tillage of 
Ooknia Santa Ana. At the anaae time, many old troops were transferred, the« 
eliminating a goodly portion of the human reservoir. Increased efforts were 
also pot forward to detect the carriers among new inductee« and to prevent 
then» eases from becoming centers of infection among the troops. 

At Lossy Field, Fort Buchanan, and Camp Tortuguero, wastelands and 
pastuwlaada contributed extensively to sanphetine breeding, and wet fields 
of sugarcane were ah» important in certain instances. Irrigation Channels 
and reservoirs, streams and cutover mangrove swamps characterised the vicin- 
ity of Lossy Field. At Fort Buchanan, the worst breeding areas were man- 
made, in that hydraulic fill had blocked certain natural drainage outlets, 
creating scattered bodies of shallow, impounded water. At Camp Tortuguero, 
large areas of waste marshland, formerly in cane, produced many anophelines. 
The marshy fringes of Laguna Tortuguero were next in importance.   At 
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Camp O'Reilly, old sugarcane ditches, in addition to at least four siiuill 
streams, -were sources of breeding. 

PROBLEMS AT SELECTED POSTS 

Cam» Tortuguero.—As stated previously, this |>ost was surrounded l»y 
extensive sugarcane Hehls and large Itodies of standing water. Witliin tlie 
camp lioumlaries were f^igmia Rica, Lagunn Tortuguero. and a seepage area 
at the base of a hill. Five hundred acres or more of marshland lay to the 
east of the camp, and there were several nearby "barrios," practically sur- 
rounded by canefields. The nearby towns of Yegn Hnja, IMt., and Munatf, 
also malarious, were f requent ly visited by I roo|>s. 

Within the camp, malaria control was an-omplislied by oiling all breeding 
places or dusting with paris green. Ditching, drainage, and Wiling were also 
employed. All buildings used at night were screened. The use of mosquito 
bar and of Freon Aerosol was made compulsory. Routine inspections, also 
group instruction and demonstrations were employed. Informative |>osters 
concerning individual precautions were placed in hutments. Weekly catelies 
of mosquitoes were made in occupied hutments to test the efficiency of the 
program. 

Can» O'Reilly.—War Department Training Circular No. 108, dated 21 
September 1043, had its influence in the C'arihliean as elsewhere. A report 
from Camp O'Reilly mentions the appointment of antimalaria details by all 
organisations and their training by the post malaria control officer. Barracks 
were regularly inspected and scored as to the defects found. These reports 
were sent to post headquarters, and each organization was notified by the post 
commander as to the defects recorded. 

The prevalence of mosquitoes at Camp O'Reilly was likewise reduced by 
both intmeantonment and extracantoninent drainage and by extensive lar- 
viciding. The malaria rate for 1M2 was only 113 per 1,000 average strength 
per year, and for 60 percent of the months of IMS, less than 20 per 1,000 
strength. The construction of permanent linings in ditches and watercourses 
upon the post was a feature of the control activities. 

An important step in the sanitation of Camp O'Reilly was the relieving 
of one Sanitary Corps offfeer, in IMS, of the duty of mess inspection and the 
utilisation of this offfcer, as post malaria control offfcer, to work in cooperation 
with the post engineer. 

The 1M4 Annual Report, Department Surgeon, Antilles Department, com- 
pares the malaria rate for 1942, which was 113 per 1,000 per annum, with 310 
per 1,000 per annum for 1943 and 0 per 1/100 per annum for 1944. 

This was accomplished entirely before the availability of DDT and re- 
sulted from conscientious attention to many things. Particularly influential 
was an exhibit, opened in April 1944, at the 326th Station Hospital, which 
all enlisted men of the command were required to visit in groups of ten. 
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Explained and demonstrated were the use of the mosquito bur, how to tuck it 
well under the mattress, how to repair hole» by mending or patching; likewise 
the use of head nets, gloves, leggings, and repellent. The use of Panama 
inverts, and side slabs, and the sodding of bunks with Itermuda grass were 
pictured, also dusting, oiling, and cleaning of ditches. The work of both 
military and U.S. Public Health personnel, within and without the canton- 
ment, was likewise shown. 

Losey Field.—The largest and most uncontrollable breeding area« at 
Looey Field and Camp Tortuguero were eventually reduced or eliminated by 
drainage construction, carried out by the U.S. Public Health Service and the 
Work Projects Administration,"» chiefly in 1943. Previous to this, Losey Field 
had posed a difficult problem. The area, covering almut 240 acres, was pur- 
chased by local donations and given to the government. Useless for agricul- 
ture, because of its swampy nature, the land is only 20 feet above sea level. 
The distance to the sea is about 1% miles. Cost of drainage could not lie other 
than excessive. The Insular Health Department spent approximately $7<U)00 
in malaria control in the Losey Field area in 1941, which included 92,707 lineal 
feet of pipe in subtile drainage, and $800 per mouth for oiling and spraying. 

Bariaaata FitM, PJL—At this base, malaria control was at first confined 
largely to the use of screens and mosquito bars. The malaria rate rose, until, 
in July 1942, it had reached 100 per 1,000 per annum (as compared with 82 
for July 1941). 

Vigorous measures were instituted, including a program of filling, drain- 
ing, and oiling. Bajura Pond, a sea-level swamp at the northeast corner of 
the base, very difficult to drain, was eventually taken care of by dusting once 
a week from the air with a mixture of alum (or lime) and paris green. 

The malaria rate for July 1943 was only 6 per 1,000 per annum. For the 
balance of the year, only 9 cases were reported, and most of these were among 

i quartered off the post or in soldiers who had been on pass in 
; territory. 

MISCELLANEOUS REPOITS FOR 1944 

Reports for 1944 (in some cases referring to work accomplished in 194S) 
showed that the situation was well in band. 

At Fort Bandy, where DDT began to be used in October 1944, the number 
of BBnkria^trsnsmitting mosquitoes taken in surveys ranged from one-fourth 
to one-tenth the number found in previous months, sa, for example, 739 col- 
lected in November 1944 versus «£86 collected in September 1944. 

At Losey Field, 15 cases of malaria were contracted among troops under- 
going training in the Salinas Training Area; but these were proved to be the 
result of relaxed malaria discipline, and corrective measures were immediately 

* Uttar. MM M. DIIIIIIH, Saaltaiy B—fc—r. <K), Mnl Smrlty A—qr. U.a. PakUf 
Baia Sank», tu Jaaa. FJL. «• U. Cat. Paal T. a—a. MC. OShw «T TV Saisaaa Oraaral. 1» Jaij 
ISS», aaajaat; O—aas «M Any MMajfc MaaaaaH» »7 M—«Sa ■» Faarta Mr». 
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instituted.   Suppress!ve Atabrine therapy was also authorized for troops in 
the Salinas Training Area. 

At Fort Buchanan, the malaria problem was practically eliminated by a 
combination of all available procedures and by cooperation between U.S. Engi- 
neer Department, post engineer, U.S. Public Health Service, Work Projects 
Administration, and other agencies. Drainage, larviciding, attention to bar- 
racks, and malaria discipline, all had a part. Post malaria control officers 
(Sanitary Corp.-,) discharged the following duties: 

1. .Supervision of post engineer larviciding and minor ditching crew. 
(This function was somewhat nominal. On most posts, including Fort 
Buchanan, such crews worked directly under the authority of the post 
engineer.) 

2. Supervision of four malaria control technicians who were concerned 
both with the control programs of the post and of the Antilles General Depot 
areas. 

3. The collection, tabulation, and review of data relating to mosquito 
control. 

4. The review of data secured from malaria patients. 
5. Supervision of and participation in the malaria control education pro- 

grain for troops. 
A. Regular inspection of all intracantonment breeding areas and the rec- 

ommendation of corrective measures. 
7. The inspection of sleeping quarters of troops. 
8. The preparation of all required reports on malaria control. 
At Camp Tortuguero, conscientious attention to all aspects of the problem 

continued to create a better record. Chief difficulty at this post was the condi- 
tion of quarters for troops, where separation of boards due to excessive rainfall 
and changeable weather caused many cracks capable of admitting mosquitoes. 
The post engineer kept a permanent repair crew employed at moaqnitoproofing 
work. 

Results of the use of DDT larvicidal dust, also of & percent DDT in No. 8 
diesel oil, were beginning to be observed. 

At Henry Barracks, the malaria problem was reported as "minimal" in 
1M4. About three-fourths of the area of the post had been improved that 
year with 1,600 linear feet of half round acres (estimate) drained, bat this 
is not considered to have had a real bearing on malaria, as Henry Barracks 
enjoyed a very good record from 1941 on. 

CONCLUDING STATEMENT 

The decrease of malaria in the Puerto Rican area during the course of the 
war may be illustrated by the statistics in table SO, from the 161st General 
Hospital, Fort Brooke.***   No cerebral malaria was recorded at this hospital 

— FTihrtml HMM7 * IMtraal IMMM la WwM War II. the AatitlM Dtfrt—t   [ OaVtal 
I 
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The prompt establishment of adequate antimalaria control measures, including 
the institution of malaria discipline, was believed to be the factor influencing 
the rapid decrease in the incidence of malaria among Army personnel. 

Adequate malaria control was not accomplished until sometime in 1943, 
after which a rapid decrease in mulnria incidence took place. Through most 
of 1942, malaria rates in Puerto Kin» remained undesirably high. Colonel 
Russell, who visited the island during 1942, recorded conditions as "distress- 
ingly bad." Even minor repairs of barracks, necessary for mosquitoprooKng 
were not given proper attention on many |»osts until the last 0 months of VM'-\. 

TABLB SO.—Aimit$Umt  for ma Im rim.  161*1 General   llotmilml,   San Juan,  P.K.,  1W2-V» 

IHMIK10I3 

P. ri'eovr  .. 
P. faltiparum  
P. malaria*, mixed, and unclassified.... 

Tula!      

I   IV«! IMI 1VM   IMS! 

I 
1   871 18» 101 23 

117 46 24 7 
4 1 1 0 

!   »92 227 126 '30 

Total 

1, 175 
104 

6 

1,375 

1 IndadM Ant • nuntha only «tlMS. 
> Data are Mtevtd to Inriud* both primary and mumat cam. 

The role played by the Malaria Control in War Areas, U.S. Public Health 
Sen ice, in Puerto Rico, especially during the critical 1942-43 period, was very 
great. For a number of reason»., tlw Army did not achieve proper organization 
for adequate malaria control until sometime in 1043, and preventive medicine 
units did not actually take the field to any extent until 1944. Tardy recogni- 
tion of these organisational needs not infrequently resulted in the assignment 
of unsuitable personnel for control work, and lack of proper planning in the 
»lection of campsites can probably be traced to the same source. Meantime, 
MCWA, with its aslf-eontained units or "teams" was chiefly responsible for 
the functioning of the joint Army malaria control program as it was then 
constituted. 

Trimidmi Sector 
CONSTRUCTION PEAK» 

The first and foremost problem confronting the VH. military authorities 
in the Caribbean was the construction of bases to receive large numbers of UÄ. 
troops. This task fell to the Corps of Engineers and was administered by 
Districts. 

Of these, the Trinidad District was perhaps the most important from the 
malaria hasard standpoint.   Toward the end of December 1940, Lt. Col. (fatter 

•Data aa ehrWaa awJarta ajal It» Teeta« have Ina latlaaa« la the »mrlaaa aacBaa M caaalrtM 
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Lt. (ien.) David A. I). Ogden arrived in I'ort of SiMiin as district engineer, 
accompanied by 2 officers of the L'or|*s of Kngineers ami:)«civilian employees. 
This group supervised the construction of the various Imses involved. Much 
native labor was employed. Port of Spain served as headquarters for nil work 
in the Trinidad District. 

Three areas were recognized, the British (iniaiia Area, which contained 
Atkinson Field, tlie Saint I^ticia Area, whicli contained Henne Field, and the 
central or Trinidad Area, administered from Fort Read. Included under the 
Trinidad Area were Fort Head, Waller Field, a numlier of auxiliary airfields, 
certain fixed defense units of the Cnribhenn Defense Command, and the perma- 
nent dorks. 

The Trinidad Area gave greatest concern, as two endemic centers were in- 
volveil. < hie of tltese centers consisted of lite coastal swamim, whicli were breed- 
ing places for .1. lu/mnudii. The other endemic center was in the highlands, 
where there is plenty of rainfall, and proved to lie due to t lie abundance of .4. 
bellator, a hitherto suspected but not proved vector. As mentioned previously, 
these mosquitoes are treetop breeders. Proof of tlie natural infection of .1. 
bellator was brought forward by Dr. Lloyd E. Rozeboom,M and Mr. Raymound 
Laird of The Johns Hopkins University wlto arrive«! in Trinidad in May IMI 
and found the first naturally infected bellator in July 1941.1 ° Their findings 
were later confirmed by Downs and Shannon ,M of tlie Rockefeller Foundation, 
while engaged in making a malaria survey of the Island. 

During tbe first 9 months of operations, there were 48 cases of malaria in 
Trinidad among construction forces, with 1 death."7 

Draining, filling, and »nti-bettotor measures were conspicuously effective 
in reducing anophelines as compared with culicines. In June 1941, the ratio 
between anophelines and culicines was 1:1, in December 1:9. This is probably 
not too significant, however, as A. owtxüdoi, a nonvector, appears to have con» 
tributed substantially to the former count. 

MALARIA IN MILITARY PERSONNEL, 1941-45 

At the 859th Station Hospital, Fort Read, previously 
41st General Hospital, a total of 1,142 primary and recurrent ravs were ad- 
mitted.1"   These were classified as follows: 

         1 
Nisei lanwttaM        r» 

        M 

■"Dr. SIIIIII» rrahH M» Baiter K- AaMara Mtaal af Uw Aawrfcaa BariHr af Trapfral Mrat- 
daa la unaaltl— af M> «ark aa Aaaaaafca WtoHr. 

»Smtaataatc IM. a. MS. 
"• Dn», W. O, OOMta. H. P. S.. «aa Skaiaaa. B. C.: A Malarial Barm af Trlaalaa «aa Taaaaa, 

BrMlafc W«at ladtaa.   J. Sat. Malaria Baa. Saaat. S: t-i*. ISM. 
- Be» Iaataata »a. a. MS. 
"• Br» faataata M, a. m. 
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Four case» of cerebral malaria were recorded, all due to /'. falcijturum. 
One failed to recover, the only death from malaria in the Antilles lte]mrtment. 

During 1042, there were approximately 1,150 cases of malaria in U.S. 
Army force» in the Trinidad Sector, but by 104.'!, mosquito control programs 
had liegun to yield generally satisfactory results. However, in many locutions, 
detailed information as to tlte s|*»c,ies concerned, their habit*, and ecological 
requirements was incomplete or lacking. In such cases, the attack on the prob- 
lem had to be general, which usually meant, some waste of (und*, materials, 
and manpower."* 

The Trinidad Sector and Base Command had tlie benefit of a malaria 
control laboratory located not far from the sector surgeon's oflice.1M Built 
in IMS, this laboratory served, directly or indirectly, the entire sector, which 
was over 1,000 miles long. Besides the Dutch Islands of Aruba and Curacao, 
this included Las Piedras and Puerto La Cruz on the mainland of Venezuela, 
the Venezuelan Island of Patos, British Guiana, the British Islands of Trini- 
dad and Saint Lucia, also Surinam (Dutch Guiana), and Kochambeau Field 
in French Guiana. 

Throughout its history, the laboratory was directed by a commanding 
officer who, with one exception, was a medical officer malariologist (In 
early lWfi, this post was held by an engineer.) The parasitologist and the 
entomologist originally assigned to the laboratory remained with the orga- 
nisation until its deactivatkm. Until near the end of 1M4, an engineer ahm 
served in close cooperation with the central staff. 

The functions of the laboratory were defined as follows: 
1. To identify specimens of larvae and adult mosquitoes from the various 

bases and submit report«. 
2. To examine blood smears of all malaria eases. 
3. To make field investigations of control procedures, 
4. To collect, sssunhb, and interpret date submitted by hospitals and 

field personnel. 
ft. To disseminate newer technical information regarding control methods 

and procedures. 
«. To provide other technical assistant n. 
A mow complete account of the laboratory will he given in a hier section 

entitled "Special Unite, Organisations, and Projects." 
A rather complete study of the Trinidad Sector * a« carried out by Central 

Stayer. The program which he outlined was put into effect and operated as 
follows: 

Local surgeons were made nspunaibie for malaria control as well an sani- 
tation 'or their own posts and camps.   Each local surgeon outlined the projects 

~U**r, CM. B. K. Shaa. A.D.D.. AtUataat Onwnl. THUM Sector aai Vnt C I. «a 
OwMwMhw OBww, AM *MU. Can**. Stattraa, aaa Bam {UravM mm* Air IWn), TrlarfcS 
Sum mm* ha Cwmmmmt, KMrtaa: Sfr—■ M n—t —»Hull.. M Jaa. IftM, Mh)*r< : 

1 
A—aal   ■» fit. ■■!>■»■ Vital «a* *rr««r aad ^W» ftaaui IMS. 



22ft n>M.\ir.\ir.wu.K MHKAHKH 

KMII B>: 27.—iin"T BHIIB Mfmyrr in nm> again*! brmartlaik. 

be l>elicv*d newwary for the control of malaria in Ilia area and wilmiitted 
plans to the engineers for estimate**. Funds were provided by the district 
engineer, with the local post engineer completing the project under the tech- 
nical Miprrvlaton of the local surgeon. 

As indicated previously, the malaria control laboratory undertook to 
identify mosquitoes sent in by fieldmen and to give advice on species control. 
Thifl service was somewhat hampered by the frequent removal of experienced 
personnel for service at other points. The IOM of Lt. Wilbur G. Downs was 
particularly regretted by the Sector surgeon. 

The problem of A. beUmtor was considered wont at Fort Bead, in the 
center of Trinidad. It was said that, even if the entire Fort Read area were 
covered with concrete, the malaria problem there would not be affected. 

This was an exaggeration, hot the statament is significant. The possi- 
bility of felling the immortelle trees, hauling them away, and burning them 
to destroy the brometiads was rejected because of expense. More practical 
was the training of crews to climb the trees and cut out the nrnmeliadi. The 
eventual employment of pressure pumps to spray the nromeiiads with copper 
sulphate, which is toxic to the epiphytes, had to await the arrival of suitable 
machinery from the United States. The VS. Department of Agriculture 
was instrumental in arranging the shipment from Greenfield, Masse, of a 
Bean power sprayer, formerly used in combating gypsy moth depredations in 
New England (fig. 27). 

The type of malaria control employed at each location depended upon the 
nature of the particular base. Thus, within the Trinidad Sector, UÄ in- 
stallations fell into three categories, according to probable permanence.   Six 
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were 99-year leased bases. These were Fort Bead, Edinburgh Air Base, 
Green Hill Cantonment, Port of SiMiin, British (iiiiiiim Base Conunnnd, ami 
Saint Lucia Base Command. 

Base» held only for the duration of the war included five individual sta- 
tions in Surinam, an airbase in French Guiana, and the two Dutch Islands, 
Aruba (Camp Savaneta) and Curacao (Citmp Süffisant). 

Small outposts, of indefinite number and permanence, were scattered 
throughout the Trinidad Sector and though oc<'iipie<l hy relatively few men 
constituted a distinct health problem of their own. Malaria discipline was 
chiefly counted on in these situations. A single exception was La Lime, Trini- 
dad, where mosquito breeding was limited to a restricted area along one bonier 
of the camp. Clearing and Urviciding measures were found to be economically 
feasible and greatly reduced the mosquito problem. 

At bases to be held only for the duration of the war, control measures 
depended on the anopheline fauna. On Aruba and Curacao, no malaria 
problem existed. During the construction of tlie airbase in French Guiana, 
drainage, larvkiding, and spray killing of adult mosquitoes were employed to 
protect the construction crews, which entered the area late in April 1943. 
On recommendation of the Trinidad Base Command, native labor camps and 
Puerto Ricnn labor camps were moved to 1 mile from the JjJS. camp. So 
far as can be ascertained, construction was suspended before completion of 
the work, the base was never activated, and only a very restricted malaria 
control program waa ever in operation at the base. 

Of the five temporary stations in Surinam, only Zanderij Field saw an 
extensive larviridal and drainage program. Camp Paranam and Camp Mo- 
engo were served through programs carried out by the local aluminum 
companies. In general, larvicidal work was instituted whenever field inspec- 
tion snowed the breeding of anophelines. 

At the six bases of the 99-year class, long-range plans as well as emergency 
muHiiwe were, of coarse, important.   Each of these installations is i 
separately in the section which follows. 

CONTROL PROGRAMS AT BASES UNDER LONG-TERM LEASE' 

Air Ran. TimUni, B.WX-Dreinage lor malaria control 
coadd Bet he accomplished until general pupose drainage had been completed, 
and this was alow. Larrioidel control within the base, however, was excellae*. 
Beginning in September IMS, the bass was operated by Navy personnel, and 
the 80th Construction Battalion was assigned there. As long as Army per- 
sonuel remained at this establishment, a cooperative program of mosquito 
control was in elect. The 80th Construction Battalion provided necessary 
equipment, such as dragline and bulldoaer, while the post engineer furnished 
larvieidal control and labor to man the equipment. 
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Port of Spain, Trinidad, B.W.I.—The |M*>t extended fur about a mile 
along the Port of .Spain waterfront and miu;«*<l from one-<|iiartt*r to one-half 
a init« wide. Xorinnl tilling and jrnulinjj took cure of nil in^'iiter breeding 
areas, and lurvicidnl work covered I he rest. To prole«*) ad«i|iml«*ly nil parts 
of tlie |xwl, ]>eriiiis*ion was secured to extend <*onl)*o) measures inlo British 
pro|ierty known as the Kings wharf iiiva. ('nnlrol np|M-nrs to have beeti 
iie*irlj* complete. For months at a time, ins-s-ciors wen* nimble to lind 
anopheline larvae. 

Green Hill Caatonment, Trinidad, B.W.I. This cantoiiiiient suffered a 
high malarial rate in IW2. A large, coastal swamp, closely adjacent, was the 
source of I In» nnopheline vector. Accordingly, in February l!M-"l. the «listrict 
engineer was «tirvcted to prori«lt> a nonclogging, self-cleniising «inllet from the 
swamp to the ocean and to install a tide gate. This was compieleil in July 11M3, 
leaving the swamp entirely dry. 

Green Hill Cantonment WHS Imilt in a coconut plantation. This resulted 
in ditch maintenance being more expensive than usual for n (Net this size. In 
spite of this, excellent standards were maintained. 

Fort Road, Trinidad, B.W4.—It was not until April IMS that a larvi- 
ciding program was sUrte<l for the control of grouitd-breetliiig nvunquitoes. 
Earlier in tl«e year, it was believe«! that the tree-breeding .1. Mlator was the 
only malaria vector of consequence in the vicinity. TV disclosure by the field 
inspection program that .1. aqnaitnUt was breeding extensively nearby caused 
consHieralile revision of control procedures. It was found that not only was 
this species present in the salt marshes 13 miles away hut that it had adapted 
itself to a salt-free environment and was breeding successfully in fresh water 
pools throughout the Fort Read area (fig. 28). It then became necessary to 
cover approximately 25 square miles of territory with larvicide each 7-day 
period. A Sanitary Corps oaVer was assigned to cooperate with the staff of 
the post engineer in carrying out this program. There was a lack of labor, 
transportation, and of competent »per-riskm, but these problems were gradu- 
ally solved, and, by 1 September 1M3, good control over ground-breeding 
mosquitoes had been achieved. Minor drainage projects were carried out here 
and there to el «animate repented mrr k-idtng. 

As for the control of A. bdUtor, because of delay in the shipping of 
mghrpremure »pray machinery, it became necessary to resort to a hand- 
cntting program for the oMmJantfcm of brnmaliads, During the last • i 
of IMS, a ■trip, nowham km than MM quarter mile wide, wan cleared 
all cantonment areas. This involved «dimbing MUM TOyOOO immortelle tram. 
An allotment of $102^000 from Headquarter*, Caribbean Defame Conunand, 
waa nearly all used for this purpose. 

Biilhm Gnaana Ban« CmumaawV—An excellent program was initiated 
in 1942 and supplemented in IMS by a certain amount of new ditching to 
connect several springs and streamlets with the main outfall. The mainte- 

of the system, however, proved eoceasively expensive.   In 1M4, steps 
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ruuK 28.—Dawn trap wed In ■Mmanito mmy at Fort Rcail, Trinidad, B.W.I 

w«n taken toward the installation of permanent tidal gates which would 
prevent tidal water from entering areas adjacent to the Demerara River. 
Homemade tidal gates had been in operation on all outfall drains fronting 
the river since IMS?. 

Samt Lad* Baa« Cmmumati. Much swamp filling, drainage, and clear» 
ing work wen accomplished during the construction period. Subsequent ex- 
tension of the drainage and Ailing, together with a well-administered mrvi- 
oidal program, made Saint Lucia relatively mosquito free in 1943. It was 
only necessary to extend the permanent construction work to cut down main- 

The incidence of malaria among military personnel on Samt Lucia in 
1948 was approximately 4ft per 1,000 per annam; by 1944, this had been 
reduced to 8 per 1,000 par annum. Flushing of certain swamps with sea water 
and emphasis on individual protect im measures were considered responsi- 
ble for a good shun of the improvement. 

Special Units, Organization*, and Projects 

CaraYbnaa Health Service during eeaatracttaa ef bases.—The London 
treaty of 87 March 1941, confirming an exchange of notes, dated 3 September 
1940, gave the United States 99-y*ar teases to sites in British posuaHons for 
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the construction of Army, Navy, and Air Force Hastes. The sites were located 
in Newfoundland, the Bermudas, the Ikhiumt Islands, British West Indies, 
Jamaica, Antigua, Saint Lucia, Trinidad, and British Guiana.1" It will be 
seen that the majority of these locations fell in malarious territory. 

Construction of these bases became the responsibility of the Corps of 
Engineers, U.S. Army, and an Eastern Division, Corps of Engineers, was 
created to carry out this work. In the Caribbean, the work was carried 
on by districts which did not always have the same boundaries or designations 
throughout the war. For example, the Jamaican District, nt one time dis- 
tinct, came under the Puerto Rican District in 1943. The Army Air Base 
in Antigua, most southerly project of the Puerto Rican District in 1942, ap- 
pears in later documents as falling in the Trinidad District along with Saint 
Lucia and British Guiana. 

The medical officers who first served each base deserve great credit for 
their comprehension of the malaria problem and for their early attention 
to preventive sanitation. 

The special problem in Trinidad, relating to malaria transmission by 
A. bellator, breeder in bromeliads, in treetops, was investigated and eventually 
controlled. 

Malaria attack rates for the Caribbean area in 1942 ranged between 50 
and 180 per year per 1,000 average strength as compared, for example, with 
the low and high attack rates in Liberia, 429 for September and 1,340 for 
December 1942, respectively.1" It was found difficult to protect troops away 
from fixed installations or troops newly arrived in a highly malarious area 
where they must live under field conditions while constructing a base. The 
relative success achieved in keeping Caribbean rates within bounds would 
seem to be due in no small putt to the fact that, in general, bases were com- 
pleted by snail groups of engineers and other professional personnel, using 
auch native labor, before substantial numbers of military personnel were 
Drought there. 

The Engineer Service, Caribbean Defense Command, took a firm attitude 
regarding malaria prevention in 1941-48.'" Regulations won panted and 
rigidly enforced. These pertained to use of bed nets, quinine prophylaxis, 
nwsauiloproonng of barracks, use of insecticide spray, individual protective 

, can of tin cans, discouragement of excessive use of alcohol, main- 
i of drainage ditches, and oiling of breeding places. In general, it can 

ha said that the work of construction was not seriously hampered by the 
malarial rate prevalent in the labor force. 

«• •«• IMMI* es, p. aw. 
■Rika, Ma W. BL: Malaria, Its r>rval*at*, Caatial, aaa FtmatfcM ta ta* Afrtr* MMOt 

lOSMil mar*.) 
— «lil ill Kfcrtarr af ta* Faaaaai DtTMaa, Iftajlam  Santa»,  Cartaaraa Dawaa, 

SM1-SS. 
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The 392d Medical Malaria Control Detachment,—For the soutlieni half 
of tlie Antilles Department, the history of malaria control is very larjrely the 
history of the 302d Medical .Malaria ('out rol Detachment.1'3 

This organization, referred to in most documents ns the "Malaria labora- 
tory," serviced Trinidad, Saint Lw-in, Itrilish Guiana, Siiriiiiiin, and French 
Guiana. There were n inimher of chnnjrcs, lxilh in organization nml in |ierson- 
nel lietween its inception in 1012 and the end «if li»44, hut. as <if 1 Xoveinher 
1!>44. the organization liecanie known ns (he 3!»2d Medical Coiu|iosite I'nit 
(Malaria Control). <>n 21 March 1045. the name was changed tu302d Medical 
Malaria Control Detachment. Tlieconiiiiniidingofficerof the lalmratory served 
also as the sector malaria com rol officer, or assistant Depart ment malaria cont rol 
officer, or. during tlie |ierio«l when the lahoratorv served only Trinidad, as the 
hase malaria control officer. 

Conmiandiiur officers of the Malaria Laboratory were as follows: (apt. 
Melvin 1). Robinson, MC. arrive«! !l March 1043. departed 10 Decemlier 1043: 
Capt. Kli C. Kidgway. MC. arrived 23 December 1043. de|>arled 0 March 1045; 
Ca|it. (later Maj.) Donald C. Senjjes. SnC. arrived 2« April 1045, de|Mtrted 
15 Xoveinher 1045: and 2d Lt. Stanley F. Volles. SnC. Xovemlier 1045 through 
10 January 1040. Tlie |Mrasitologist was Mrs. Tamarath K. Voiles, from the 
opening of tlie laboratory in 15 January 1043 to December 1045: tlie entomolo- 
gist. Lieutenant Voiles, from tlie opening of tlie laboratory, 15 January 1943 
to January 104f>. Slides on all rases of malaria reported from all hospitals 
in the sector were cheeked in this laboratory. An able group of enlisted tech- 
nicians operated an insectary, identified entomological sjiecimetis, maintained 
records and files, performed necessary cliemical wftrk, and assisted in malaria 
control activities. Two of these technicians functioned on dctarlied service at 
the British Guiana 1 Use Command. 

First located in Saint Clair cantonment, immediately adjacent to the office 
of the Bfctor surgeon, the Malaria Laboratory was moved to Fort Read, 12 
May 1944, where more space and better facilities wen available. Added office 
apace, a classroom, an animal house, and a dressing room for native dippers 
were among; the features provided. From the inception of the laboratory until 
activities wen transferred to Fort Read, font in BOOS courses wen given for all 
medical officers arriving in the area, also for selected groups of nurses. Instruc- 
tion concerned the diagnosis and treatment of malaria, as well as the identifi- 
cation of anopheiine and culicine mosquitoes. 

Beginning Jl May 1943, the arctor Malaria Laboratory initiated a course for 
enlisted technicians in the laboratory diagnosis of malaria. Thick smear tech- 
nique was emphasised. Surgeons at the various posts wen urged to select 
personnel and recommend them for this training. 

All hospitals in the sector wen required to submit a thick and a thin blood 
smear on each case diagnosed as malaria. These were stained and examined 
in the sector Malaria Laboratory, and reports wen made to the hospitals. 

■ AMMMI >i|iH, a*M MIUMI lUtart» Gaatm DrtariMamt. IMS-«. 

«MSI*'- -as IT 
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Consistently recurrinjr error from any slat ion was indication for sending the 
station technician to the sector Mnlnria F^lamitorv for intensiv«* training in 
slid« diagnosis. Tliis practice resulted in a great reduction in |M»rcentnge of 
ern>r. 

The central organization maintained a slide library of all malaria patients 
in the set-tor. Kaeli incoming case was recorded on an organizational chart 
which provided a running picl nn> of malaria control efficiency for each location 
as well as for the sector as a whole. 

Most of the malaria in the Trinidad Sector was of rhuu- ty|ie. The 1 !>4-l 
annual report from this sector shows /'. nmliiriur occurring in negligible amount, 
hut throughout 1 !>-t-t the |ierceiitage caused liy /'. futri/Hirinii gradually 
increased from 18.N percent in January to :Ul.:i iien-ent in Xovemlier. There 
was n i-orres|xnidinjf decrease in the iiem'iitng»1 of rirax cases, fnan KtVl to IW.fl. 
Typical of ntleni|>ts to reduce liumaii reservoirs was a malaria survey conducted 
at tireen Hill Cantonment on MM) natives living near ilie Iwse. Any |iersou 
with a positive spleen or positive Mood smear was treated with Atalirine. 

Tlie entomological as|>ecis of the work of the sector Malaria laboratory 
deserve s|*cial comment. Continuous larval surveys were carried «MI at each 
base, as were weekly adult mixquito collections. Knlisted men of either tlie 
Cor)»w of Engineers or the Medical I >e|mrt nienl siipervisetl the nat ive collectors. 
These were pi hied by a simple, nontechnical manual, which explained methods 
of collecting, |M»cking. and shipping of adult ami larval s|wcimeiis. Identifi- 
cation work was |ierformed at the sector Malaria laboratory, to which all 
collected specimens were sent. Collectors were required to till mit data forma, 
thus contributing to knowledge of breeding, feeding, and resting habits. Iden- 
tifications were report«1 lawk to the surgeon of tlie base concerned, with com- 
ments on the relative importance of tlie species ami preferred methods of 
control. 

Many inspection* and surveys were nude by the makriolngiat and by the 
parasitologist, also by the engineer, separately or in combination with the 
mtomologiat. These involved areas in British Guiana, Surinam, French 
Guiana, Saint Lucia, and Trinidad. 

OHwr auttarjr agaitoa. Antilles Department medical laboratory at 
San Juan, shared with the 39*1 Medical Malaria Control Laboratory, at Fort 
Head, the credit for consider»Me wsearch work related to sanitation."* A 
third agency, the Anglo-American Caribbean Commission, ah» deserves com- 
ment in this connection: 

Tata Mr was created «a • March IMS far the parpn— at m —raajii and atreagihea. 
IBC aortal aad cpaantalr mtmiln Miwi the failed Wale« of Aaaartra aad Its pnimn 
BtaBM aad fca— la the area aaowa »raajraphlralljr aad anllllrally aa the CiriHmi ana, 
aad the Vailed Klaariota aad BrltMi Cotaatf* la the aaaw area, «art t» avnM aaatinwirjr 
dapllrattna erf Katarrh In Ihn» arida • • ». 

»A Watarj «7 ataUcal P»aaUanat AcMvUkw la «ha Pill   Mn> Caawuiad la WarM 
War n. m a. 
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The agency WHS located in Trinidad, at Port of Spain. (lencral health 
and living conditions received considerable ill lein ion on the part of this ad- 
visory group, which consisted of three members from each of the two countries. 
Its relation to malaria and malaria control was indirect, through its interest in 
the overall program of sanitation. 

Airplane dispersal of DDT ia the Antilles Department.—Lnrviciiliiig 
by means of airplanes had liccn undertaken with Mime success before I be avail- 
ability of I)|>T. At Lnsey Field, plane dusting with a |niris green mix was 
used to treat a second growth mangrove swamp in the extra reservation area 
in ISM:!: I<-1 or I<-4 observation biplanes were used. A similar procedure 
was followed in 1143 to protect the Navy San Patricio housing development, 
along with Fort Ihiiiiuiiiiu which was nearby. A Navy "«luck" (amphibian) 
plane was first employed, but it could not fly low enough liecaiise of its |M>ntoons. 
A "moth" nionorou|>e was later siilistitiitcd, with lietter renidts. Caking of 
the mix, deterioration «if pari* green, and variable breezes, even in the early 
morning, accounted for wide variation in the control achieved. Isit the expe- 
rience was valuable. 

Operations using HI IT were first carried on at Camp Tortugnero, and 
(somewhat later) at Fort liuudy. At Fort Himdy, tlie breeding areas were 
off the port, in mangrove swani|>s and jungle, and included |Nirtions of the 
La« Palmas river valley ami tlie Rio Dnguao valley, where ground larviciding 
measures had not proved snecessfill. 

After initial trials, reliance was placed chiefly on airplane application, 
supplemented by hand dusting and minor drainage, liefore this, in the wet 
season, control was never satisfactory, ami malaria in civilian laliorers had 
somewhat handicapped the construct ion of the base. In spite of extensive lar- 
viciding, bait trap catches of .1. lühimunn* had ranged up to 144 per night, 
per trap. The substitution of airplane spraying for all other control pro- 
cedures in the Kfo Daguao valley and lower mangrove |mrtran of the Las 
Palmas river valley achieved remarkable and gratifying results. 

Several points were established which were of great interest at the time: 
1. Spraying of DDT in diesel oil can he carried out in wind up to 18 to 

SO miles per hoar.   This is impossible with paris green dust ing. 
2. Eight to ten trips per day, in familiar areas, constitute the normal 

service which might he expected of one pilot, using an L-4 Cab type airplane. 
(In actual practice, the usual number of trips per day was fire or six.) 

3. This provides for a daily coverage of l^MN) acres and spreads from 900 
to 2&0 gallons of spray solution. (When the formulation became stabilised 
at & percent DDT in diesel oil, the rate of application was one-half gallon or 
more per acre.) 

4. A swath 90 feet wide can be satisfactorily treated by flying 15 feet above 
the mangrove, in moderate wind. 

A. Larrieidal action remained in effect about i days. 
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In mid-February 1!»4.*», there were moderately heavy rains ill Fort lliindy. 
Under former control pi-ogniins, this would have led to ti rise in mosquito den- 
sities. However, efficient pumping mid dmiiuip' systems were then in opern- 
tion, anil liiere was also an application of DDT in diesel oil liy (lie I..--4 l*i|»er 
Cub. Asii result of these combined measures, trap collections during the last 
week of llie month averii|fed only IMS specimens. During certain months, 
the o|>eratioii of the light plane was liaiii|iereil somewhat by the frequency of 
stroii); winds: nevertheless, low bait trap col lections were maiiitaiiie«l.": 

Even tirst results at Fon Hiuidy were so promising that the program was 
e.\|>aiided to include Fort Kead. Fort Simouds, ami Atkinson Field. Some 
spmyinjr was done with III |ierceni DDT in diesel oil, IHII, in most of llie appli- 
cations, a *»-|ierceiit solution was useil. One quart of solution. ei|iiivalent to 
0.1 pound of DDT per acre, proved adequate. 

Early applications were made with an I-—t I'i|ier Cub plane, equipped 
with a IIusman-Longcoy spray ap|mratus. Later, a larger HaisiHi-ty|ie J<-1 
plane was used ami liimllv a C-47, ca|mble of carrying two removable 2">0- 
gallon tanks. Intervals lietween spray operations varied from •'! to N weeks 
or longer, <le|iemling «HI aiiopbeline density and the nature of the season and 
terrain. In all cases, however, excellent control was achieved, ami, wherever 
operations were on a sufficient scale to jiermit the reduction or elimination of 
ground control activities, very significant savings in costs were realised. At 
Fort ltundy, » |iermanent drainage project to cost approximately $277,860 had 
been canceled, and alternative procedure« became mandatory. Aerial larvicid- 
ing proved to he the answer. In Trinidad, the cancellation of a similar under- 
taking, estimated to cost $t£V>00, made aerial larviciding necessary. It was, 
of course, successfid. 

In Trinidad, superior maths were ohtainetl by having the pilot cover the 
area to be treated in a «lecreasing spiral, ratJier tluui in parallel swatlis. Two 
or three spiral flights, starting at the perimeter, were required to disperse the 
amount of solution allotted for the acreage concerned. This appeared to 
result in a more even distribution of insecticide than parallel flights. 

The original plan called for the airplane spraying of only saene S^IOO acres 
directly associated with Waller Field. As actually carried out, however, the 
project included the entire Fort Read area, a tract of approximately 5^000 
acres. This was slightly rolling terrain, partially cleared of dense jangle 
around the various buildings of the post. Scattered through the heavy jungle 
were more or less chared areas which functioned as primary breeding site«. 
Complete, permanent drainage for this acreage would have cost in the vicinity 
of fgi/fc million. Control for 1 year, by use of a C-47 type plane, scarcely 
exceeded ft&VMN). The degree of efficiency achieved is indicated by s total of 
only 1.24 Anopkefr» adults per collection during the peak of the rainy season 

Min.fl Data. CM——a P»h— CMMMMV MOUT ■•« Jaljr ISM. 
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in June. One yetir lieforr, without airplane spraying, I lie figure slisal at M».-2 
adults per colleci ion. 

In territory requiring great maneuverability of the plane, the \*—I and 
Lr-1 type» were superior, though somewhat more expensive to operate than 
the C-47. 

As a result of the Department surgeon's ins(>e<-tioii of liases in Culm and 
Jamaica in Decemlier l!>4.">, it was recommended that a second (MT plane lie 
requested for use in DDT spraying in the Antilles Department. With one 
plane based at Itorinquen Field and the other at Waller Field, it was felt that 
long flights could tie eliminated and that advantage could lie taken of optimal 
weather conditions. Also, in the event of a breakdown, the remaining plane 
might still continue to serve the area. 

Special studies on methods for disjiersal of insecticides liy aircraft made 
use of the 110th and 125th Malaria Control I "nits which had completed train- 
ing in Panama, 17 November 1U44. The technical assistance of these units 
proved very valuable. Although originally designated for service in Pacific 
areas, both units were held in Panama until 15 July 1945, a delay in movement 
of 3 months over onlers previously issued. These units had previously 
served in the Antilles De|mrtiueiil and were attache«! to tlie Army S-lmol of 
Malariofagy on a temporär}' basis. P>y (Jenem 1 Orders Xo. :U, Panama Canal 
Department, they had been redesigiiated on 2 May 1944, as the 119th and 
125th Malaria Control Detachments. 

BacapJUdati— ami tmmmft—In the Antilles Department, it was neces- 
sary to locate many of the bases in low, marginal areas where extensive mos- 
quito breeding was inevitable. Temporary control measures were usually 
instituted along with first construction operations. Overall plans for the 
base provided for more permanent control measures. 

In arneral. malaria rates were high during the first year, gradually drop- 
ping to a tolerable level as major engineering operations were completed. In 
1944, it was possible for many posts to maintain satisfactory control with rou- 
tine preventive practices and a larviciding program. In the same year, the 
use of the airplane for dispersal of DDT made possible the treatment of areas 
hitherto inaccessible and greatly cat the labor cost in many localities where a 
large labor force had previously been required. An airplane can cover in 
a few hoars territory which reqairea days to treat with ordinary ground 
equipment. Certain costly, permanent work which had long Iwen planned 
was postponed or abandoned in favor of treatment from the air. Although 
many biological scientists have seriously questioned the ultimate effect of 
continued air dispersal of DDT on the fauna and flora of the regions involved, 
there can be no doubt that economic advantage clearly justified this procedure 
during the latter portion of the war. 

As discussed previously, most of the preliminary work with airplane dis- 
persal was conducted at Fort llundy.   With former methods, in spite of the 
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combined programs of the Army and the l'.S. Public Health Service, iiiiiimil 
bait t raps lex-ale«! on .swamp margins continue«! to give anopheline catches that 
were undesirably high. For a brief jicriotl, this reached over 1,000 s|ieciinens 
|>er night owing to heavy rainfall. Salinizatiou «litclics weiv use«l to reduce 
breeding in a mangrove swamp to the south of the Imsc, und a pasture, dim-try 
west, was serveil by a pumping station with u drainage and diking system. 
Aerial larviciding was employed us an added measure, especially over man- 
grove swamp« lying to the southwest. When an uninterrupted 7-day cycle 
was maintained, the anopheline catch remained close to zero. Similar results 
were obtained by the Navy in treating the H ruga I Swamp, near San Juan. 

Spraying of the walls and ceilings of native huts on or near military areas 
with f» per«*eiit DDT in kerosene was also tried. This, of course, was aimed 
at reducing the numlwr of infected mosiiuitoes. Surfaces so treated retained 
their toxicity for at least 2 months. 

Older insecticides were also maile effective by improved technitpies. U.S. 
Public Health Service |iersonnel developed oil emulsions to replace straight 
oil as a larvicide. More etfective, and less i-ostly, tlie emulsion larvicide was 
much used at Losey Field, where an M—I chemical warfare apparatus was em- 
ployed in its preparation. 

PROBLEMS OF U.S. ARMY AIR FORCES IN THE CARIBBEAN 
DEFENSE COMMAND 

Sixth Air Force '" 

Tlie predecessor of tlie Sixth Air Force was the 19th Composite Wing, 
which had been activate«! in 1920 and was stationed at France Field, on the 
Atlantic side of the Canal Zone. Tlie airbase at Albrook Field, on tlie Pacific 
side, was opened in 1932. During tlie 1930's, all medical sen-ice to t Urse troops 
was provided by officers and men on duty in tlie PCD ami assigned either to 
Albrook or France Field. 

Approximately 40 emergency landing fields were available in the Canal 
Zone and Republic of Panama. Some of these were merely unimproved pas- 
ture lands, but others, with various improvements, became of military impor- 
tance, with attendant medical problems. Some time was to elapse, however, 
before the idea of establishing a ring of outlying bases clianged the basic 
concept of defense from that of destroying planes over the Canal Zone to one 
of preventing any enemy from coming within striking «listanoe of it. 

To develop needed additional airbases, and to service them, tlie Servi«-e 
Command, Caribbean Air Force, was brought into being on 18 September 1941. 

•»Cscapc u otWrwta» laufest«*, an «at« la tkto sceMaa kara kern r.MaU.i tnm tkc MnHral 
■lately af tk» Stxtk Air rant. 1HM1. 
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One week later, three Service Area Commnnds were established; namely, the 
Panama Service Area Command, the Puerto Rico Service Aren < oiimmntl, ami 
the Trinidad Service Area Command. The Service Command hail control of 
all Air Corps Stations, Air Corjw liases, and Air Ilepots in the Caribbean 
Defense Coimnand, inclndinji all service personnel, service units, and Kxetl 
installations thereon located. Combat units were thus left free to engage in 
training or fighting, as occasion might demand. As a matter of record, it 
should lie state«! that the Panama Area Service Command never o|>crated 
under nn approved table of organization ami was eventually nhsorhed hy the 
Service Command itself. 

Under a reorganization in February l!Mo, the 10th Com|iosite Wing was 
made tit include the Panama Air Depot, in addition to a IIIIIIIIHT of newly 
activatetl units. The first use i>f the term "Air Force," in connection with tliese 
units was in Xovemlier 1940. when the Panama Canal Department Air Force 
was activated and assigned to Albrook Field. Certain Signal and Ordnance 
Corps components were inclmled, in addition to all units making up the lSMh 
Composite Wing. Maj. William It. Wilson. MC, was «lesignated on 27 January 
1941 is Surgeon, Panama Canal Department Air Force. 

Major Wilson was replaced by Lt. Col. Ernest F. Harrison, MC, win» 
arrived in Panama, 19 October 1941, and was announced as Surgeon, Carib- 
liean Air Force, 2 days later. Maj. (later Col.) John It. Herman, MC, for- 
merly Surgeon, Albrook Field, became assistant surgeon. Practically all of 
the planning, organization, ami supervision of medical services during 1942 
fell to these two officers. This was, of course, the year of greatest expansion 
and development. In February 1942, Colonel Harrison visited, in jiersoti, 
Curacao, Aruha, Trinidad, Surinam, Saint Lucia, Antigua, Saint Croix, 
Puerto Rico, the Dominican Republic, Haiti, Cuba, Guatemala, Nicaragua, and 
Costa Rica. 

The subsequent history of the Panama Canal Department Air Force was 
as an integral part of the newly formed Caribbean Defense Command, the 
headquarters of which were activated 8 May 1941, at Quarry Heights. All 
Air Forces of the Panama Canal Department, together with those of the 
Puerto Ricun Department and the Trinidad Base Command, wen immediately 
combined into the Caribbean Air Force. 

Because the Caribbean Air Force had been given practical autonomy 
by the commanding general of the Caribbean Defense Command, it became 
necessary to clarify the division of medical responsibility. In February 1942, 
the Army Ground Forces of the Panama Canal Department, Puerto Rican 
Department, and Trinidad Base Command retained responsibility for en- 
vironmental sanitation, veterinary inspections, all quarantine measures, new 
water supply projects, medical supply and related inspections, and also for 
general hospitalization and evacuation to general hospitals. 
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All otlier medical service of the Air Force o|M>mted imle|ien(leiilly for the 
next yenr ami a half. It will be .seen that long-rouge, |ieniianeiit projects for 
malaria control remained in the hands of the Army (ironnd Forces which 
were responsible for ''environmental sanitation.'' 

On (i March VMi. the Caribbean Air Force was ^designated the Sixth 
Air Force. Colonel Harrison, as surgeon, headed the medical section of that 
headquarters. 

The Trinidad and Puerto Rican areas required the Air Force to face a more 
serious malaria problem than had been encountered in Panama. Whereas 
permanent drainage, tilling, and construction projects had rendered the Canal 
Zone relatively safe, a large number of new stations and outposts throughout 
the Antilles were being established in wholly unsanitated surroundings, insofar 
as malaria was concerned. In some regions, 80 percent of tlie native |x>pula- 
t ion were infected. It is not st range that the primary malaria rate skyrocketed 
from the old average of 7<> per 1,000 per annum (Panama Canal Department) 
for the years 1040 and 1941 to a peak in June 19*2 of 233 per 1,000 per annum 
in military personnel. 

During this year, numerous airlmses, airdromes, nnd air warning outposts 
were established. This defense system involved Air Force installations from 
Guatemala to Peru and from the Greater and Lesser Antilles to the Galapagos 
Islands in the Pacific. The Panama Area included airbases at Albrook Field, 
Howard Field, France Field, Kfo Hato, Guatemala City, Salinas, Ecuador, 
Galapagos Islands, and David, R. de P., with auxiliary airdromes at Chame, 
Aguaduk», La ('horrent, anil La Joya, all in the Panamanian Republic. 

The Puerto Rican Area included the airlmses at Borinqnen Field, Losey 
Field, Benedict Field, and Coolidge Field. 

The Trinidad Area included airbases at Waller Field, Beane Field, Hato 
Field, Zanderij Field, and Atkinson Field. 

The further establishment of numerous aircraft warning stations made the 
malaria problem much more real. Many of these were quite isolated and could 
only be reached by boat, after a 48-hour trip. Organization of the Medical 
Detachment, 558th Signal Aircraft Warning Battalion, dated from 7 Match 
IMS. When this battalion was disbanded and replaced by the 516th Signal 
Aircraft Warning Regiment, the Medical Detachment was increased to 9 o*- 
cers and «7 «dieted men (eventually to 93). Dispensaries were operated at 
Howard Field, Quarry Heights, and Fort Gnlick. 

By September 1943, evacuation facilities had been much improved, per- 
mitting the medical oScers to spend more time on inspection trips and the su- 
pervision of sanitary maintenance. As a result, the incidence of malaria was 
reduced to rates comparable to those found in more sanitated areas. In accord- 
ance with published orders, Atabrine prophylaxis was discontinued in October 
1944. It was believed that the malaria rate did not increase, because of the 
vigilance of the men in carrying out all other measures for malaria prevention. 
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Ae an outgrowth of the orpinizations listed above, Ili«> .YVMi Signal Aircraft 
Warning llattalion waxactivated -i."> November l!»44. 

The Medical Service of the Sixth Air Fon* inevitably Uvuine interested 
in the dispersal <>f DDT fnmi airplanes for th«> control of insect vectors -»f 
disease. Various texts aiul achievements within the territory of I lie Cnriltiieiui 
Defense Command have heeii discusse«! previously. These results, and similar 
reports of success in many theaters, led the Office of tlie Air Surgeon, Washing- 
ton, D.C., to propose the activation and training of Air Force inseet control 
units. Such units were to <-onsi*t of certain ex|ierienced Hying personnel 
trained in low-level flying, together wit'a inalariologists. entomologists, and 
sanitary engineers, in addition to necessary ground and supporting eleiiieuts."'' 
Notice to this effect was sent the surgeon of the Sixth Air Force on :i May 11M.V 
It is not known if any such units were ever activated for service in the Carib- 
bean Defense Command. 

The Air Transport Command 

The Caribbean Wing (later redesignated the CarilnVsn Division) of tlie 
Air Transport Command became of greatest importance during the latter half 
of the war. It had its malaria problem*, but, being forewarned, was fore- 
armed and of course made use of well-developed ami already sanitated fa- 
cilities. Excellent general malaria control ami individual discipline were 
reported from Atkinson Field,"* only two cases of malaria having occurred 
over an extended period. Hie flight surgeon carried «MI a |>rograin of medical 
education here as at otlier liases. Transient personnel were liriefecl daily with 
particular stress on malaria. Suppress! ve treatment, individual |>reventive 
■Manures, and the use of the Aetosol bomb were given emphasis. A 4-hour 
malaria course for officers and enlisted men was repeated every few months. 

At Waller Field, only one case of malaria was reported during 3 months. 
Bed nets were required and Imrrack» were sprayed, though tlie efficiency of the 
latter night be doubted as, at first, open barracks prevailed and only Aerosol 
insecticide was available for much of the time. Spraying time was increased 
in sn attempt to compensate for this. For the last 3 months of 1W4, there wus 
no malaria among Air Transport Command personnel at Waller Field. As 
reported on 1 January IMS, mosquitoes were few, a reflection of the efficiency 
of the insect control program. The post was well drained, the ba racks well 
screened, all screens were inspected at least oner a week, ami a continuous 
program of oiling, spraying, and clearing was in ofierat ion.m 

'• Ix-Mrt, Bri*. n*a- CaarWa B. flaw, Draal?. TV Air Sararna. to MnnrraB. Slxia Air Foirt. 
3 Mar !•*». M*>*t: Tm»—illt.1 nf T/O awl T/K far laarrt OMral ran. 

•»Mnllnil nMnrlral Rvvart. CHMHI Win*. Air Traaaanr« «'aaaaaai, Fraai It» lawfllaa 
HMMMk »» Jaar 1*44. <m*trrt: Unikal PruHiii. Alklaaaa list Brlllak Ualaaa. 

"■ Mwa—I Hlatartral B<-a«r«. Carlaaiaa NibU. Air Traaaaart CJaaHaaa*. I Jalr-M Sra«. I»44. 
■aajrrl: Malaria. lMltk A Ar baaa Halt. Waller WU. Trial*«!. 

•MStr—«a— -is 
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The Caribbean Air Command, 1946 

The malaria rates among personnel in the Carilibeun Air Command for 
September 1046 are shown in tlie following tabulation: 

Mmte ptr 1 ,f M a« r mmmm 
1*11  llarlaWin« aaakaara) <»H mmrrtnl I 

Allinwfe          5.1 
Howard    5.0 
Fran-*       21.1 
Borltvjueu     «.5 
Panama Cwaatal Fi-oatier      5.2 
CaribbeanI'uaatalFrontier    4.3 
hält Ire CouBiaad         4.72 

Xo < liniral malaria waH present at the Panamn Air Depot, Itio Hato, 
Keane Field, Coolidge Field, Vernam Field, Atkinson Field, Waller Field, or 
their satellites. 

It will he noted that no primary malaria oreurred. During tlie previous 
month (August 1946), the primary rate for the Caribbt an Air Command was 
5.6; for .September 194&, it had been 0.6. 

The good results shown in this particular report reflected the assumption 
of part of the control work by post engineers. This work had previously been 
performed by hiring laborers who were paid out of Medical Department funds. 

Airplane spraying of DDT was also beginning to make itself felt. By 
this time, such procedure bad become routine at Howard Field, France Field, 
and Rfo Hato Air Field in the Panama coastal frontier area. In the Carib- 
b> .:ii coastal frontier area, airplane spraying was being used when necessary. 
At all outpost stations, individual protection was emphasised. 

COOPERATING ORGANIZATIONS (NONM1UTARY) 

The Rockefeller Fotudation 

The hifctory of malaria control in this area during the war years was in- 
timately involved with the previous aad continaing activities of the Inter- 
national Health Division of the Rockefeller Foundation.1"* Malaria survey«, 
field studies, and control activities were carried out in Puerto Rico from 1920 
to 1836, In 1024 and from 1940 to 1943, surreys and field studies wen eon- 
ducted by the Foundation in Haiti. From 1988 to 1968, Jamaica had received 
similar attention. There were Foundation malaria projects in Costa Rica, 
1928-4«; Honduras, 1927; Nicaragua, 1920-25; Panama, 1926-39; El Salvador, 
1934-42; Cuba, 193&-42; British Guiana, 1938-46; Trinidad, 1941-46; and 
Colombia, 1929,1932-48. 

*• Aaaajal aa-aurta. BwfjHHfct r—*»W—, Itaw-IMM. 
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U.S. Public Health Service—Malaria Control in War Areas '" 

The office of MCWA was exttihlislied in February l%.H'2,:^' to organize a 
control program whirl» would utilize the resources of the Work Projects Ad- 
ministration and State health deiNirtnients, supplemented by direct o|>emti«iiis 
on the |wrt of the V.S. Public Health Servitv when other rcsounvs were 
inade<|uate. Control work outside military lvserviitMsis wan closely inte^ruled 
with that carried on by military authorities within the boundaries of the 
various posts.   Operations began 17 March VMi. 

Insofar as the Caribbean ltefense Command was concerned, activities 
centered in Puerto Rico and, to a lesser extent, in Jamaica. 

lly tlte end of 1041, the Navy had bejnin tlie vast Roosevelt Roads Naval 
Base, and Puerto Rico became strategically important in many ways. It was 
a hase for antisubmarine operation by both sea and air.1"3 Military installa- 
tions were located for tactical and strategic puqtoses, of course, and this 
usually involved localities where both hyperendemic malaria and infected 
mosquitoes were to be found. All Army i*jste excejH liorinquen Field were 
|Miorly located in this res|iect, as were tlie two major naval bases at Knsenada 
Honda and Vieques. Night duty was es|wcially hazardous at coast artillery, 
searchlight, ami antiaircraft installations. One-third of the first group of 
marines sent to Vieques island came down with malaria within 3 months after 
landing there. 

During 1941, an attempt was matle, utilising Work l*rnjects Administra- 
tion labor, to carry out antimalaria work near military bases. This effort, 
sponsored chiefly by the Insular Health Department, came to very little be- 
cause of material ami equipment shortages and lack of trained personnel. 
The malaria attack rat« in military personnel continued to rise. 

When MCWA began operations in Puerto Rico, it was agreed with the 
Insular Health Department that all antiauopheline project» around military 
baaea would be carried out directly by the VS. Public Health Service. This 
enabled local funds to be concent rated chiefly on malaria control in rural areas 
and civilian population centers, with particular emphasis on the provision of 
aatiaoaknal drugs. 

Malaria Control in War Anas confined its first work to the vicinity of 
the four major Army posts and the two naval banes namtioned previously. 
The Army poets wen Fort Buchanan, Loaey Field, Camp O'Reilly, and Camp 
Tortuguero. The Army and Navy did as much intraeantomnent work as possi- 
ble, while the I'A Public Health Service devoted itself primarily to extra- 
cantonment activities."* 

" Mark »*att—I hrf«allM lit»nit»« Malaria CaatNl ra War Arms I» ant «Mat taraaaaaat 
•thtr piHIiaii at thai —rltaa aa* Mai as a* a'aaUrawa' am. 

»Malaria, CaatNl la War Ana«. IMJ 41. a. M. Im Baa—ary «f ActrrMka. OaV* M Malaria 
Caatrrt la War Arraa, V*. PaaMr Bran» Srrrtc*. IMS-«*. 

- Prall. H. I»., «a* anaa«—. P. A.: Hlatarr tt MCWA OarraMsaa la Parrta Raw. 1M3 l»M 
lOaMal rmra.1 

■> BaMra. J.: Tar PrwHUta» af Malaria Aamaa lap MlSurj Paroa la Parrta Rlaa. Bal. Aaar. 
■aal. Parrta Baa* W: S» «a, Mart* ISM. 
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Four types of extrucimtoiinieiit control were nvnilal>l«>, nil rukulated to 
reduce |IH> numbers of mosquito larvae. These were I lie (I) use of |mris green 
(a stomach poison), {■>) use of oil (nets primarily on respiratory orpins), 
(3) drainage projects (designed lo remove water lie fore n generation of mos- 
quitoes can I* produced), und (4) lillinir o|s?rations (to eliminate depressions 
in which water often stands). 

Miiiiniaile breeding places were very iimiiiioii. At Fort Hiielninaii, the 
incidental lillinir of drainage ways hail caused Hooding into old pasture lands, 
sugarcane fields, and mangrove swani|is. At Camp O'lteilly, a network of 
roads (without culverts) at the very center of the encampment hud dammed 
the ditches and thus formed breeding places, while borrow pits and old stream 
channels, not filled in, produced mosquitoes in the immediate vicinity of the 
barracks. At Knseimda Honda, also, roadbuilding and general leveling bad 
blocked many drainage courses, and the constant efforts of over a hundred 
laborers were required to keep conditions from becoming a menace. 

At Fort Buchanan and I<osey Field, subsoil tile was first employed in 
drainage projects. lauter, liowever, centrifugal piuii|>s were usetl in low-lying 
areas, not only to lift water from below sea level but also to facilitate drainage 
from laud not more than .1 feet above sea level. Tlie water was led off through 
Urge, open, outfall canals. 

Larviciding crews were employed in tlie afternoons on minor drainage 
work, whenever winds became too strong to «lo effective dusting with jiaris 
green. During the more active breeding season, water was not allowed to go 
undrained or untreated in any place for »tore than n week, as this time repre- 
sented the development |teriod of a mosquito generation under favorable con- 
ditions; 2 days for the eggs, 1 day for each of tlie four larval stages, and 1 
day for the papa. 

It was diaV-ult to evaluate the merits of larviciding and drainage as 
compared with measures aimed directly at tlie adult mosquito, rlecatwe of 
improvements in types of moMjuito traps, nightly counts of captured adult 
anophrlines sometimes rose, even when Held control conditions were becoming 
increasingly effective. Certainly the "safe index** under one set of conditions 
cannot be taken as reliable in another setting, though tlie MCW'A did use an 
index of "*.V as a tentative aiming point for keeping malaria at a minimal 
kwel"' 

Mosquitopronnng of barracks, supplement«! by spray killing of the few 
mosquitoes which succeeded in entering buddings, must receive a great deal 
of credit for reducing malaria transmission but only in iMitnership with at- 
tacks made concurrent Iy on i be breed i ng grounds of t he vector hosts. It would 
br unfair to state that antiadult procedures were chiefly responsible for marked 

•» RVtHlrraaa. J. It.: A.ltauUrfc, Mraaami far ta» IT»|w<l— af MIHtarj CrroHHMH II |-arrt» 
Bta» aa4 Tart» AaaMraaBlty t. ciTlltaa Malaria CaMral. Faarta air» i. Faa. Ifc-alth * Traa. )M 
*•: 41»-»44. Immr ISM. 
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decreases in the incidence of niuliiriii among ilic troops. Also iin|Mirtniit is 
the fact that appiiiviil decreases in nut In r in usually needed interpretation. 
Early morbidity reiKiils «lid not distinguish between primary attacks tint I re- 
current conditions, whereas Inter re|M>rts «liil. Intelligent compni isons required 
careful study. 

A |M»inl of interest brought out ill the Molten IV|M»II '■'•" is that lurviciding. 
usually advocated where.drainage cannot yet U' undertaken, was mrely effect ive 
in Puerto Uico until after a certain aiiMiiint of preliminary drainage had lieeu 
accomplished. This reduced tlie breeding ureas to n |M»int wlicre real control 
might be accomplished with the facilities available. Otherwise, in suite of 
a pood larvae kill (INI percent with pnris preen), materials and labor were often 
wasted. 

A malaria hoard was formed, consisting of the Antillen l)e|mnnieiit 
malaria control officer, a representative of tlie (W|K of Engineers, C.S. Army, 
and Hie Chief of Operations, MCWA. This board visited various CS. Army 
posts throughout tlie Caribbean. including those in leased territory One out- 
come of this visit was tlie institution of an extracaiitoninent program in the 
vicinity of Fort Simonds in l'.M4. I'nusiial rainfall late in ISM.'i created a 
special problem liere, which was met by weekly spraying from tlie air with it 
percent I )I»T in diesel oil, utilising a plan« based on Horinqneu Field. 

In 11)15, theCS. Public Health Service carried out an urban malaria con- 
trol project at Ponce in « jp*rati<Hi with th« Insular Health Department and 
the Puerto Rican Work l*rojects Administration. Tlie next year «aw a 1>IXT 
residual spray project at Santa Isabel.*'* 

The MCWA Held station in Puerto Rico rendered monthly reports on its 
activities for the entire period, 1944-45. These were submitted to tlie Division 
of States Relations, CS. Public Health Service, until that Division became part 
of the llureati of State Services, after which reports were sent to that ofSce. 

In the fall of 1045, UM MCWA notified both the Army ami the Xavy that 
it proposed to close out its operations in Puerto Rico. Hot h arms of tlie «em ice, 
however, requested that the CS. Public Health Service continue its of «rations, 
modified in accordance with need and availability of funds. This was approved 
by the Federal Security Administrator, after which a joint malaria control 
organisation was established. The administrative body was the Joint Army- 
Xavr-Air Force-U.S. Public Health Sen-ice Malaria Control Committee, to be 
known later aa the Joint Anny-Xavy-Air Force-CS. Public Health Seriiee 
Malaria Control Board. This agency continued to function until about mid- 
year 1950. The coordination of intracantonment ami extracantonment activities 
under this arrangement appears to have been excellent.1"* 

After the war, the "Malaria Control in War Areas Program" of tlie CS. 
Public Health Service was superseded by the b Extended Malaria Control Pro- 

' Sr» fntaatr I .VI. p. 341. 
• Sf* MMM lis. p. 241. 

, r.B. in, hnn, AatUm, IM». 



244 n>Murxir.\ni.K IUMKAMKM 

gram.*" "'' Whereas the first was calculated to proiecr military personnel from 
malaria indiciums in war areas, the second was ileviseil to forestall the \WK- 

siliility of the transmission of malaria from returning servicemen to civilian 
|M>|>ulations. Kesidual spraying of houses with DDT was undertaken in Puerto 
Rico on an ex|>eriineiitnl Imsis. The village of l'laya de lluumcao was sprayed 
tliree times at intervals of IS months. Klood lilni surveys over tin* |x>riod con- 
cerned showed a drop in |Misitive percentage fnnii ä.H in Xovemlier l!»44 to 0.1» 
in Xovemlier l!t4.'>. In tlie unspmyed village of l/oiza Aide», the iiercentages 
were 4.7 and Jl.N, «m <-orre*|>ondmg dates. These desiraMe results of the residual 
spray program are all the more striking since. I. uNtiumnim. the principal vector, 
seldom remains within houses except for a few hours during the night and 
thus has no extended op|xirt unity to acquire a lethal dose of DDT. 

Inter-American (Cooperative Health Servkrs 

A force nnVting at least indirectly both the health of troo|m and the 
health of civilian labor in the American Tropics was the Institute of Inter- 
American Affairs. Key defense areas and thotte producing critical war mate- 
rials received particular attention.1** The establishment and su|>ervision of 
airbasf-H, the protection of rubber workers in the Amaaon, and tlie sanitation 
of camps for highway ami railroad workers all furnished occasion for activity, 
especially in the Held of malaria control. 

The malaria program was part of a concentrated health campaign entered 
upon jointly by 18 American Republics, including the United States. At a 
meeting of American foreign ministen in January IMS, the importance of the 
mohilicat km of vital forces was recognised, and, 1 month later, the Health and 
Sanitation Division was established in the OCce of the Coordinator of Inter- 
American Afairs. It became the responsibility of this Division to extend ami 
amplify the work done by the Rockefeller Foundation (International Health 
Division) and the consultant services of the Pan-America» Sanitary Bureau. 

The Institute of Inter-American Affairs was a corporate unity, set up by 
the Coordinator of Inter-American Affairs to administer funds and execute 
cooperative agreements hat ween the United States and other American Re- 
publics. Funds, voted by the US. Congress, were assigned to the Institut« lor 
administration. By mutual agreement, each republic formed a cooperative 
health service, as an integral part of its National Department of Health. Any 
project, such as malaria control, was the joint responsibility of the field repre- 
sentative of the Health and Sanitation Division of the Institute of Inter- 
American Affairs and a representative of the National Department of Health 
of the republic concerned.   Technical field parties sent from the United States 

MI ttok, V. a: A PraaafcMrjr auwrt «a Malaria Caatral a? DDT »irtaaal Safajk« J. Sat. 
Malaria a». S: 1M-13*. )m IMT. 

— D— aai. O. C.: Malaria Caatral JUtMMra af M* laxltatr at lairr-Aurma Alain. J. Xat. 
Malaria Bar. S: S1-3S. Mare» ISM, 
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were supplemented by Ux-al personnel. Funds and equipment were »It«» sup- 
plied from both sources. 

Towns in the Republic of Panama which lay along the Inter-American 
Highway and the Trans-Isthmian Highway received malaria control sanitation 
under a continuing project directed by the Chief Health Officer, the Panama 
Canal. In that connection, the Chief Health Officer acted as representative of 
tlie Office of the Coordinator of Inter-American Affairs. Tlie U-iielit to the 
military was obvious, as many of these towns were close to military installations, 
and were visited frequently. Two objectives were sought: tlie reduction of the 
gametocyte reservoir and the reduction of the adult anoplieline vector 
population. 

Though conceived in response to an emergency situation, the machinery 
set. up by the Inter-American Cooperative Public Health Services was destined 
to develop a pattern for continued, cooperative effort in tlie Held of international 
public health. Tlie translation into Portuguese of "Practical Malariologyv lw 

a National Research Council publication, for the lienefit of malariologists work- 
ing in ltrasil, is an example of postwar activity on the part of the Institute of 
Inter-American Affairs. 

MISCELLANEOUS MATTERS 

Allocation of DOT 

When DDT was available in pounds, rather than tons,"14 very careful 
calculations wen made to insure a fair distribution to all theaters. For ex- 
ample, recommended allotments out of the 90,000 pounds available for 
lanriciding purposes in April 1944 were as follows: 

B—Mra-ft Factat  13,«*»         Cirftin» THttmm Ommmmi  1.9*» 
Baatk  PacUe. 12,000         Ho**» Atlantic  BW 
CMaa-BataM-Iaala   l«,oa>         (Wni hMttt  0*» 
Nartfc Africa MvOM         CoatlaeaUl Ualteri Wata  l,«a» 
mm. But     *.•«         «serial mm  IN 

The Caribbean and South Atlantic Commands together were thus allotted 
only iOOO of the MjOOO pounds, or 4 percent. This does not mean that the 
malaria problems of these areas had become t ri vial, but rather that the majority 
of troops therein were at established posts, protected by permanent control 
measures, a Situation which contrasted sharply with the shifting conditions 
imposed by combat activities in undeveloped countries. 

»aw fmiuwir a I«I. » it«. 
«• MMMUhm Mai. O. ». MrCmj. MC, Dnm-tnr. Twafcml Dhmmr CMlrH IHrWM far |hc 

QMHiiMair OMkml, att*at»M: MaJ. Altos a. Knap, a» Mar. ISM. ««Miit: Ktrr r»r Hawaii» 
Urririi» Car. 
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Anopheline Vectors West of the Andes 

On »lie west const of South America, llirt-v s|ipi-i*>s of Aim/i/ir/t» are im- 
portant.1*1* Anophefe* albiuMiin* occurs mostly below JUKI fret lint has bei'ii 
recorded from altitudes »s high us 5,000 feel. Tlie egg of this S|X-<-M~< is some- 
what resistant to drying «ml survives nt least in the moistpr mini, throughout 
the rainless season. Anopkrlr* /WI;I«/«/<»W//'/*'(I«/* is never found at sea level. 
Its ninjie extends from around •'UN) to something less than 10,000 feet. A>«>/>/tr- 
k* punrtiuwt-uln is found from sea level to A,IMII feet and is often associated 
with tlie culture of rice. As it prefers animals to man, it is res|toii*il>le for 
the transmission of human malaria only when relatively abundant. 

In Colombia, ,s" .1. ilnr/inf/i. A. nlhitimi*, A. jtuttrHunirn/n, A. /«»/<•#/«- 
punrtt/H'HHiM ami .1. M'ifttJ have lieen foiiml naturally infected. 

In lYru,.l. /t»ru4/op»wtif>fiini>i istlie principal rector,but A.fHurtninu-uhi 
probably also plays a part."17 Tlie latter s|iecies was known in Peru before 
1042 but is now common in the district of Lima and »|>pears to be increasing. 
Surveys published in VM4 re|iorte<l s|MiroKoites in tlie salivary glands of at 
least six s|tccimcns. 

Ity memis of precipitin tests, I i.c source of blood contained in the stomachs 
of captured female mosquitoes may be determined. In Pern, .1. puHctim<u-Mla. 
which is found only in tlie coastal region, is definitely a human feeder wherever 
it occurs. Tlie two race» of .1. /ww/»/<w»r///K ««<*, however, differ in this 
respect. The form which predominates on tlie eastern slope of the Amies is 
markedly androphilic, but tlie coastal variety is much less so."" 

In a certain malarious coastal village of Peru, tlie local form of A. /wWo- 
ptttwtipe**!* has been shown to prefer almost any common domestic animal 
to man, and the donkey above all others.1** 

Attopkeh* jmettdo/rnnctipenmi» is, however, the chief vector in Chimbotr, 
Peru.1" This industrial port, which row to importance in IttlsJ, ».is surveyed 
at that time. Of 473 children between the ages of ft ami lä, 0.1 |>errent showed 
parasites in their bland; 24.6 percent had enlarged spleens. AnoftktU* /ummlo- 
pmnctipenm* larvae were abundant in lagoons north and east of the town. 
Anofkde» ymmetimnemla was present but in such small numbers as to be con- 
sidered of no significance. 

"CUIB» K. U: law wHww 4r HMNW *► IM palm aV h Ctmtm aarla>a 4» Aaa-rira 4rl 
Burr mm cwtni    aVr. Kaaa »: Kl IM Jal? A an* IM». 

>llt,raMM, SU, m. 134. 
— rilkWa», C. K, aa4 VaMrmaw IMn4a. A.: El Ammfmrtrm mmmrHmtmmim ra H Pwa. 11*. 

a> la Mr. Oca. a> Salaatttaa. Uaw. 1*M. 
"» Cjafiaa»Itl. A.: Oaorr—I—I Milk- atrfrrraar aluacatari tlrtr4mmmmrlr» paraa'aaaarnaraa«« r 

dWT.Iaaaarir. mmwttimmrmm» mri  Pm.    Bl». *t aanmltat. •: 12» I si.  1MB. 
<■> Han». B. F... aaa Harart t. L. W. : Hotr ua the Hoat Prjfrn a. ■ ■ «T .1 mmwmrlrm awaNanrNfnui«, 
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Other Activities of Antimalaria Organizations 

The malaria survey us well ns the malaria control tennis in (»very area were 
at times hard pressed to keep abreast of seasonal demands. On other occasions, 
these technically trained units found themselves with leisure time. Several 
possibilities presented tlieinselves: (1) Wliere line troops were in tlie vicinity, 
to utilize malaria jwrsonnel in jri\ inir instruction on malaria discipline; and 
(:i)where facilities existed, to ex|Hind tlie training; of survey and control per- 
sonnel so as to include a knoivledjre of other ]>anisitic and tropical diseases, 
insect-borne and otherwise, together with the techniques of their prevention 
and control. The latter procedure was followed somewhat informally in cer- 
tain cases, on the initiative of the officer in charge, and with the approval of 
his immediate sU|ierior. The development of tlie modem preventive medicine 
company, with its broad interest and res|*nisibiliiy for survey, instruction, anil 
control, stemmed from such Iwjrinnings. 



CHAPTER V 

North Africa, Italy, and the Islands 
of the Mediterranean 

Justin M. Andrews, Sc. D. 

Mainri» readied its highest level in llie North African theater in I'MZ. 
According to data obtained from tabulations of iii<livi<liinl medical records 
there were (excluding; readmitted cases) "ill cases of malaria in ÜUJ: il2.811 
in 1M.1: •jn.tw;» in 1»44: and \Hu> in HU.Y Tlie total malaria attack rates 
(excluding readmitted cases) |a>r »miiiiii per Ijroo average strength were ill.Hit 
in IMS; 7I.K4 in 104»: 96.11*2 in ISH4: and W2» in 1D4.'>. It is I relieved that the 
high rate in 104:1 was due to |MM>T malaria discipline. im|rerfect Atalrrine (quin- 
acrinehydrochloride.) supply, and inadequate malaria organixaliou. liy 1145, 
when these defects had Ireeii corrected, the rates had lessened considerably.' 

The most important vector of malaria was Anophrlen hihtiinckiat 
h&rinwhine. Principal gametocvte reservoir» were rural Aral» |Mi|mlations 
and Italian prisoner» of war in North Africa, civilian refugees, Italian prison- 
ers of war, impressed Yugoslav lalrorers, and Italian cobelligerciit troops in 
the remainder of the tltMter. 

The special antimalaria organization as it linally develo-red was strongly 
centralised. The Malariologist, North African theater, commanded a detach- 
ment of malarologist oScera. These were attached to major commands in 
which they (rave technical direction to malaria survey and control detachments. 
An airplane dusting and spraying-flight detachment was responsible opera- 
tionally to the theater malartologist. 

In Africa and Sicily, main reliance was placed on the physical improve- 
ment of streams, oil larvieiding, and spray killing with pyrethrum. In 
Sardinia, Conic«, and Italy, these measure« were supplemented and finally 
overshadowed by the aerial application of parts preen and DPT as larricides 
and of DDT as a residual building spray. Insert-proofing of buildings was 
practiced as screening supplies permitted. Personal protective measures were 
directed throughout the theater and their urn stimulated by special training 
and subsequent reminders. In 1043, all troops were ordered to take Atabrine 
in suppressive doses.   That policy was lilreraliaed in 1944 by exempting troops 

1 Kurt« ■• athnwtee laJttali a. Ik» data pwwlwl la Ikfei chaet<* «r» tauwd m Iks Mtanrlag 
tare* —I»: < I» Aaaaal Bratt. MraVal »rrtt—. Xartte Afrtraa TSratrr of iramrtaa«. r». Arai?. 
1SU. IS) Aaaaal B*p*r«. Sans—. IMIMIWM Thritrr «r iiemriM». I'.S. Army. I*M. rut». 
1 aaS S. <S) Fural Brpart W Ihr PrrTtatrrr MrSlrtar nmrrr. Miaiimim Tatatrt W Oanatt—». 
U.S. Jam. 1MB. 
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in areas where, the malaria hazard uns no|flifril>It». I'oiiiij; 1!M.">, siippressive 
Atabriue therapy was directed only for troops in ureas where malaria was an 
uncontrolled danger. 

MILITARY DEVELOPMENT 

On 14 August VM-2, Ll. (Jen. (later < Jener» 1 of tin« Army) Dwight 1>. 
Eisenhower was directed by the Combined Chiefs of Staff of the Allied Nations 
to accomplish the control of North Africa from the Atlantic to the lied Sea and 
thus to secure positions from which direct attacks could lie laiiiiched against 
the soul hem Hank of the Kiiro|ietin Fortress. 

Allied Force Headquarter* 

The tactical planning for the intitinl o|ieratioii was Itegun in London by 
British and U.S. staff strategists, the hitter detailed from the Planning Sect ion. 
Headquarters, ETOUSA (European Tlieater of ()|M>nitions, U.S. Army). 
<>n 12 Se|itemlier 1JM2, this group was officially designated AFIIQ (Allied 
Force Head<|uarters) and was expanded suitably to function thereafter as a 
general headquarters. It consist«! of general and s|iecial staff sections, each 
of which included British and l.S. |iersomiel and was intended primarily for 
policy making, planning, and coordination. 

North African Theater of Operations, U.S. Army 

The British, however, developed their component of AFIIQ as an operat- 
ing as well as a coordinating agency and, with the prompt capitulation of the 
North African countries ami the establishment and expansion of base section 
organizations, it became apparent that Americans also would have to provide 
for the centralised administrative and operational supervision of troops. For 
that purpose, another headquarters known as NATOUSA (North African 
Theater of Operations, UÄ Army) (map 11) was activated on 4 February 
1943. Both AFIIQ (American Section) ami NATOUSA headquarters oper- 
ated with the same personnel, though the latter organisation required many 
additional members. They were located initially at Algiers, but during the 
summer of 1044 they moved to Caserta, Italy. 

Service» of Supply and Communication* Zone, NATOUSA 

On 1ft Feoruary 1943, all supply operations were delegated by NATOUSA 
to a service of supply echelon with headquarters in Oran. A year later, 
24 February 1044, the functions of SOS (Services of Supply), NATOUSA, 
were expended to include tliose of a communications zone organization, and 
NATOUSA became, from the standpoint of Medical Department function, a 
planning and consultative agency. Services of Supply, NATOUSA, moved 
to Caserta during the summer of 1944 and was redesignated COMZONE (Com- 
munications Zone), on 1 October 1944. 
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Mediterranean Theater of Operations, U.S. Army 

Concurrent with the alisorption of southern France into KTOI'SA on 1 
November 1044, the designation of the North African thenter was clitinged to 
MTOITSA (Mediterranean Theater of O|ierations. U.S. Army). COMZOXE, 
MTOrSA, was inactivated LH) Novellier 1044. and MTOl'SA thereafter 
assumed responsibility for all o|ienit ional as well as planning functions. 

Operations 

Tlie invasion and occupation of Morocco and Algeria, l>oth malarious 
countries, involved American and British forces. <)|)eratioiis began on 8 
November 1042:3 days later they lutd l>een terminated successfully. 

The campaign to the east started at once und again American ami British 
troops participated. The struggle for Tunisia was fought over intensely 
malarious terrain and wus not concluded until Id May 104:). 

Sicily, second only to Sardinia in malaria morbidity according to Italian 
malariologists. was secure«! by tlie Seventh I'.S. Army and tlie British Eighth 
Army. It was a short but bitter contest lasting :]H days, from 10 July to 17 
August 1043. 

Canadian and British forces started pouring across the Strait of Messina 
into Italy on 3 Septemlier, and, on 0 Se|>temher, tlie Fifth I'.S. Army landed 
on the Salerno-Paestum beaches. This was the first of a series of operations 
destined to lead U.S. soldiers through many highly malarious sections of Italy. 

On 8 September. Italy surrendered to the Allied Forces and, within the 
following month, Sardinia, always the blackest spot on the Italian malaria 
maps,1 was liberated by Italian divisions. Corsica was taken at about the 
same time by Free French troops assisted by American Bangers. Both of 
tliese islands were developed intensively as buses from which Army Air Force 
ami Royal Air Force airpower was beamed into Nazi-held northern Italy ami 
southern France. 

Fifth CS. Army troops drove steadily northward up the west coast of 
Italy. Naples was occupied 1 October and the Volturno River was crossed 
during the month. The northern advance slowed down with the coming of 
winter. A firm but tight beachhead was established at Anaio-Nettuno on 22 
January 1944. German defenses forced a stalemate until 11 May when a com- 
bined offensive launched by the Fifth ILS. Army ami the British Eighth Army 
broke *!.e deadlock. 

The Fifth I7.S. Army pushed on through tlie flooded plains of Fondi ami 
Pontinia, historically famed for their malaria hyperendemicity, ami, on 25 
May, made contact with VI Corps troops from the northern beachhead. On 
4 June, Rome was occupied. During the ensuing month, IT.S. ami British 
forces continued to drive the enemy north want to a point beyond Leghorn. 
By tlie end of the year, the two armies had engaged some 38 German divisions 

< War Dcpartamil Teebaleal MlrMa <TB USD) 17K. Jaljr IMS. 
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in defense of a line extending «cross tlie Italian peninsuhi, roughly from La 
Spezia to Ravenna. 

On 15 August, the Seventh U.S. Anny, composed of U.S. divisions and 
attached French troops, invaded soul hern France successfully. The area occu- 
pied and exploited by U.S. troops was noiimnlnrious. 

Allied Forces in Italy massed below the Gothic Line until the spring of 
1945. On 14 April, their Hnal offensive was launched which took them across 
the malarious Po River flood plains and into the industrialized areas of north- 
ern Italy. On 2 May, this operation was concluded. Contact was made with 
partisan troops front Yugoslavia, and on 7 May Nazi Germany surrendered 
unconditionally. 

Base Sections 

Numerous base sections, area commands, or equivalent organizations were 
developed for the sup|»rt of the armies. They were occupied for varying 
periods of time. Tlw more important ones were located at Casablanca, 
Morocco; Oran, Algiers, and Constantine. Algeria; Bizerte, Tunisia; Palermo, 
Sicily: Naples, Leghorn, and Bari, Italy; Cagliari, Sardinia: Ajaccio, 
Corsica; and Marseille, France (map 12). 

Air Force Installations 

Medium bomber facilities were developed mainly on tlte satellite airfields 
around Foggia. Light bombers also operated from that side of Italy and 
from the southwestern coast and from Sardinia and Corsica. Fighter fields 
were more transient and widespread. They were established throughout the 
occupied section« of the theater, moving forward as fast as security precautions 
permitted, though a few units were left in the rear areas to carry on shore 
patrol, air-sea rescue, and counteraerial combat duties. 

AREA CHARACTERISTICS 

Geography 

The limits of NATOITSA were defined to include the Iberian Peninsula, 
•oathern France, Italy, Switzerland, Austria, the Balkans, Turkey, the areas 
of French, Spanish, and Portugese influence in West and North Africa, and 
the intervening islands of the Mediterranean (map 11). The actual military 
operations occurred mainly in the coastal areas of Morocco, Algeria, Tunisia, 
Sicily, Sardinia, Corsica, Italy, and southern France. All points in the theater 
were within 900 air miles of Algeria. The entire area lies 30 degrees or more 
north of the Equator and is, therefore, within the Temperate Zone and has 
definite winter and rammer seasons. 
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Climate 

Temperatures suitable for the transmission of cinu- malaria (daily aver- 
age of W>° F., or higher) «vnr from late April to Novcinlier in North Africa, 
Sicily, ami Sardinia. 

In Italy and Corsica, the reason is shorter, commencing in May or June 
and ending; in October. The presence of scniihilicrn.it iujr anoplielines in occu- 
pied houses and animal shelters throughout the winter months suggests the 
possibility that infections may la> transmitted as late as December or early 
January. 

Teni|ieratures high enough for the development of f>i/ri/»irnm malaria 
(daily averages of 7*1° F., or higher) ordinarily start in .lime in Morocco and 
Algeria and in May or June in Tunisia, Sicily, and probably Sardinia. This 
period terminates in Septemlier in Morocco, Algeria, and Sicily but not. until 
Ortoher in Tunisia. In Italy, north of Koine, average daily tem|ieratures of 
this magnitude are not frequent enough to jicrmit tlie development of falei- 
parum |iarasites in mosquitoes, and /<»/' .'/«'/•««» malnria in man is correspond- 
ingly rare. 

Average yearly rainfalls vary from 1*> to 'Ml inches throughout coastal 
North Africa, Sicily, ami Sardinia. In Italy and ( 'orsica, t liev may la- slightly 
higher. The midsumiiM»r months—June, July, and August—are dry or nearly 
so, particularly in North Africa. Moat of tlie rain falls from October through 
March. 

Surface 

Tlie clay soil mi tlie hillsides of North Afrk-.< is notalile for its lack of 
ability to absorb water. Vegetation is scarce, evidence of erosion abundant. 
Water runoff is, tlierefore, sudden ami of great volume. Rivers ami streams 
are »wollen, torrential, ami fast moving in tlie spring. By July, they are 
mere trickles connecting occasional shallow pools or are dried up entirely. In 
Sicily. Sardinia. ('orsii-a. ami Italy, there is a larger |»roport itHi of |>erennially 
flowing streams, as the water-holding capacity of the earth is somewhat greater. 
Many of the Mountains are higher, their slope* au|»|M>rt naire prolific plant life, 
and snow remains on them for longer intervals. Seepage ami runoff into 
ravines and at reams continue over more extended periods of time than in 
North Africa. 

Native Reservoirs of Infection 

Ordinarily, some !M> percent of the inhabitants of tlie North African 
countries are Aral». With the declaration of war. however. Knropeans flocked 
to Africa to evade the ravages of the conflict. In some instances, tlie popula- 
tions of the larger cities doubled in siae. Tin* normal Kuropeaii coni|ionent 
is predominantly French, but Italians ami Spanianls have come into North 
Africa in such numbers that Italian or Spanish is heard in certain places as 
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frequently as French.   These immigrants and refugees contrilmtcd little. how- 
ever, to the malaria |tot cm ial it ics of the region. 

The iiulijrenous Arabs of the coastal ureas are predominantly plain dwell- 
ers, living in close association with agricultural pursuits. Thus, malarious 
natives—the reservoir of infection for mosquitoes- were most abundant in 
rural sections along the const ami on the fertile river 0«>o«! plains extending 
I «el ween the rundes of the Atlas Mountains. Basic ilissimilarities in languages, 
religion, |«ersonal hyjiiene. anil other customs inqMtse strong l«arriers against 
intermingling with foreigners. Kven anion^ themselves, the A raits are very 
clannish ami. exce|tt in cities, had little tendency to associate closely with 
I'.S tramps.'1 This trilml isolation protected I'.S. troops »gainst transmission 
«if vermin ami diseases ordinarily acquired hy iliivct contact hut had no effect 
in preventing; malaria, as it was virtually impossihlp to avoid siting t'am|ts 
and hivuiiac areas within mosquito flight range of Anil» villages. 

While there was some evidence of Arabic |«articj|Mitiou in the racial stock 
of Sardinia. Sicily, and, to a less extent, southeast Italy, its influence was neve;- 
sufficient to hinder fraternization with Allied |tersoimel. The two islands were 
as much a part of tlie Fascist State as tlie |>eninsula itself and. like it, were 
peopled predominantly Ity its nationals. In spite of their previous |>olitieal 
affiliations, I lie Italians as a group and as individuals manifeste«) strong amity 
for tlie Americans and appeared to enjoy tlieir company. 

The Immhing ami shelling of cities had resulted in widespread destrw-t ion 
of homes« and dislocation of the Italian imputation. The terrilied inhaliilaiils 

moved into umlerground shelters or «Hit into the country wliere they lived in 
eaves, Itarns, puhlic buildings, under hri«lges, or wherever they couhl lind pro- 
tect ion from the weather and homlmrdmenl. Many of tliem had left their 
1 tomes precipitately and were, therefore, destitute, hungry, ami lacking in 
sufficient clothing. They had no medical service ami were as accessible lit 

mosquitoes as the beasts of tlie field. In lime, they constituted a huge reser- 
voir of ranietocyte earners. In their desperate efforts to obtain tlie necessitmt 
of life, they tended to come into dose aawM-iatiuu with Allied troop* ami thus 
facilitated the transmission of malaria. In addition to refugees, the areas 
were jammed with thousands of demobilised Italian soldiers. Many of these 
had i-en service in the Balkans, North Africa, Ethiopia, Italian Kas* Africa, 
arid Sardinia, where they had experienced malaria from which tliey rela|ised 
repeatedly. A large ptvqtortion of these ex-soldiers ami of other young male 
civilians were formed into Italian lalior units which lived ami worked in close 
troxiniity to I.S. ami British bivouac areas. Tliey required extensive and 

continued treatment for malaria ami must have i-ontriliuted largely to local 
mosquito infection (map 13). 

»1*1 !■■■■! ''-r»:Hmi «- ilw aathar waa MvvrvbMt aularta roatiwl artl>ltt*a *• a IbtjalrrwM» 
baa»» la Sjcta .«frfca, Sanijr, Hal-/. Sarateta. aaS Canln, tram M.j 1M1 I« Jaaaarjr IM». 
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Mst ML- -IXatrUMNkm M atalarla la Itmljr. Wrtljr, «ad H«rdlmU, MM, aad la Conka. 1MB. 

In Sardinia, the potentialities of the highly infected civilian population 
were enhanced by the presence of some 300,000 Italian troops and Yugoslav 
laborm impressed by the Axis. They had been there for two malaria seasons. 
Their military organisation had disintegrated completely, and they wen scat- 
tered all over the island, living from hand to mouth as beet »M they could. 



258 roMMi-.xn'Aiii.K IUSKASKS 

They suffered severely from malaria, it ml numerous tlenllis were asi-rilied lo 
this «lisens«'. Many were employ«*«! as giumls and IIIIM>IVI> by I'.S. military 
organizations ami thus increased the likelihood of local nnoplieliiie infection:1 

Tlie Corsicans are of French and Italian ancestry. They are extremely 
imle|ieiiileiit |ieo|>le and «lid not associate with I'.S. and Itritish soldiers as 
extensively as did the natives of Italy. Sicily, and Sardinia. Historically, the 
island is reputed to he highly malariou- map I-"»). It is the custom of coastal 
plain fanners to move their families I nun the lowlands up into the hillside 
and mountain villages to esca|»c the heal and fever of the summer months. 
This suggests that a consiilemhle mimlicr of ganietocyte carriers exist nor- 
mally among the native ('»rsiciins. To this must he added the infection 
|Mrt>ntialities of the 5,tMH> Yugoslav laborers ini|ioite<l from Sardinia. Most 
of them arrive«! at the height of the rela|ise season, and many were taken 
directly from the ship to the hospital with malaria attacks. They were ordi- 
narily «piartered in small «'amps adjacent to Allied establishments. 

Ifecatise «if the |Miu«ity of malaria survey «Machments in XATOI'SA and 
the necessity «if using them as malaria control units, no wi«lesprea«l systematic 
effort, was made t«i determine spleen ami parasite rates in native populations 
adjacent to I'.S. troop installations. (>ccasi«a»al s|Mit. surveys sup|Mirtcd the 
ever-present clinical evidence of malaria morbidity with which gametocytes 
and conse«|Meiit local mosipiilo infect i«m must have lieen associate«!. 

Vectors 

The most important vector of malaria in the North African and Mediter- 
ranean theaters was Anapkrh* hihrmu-hkie. labmncKiae Fallemni 1026 (fig. 
29). In North Africa ami Sicily, the map of its distribution was virtually 
that of tlie river systems in the plains. It was found generally in permanent 
»unlit, vegetated, clear waters. Pools, backwaters, along the indented edges 
of streams ami rivers, collet-ting basins, poorly maintained irrigation ditches, 
canals, seepages (especially from leaky irrigation systems over grassy areas), 
well» and cisterns, foxholes, founts, and fresh-water lagoons with peripheral 
marshes, all supported larval growth of this species, During the early part 
of the season, this species was found predominantly in the flooded areas ad- 
jacent to permanent bodies of water. As these flooded «teas contracted dur- 
ing the summer, the larvae were found mainly in pools, edges of rivers, streams, 
and seepages. As the process of natural drying went still further, A.f. lahntn- 
ehian invaded the neglected irrigation systems ami wells. It is a versatile, 
adaptable species tenaciously maintaining itself in fresh ami hrarkish water, 
being limited princiiMlly by low temiierat »res, shade, pollution, turliidity, high 
mit content, ami brisk flow. 

• Him «r «he nml prwrtk» »I ulitilalii awar M Nvw .«torint hritiMHla «+■» to I'.S. 
twill, oav harried BulartotoctM rW*n*d to lira ■■ "car ■«•■•"- MO| «f «•■»*—\rt» rarrW» " 

•War Draartamt Ttrhateal BiOJrtl« ITS MKD) IS». DmaWt l.'»4. 
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rmim ai- Adalt fnutr erf AmopiUrt mmrmli^mmU IMcrm. T»l« BMMuaito te Met- 
Ucal la appearaar» with .4a»a*W>'* tearaaraiae fakranraiar Fallrrnal, priaripal rrrti* of 
■wnrla is the anrth Africa» aad Medllmaaraa ama. <Proai J. Hjrg, Load. 1: 4SI, 
MM.) 
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iJL 

t'Hii ■>: 3D.—KiM-tiijwUiiH.llxh.il |I«IU|HIMC station urnr IJi-ola, u»rthwr»t << N«|HVK. 

In Italy and Sardinia, the larvne grew abundantly not only in rivers and 
streams but also in water held by iinmaintained canals, ditclies, tank traps "'it 
trenches, foxholes, shell and laanb craters, sultt err» nenn shelter's (run emplace- 
ments, anil the extensive flooded areas purposely inundated by tlie (rernmns 
(figs. 30 ami 31). This type of destruction resulted in flooding enormous areas 
of farmland, as shown in figure 31. Many of these areas became mosquito 
producing. The natural drainageways in Italy, Sardinia, and Corsica were 
obstructed by the residues of demolished bridges and hastily built bypasses 
and ford». These interferences with natural flow created many additional 
breeding places for A. 1. Ubranekiat. On the northeast coastal plain of Cor- 
sica, several Iarg" hikes with marginal swam|M a<kled to the lireeding acreage. 

The adults of this species hit« both man ami domestic animals and rest 
in houses and animal shelters. During the winter, they could be found in 
small numbers in houses in Morocco. In Italy ami Sardinia, they were en- 
countered frequently in houses (especially unoccupied upper rooms) ami in 
concrete pillboxes and strongpoints. They were diffcult to find in the winter 
months in Algeria and Tunisia. In the summer, they were excessively numer- 
ous in occupied houses, stables, pigsties, and poultry shelters, especially in 
untreated areas of Italy, Sardinia, and Morocco. On certain occasions, their 
densities were so great that estimates of their numbers would I« as high as 
1,000 or more per square yard of wall surface. 

The only other anopheline species presumed to be of vectoral importance 
were Anopkele* mtckatwi («farm) Favre 1003, and AnopAele* myrryirtus 
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Plum: 31. -I'IIMMIWI arm neHr Umlu, »Itowing high water murk im the ulile 
of the f»rmhiin»e. 

ürassi 1S1H). .1. tacharori is a coastal form which tolerates somewhat hijjlier 
suit concentrations than tkies .1. 1, hihmnrhiw. It was found in tlte vicinity 
of Naples and on Conic« Imt never in any abundance. .1. *W/*T/>*C/'M, a 
species which breeds in highly aerated running streams in tlie mountains and 
foothill«, wag of negligible importance from a numerical standpoint. 

MALARIA EXPERIENCE 

The total monthly diagnosed malaria rates (provisional) per 1,000 per 
annum for the theater from 1042 through lW'i are slmwn in table 30. This 
portrays well defined but distinctly different trends in a series of three excep- 
tionally interesting annual malaria experiences. 

Experience in 1^42 

Malaria acquired during the last 2 months of the year was min 
most of this came from coastal Morocco north of Casablanca. 

, and 

Experience in 1943 

The situation in 1943 was one of a susceptible and inadequately prepared 
military population exposed to hyperendemic malaria. A suppressire treat- 
ment schedule of 0Ü gm. of Ataltrine, on 2 noncon.-wciitive «lays |ier week, was 
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TAKLE 30.-   luridrntr nf malaria, by nnmlh», in Ihr I'.S. Army in Ihr Mnliln ranian (formerly 
Xurlh .\Jriran) Ihtalrr, V»!,i V> ' 

[I'n-lifiiinury »liitu tui**! im Humple talHilatUm* I>( ln.hvMual natural rt-ntrls an<l siiiiiuiurH's of atatistiml ht-ulth rr|Kirts| 
IHuif'vximi'M^luiinumN'ruf tiiw^ |n>r annum I»T UuiuVHruat-NlniwIhl 

1W2> ltM.1                                    \'»l l'M.1 

Month 
N'nmlwr       Hati> Nunilvr Mat.- SIIIIIUT Kttti' NunitM-r        Hat.' 
of rw* »I iiws «f lu"»'!* of ru*'» 

January               ..          517 24.05       1,3112 211.11 750     I». 25 
Krhriltirv        214 10.28       2,214 4»L lil (KMi     15. 08 
March'.-      ...                            . 00 2.24       4.108 72.11 '.»88    211UO 
April   .    ...                 . 8« 2. Ml       4.222 80.24 1,077     28. 23 
May        18« 4.85       3,022 5«. «7 1,13«    31.20 
JIIIH-    1,847 47.82       4. IK» I HO. 75 1,002     23.81 

July               ... 4, M» 112.00       4,341 81.2« 030     23. U7 
August        ...   . 8.51« 101.50       4,*»7 »a 78 302     15.32 
Ht-pti-mU-r       «.047 120.78      4,870 7:188 111       7.00 
OrloixT.   .  0,235 122.03       3. 270 HO. OH 32 I    ZOO 
Xovimlxr            H7    8. 58 • 2,550 53.24      2,030 38.04 21       2.41 
DwH-mlxr           HIM   43. »2 ' 1,753 34.85       1,235 25. 48 I 4;      .88 

Total          731   31.80 32,811 71.84 40, «82 01.07 6,800    20.52 

' Tar INVfl data irianrat tnrktrarr: it raiMi of arw ram »lailiianl for awlaria awl run ia which anhrla 
irTwnl ■> ■ malu) .iltmodi. TW ttM-U ilat» «IT lalrran adoUlnakrhaltarki.vMrhlitaaiprtofdWrMH 
midaviinl a* aailarli at wrS a* arw urlKarr aa.1 arroadarr ,wm. 

1 Na traoua art* lararal ia lar Ikralrr hrfarr Narrnhrr latO. 

ordered on « theaterwRle lawis effective ss of H April."   Tins order was not 
enforced for the following reason»:: 

1. The widespread prevalence of acute intestinal manifestations following 
the third dose. 

2. Misinformation regarding its effects. 
•\. A lack of coniprelmwion a» to its value. 

Bam sections in Mom-co ami Algeria achie\aetl some measure of environmental 
protection against the disease, but combat troops were sorely beset by malaria. 

By the time the Sicilian campaign started, hospiul admissions fur malaria 
in Tunisia were on the increase. For this reason, many troops scheduled to 
participate in the campaign failed to embark. Others reached Sicily, but some 
700 to 800 of them came down with the disease within incuhation periods to» 
short to have been due to infection contracted on the island. During the 
Sicilian campaign, 0 July to 10 September 104.*!. hmpital admissions for 
malaria (il.4Mrf) exceeded liattle casualties (17.37.1).* The new cases could be 
attributed largely to the failure to call for more than one of the three malaria 

•Ctraaiar Na. IS. Hraaajaartrra. JUTOtSA. M Mar. I»«». 
• Laa«. Pvtrla H.: A Hfcrtarlral ftanrrr «r tar Artlrtttr« af IW Mha at PrtTratrn Madatta«. 

Oatm M ta* Saraaaa. MTOCSA. 2 laa. 1*43 la IS An«. IMS.    (OaVtal rrraraM 
• Braart. Malaria la ta» Nnan Caaayabja • laijr ta IP »rat. mj. Otter at tar Bancaa, Am«, 

» Ort ISM. 
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survey und control units wliit'h had lieen earmarked and readied for the in- 
vasion. This one unit arrived on D+4, but the troo|>s udvaiu-ed so rapidly 
that no uutimalarin o|terutions could he organized en route. Kven after tliey 
were established in Palermo, there was more work than one unit could handle 
effectively. As a result, (lie troops were denied adequate environmental pro- 
tection against anophelines. 

I'oor malaria discipline in Urth North Africa mid Sicily also accounted 
for much of the morbidity. The remainder was caused primarily by failures 
in Atabrine supply. These occurred on hoard ship (lack of coordination be- 
tween Army ami Navy), at rations* breakdown |M>ints (where Atabrine was to 
be it-sued with the rations), and among forward combat elements for tactical 
reasons. This last is always inevitable to some degree. Thus, tlie malaria 
debacle in Sicily was tlie result of inefficient malaria control supply, poor 
malaria discipline, and a quantitatively inadequate special anlinialariu or- 
ganization. The nialariousnesH of Sicily was well known and control and 
survey units had been prepared to accompany tlie invading forces, but the 
Seventh U.S. Army Command would not permit tliese units to proceed to Sicily 
in time to render effective aid during tlie invasion. 

The malaria rate readied a maximum in August IMS of 102 en vs per 
1,000 per annum which represented about K,T>00 cases: this coincided more or 
less with the end of the Sicilian canqiaign on 17 August. This overall theater 
rate fails to reflect faithfully tlie extent of tlie malaria morbidity experienced 
by elements of the Seventh VJä. Army during the campaign. As slmwn in 
table 31, weekly rates of diagnosed malaria among II Corps troops are reported 
to have ristn to over 1,700 per 1,000 per year.   Corresponding rates of "fever 

TABLE 31.—A4mn** M ratet, bw wrrtt, kttpiial tm4 fwarlrr«, far mmltrim mini FVO (frrrr tf 
un4tlrrmime4 tritt») in Ar Smnlk U.S. Armg, hi mmjmr commmmJ, during Ihr 

Sieilimn tmmpmfn, I* J<df-*0 Auf/uM l»i-1 > 

I« otor af Man prr 
uMrtim w iwtHrMml medtaal mart»] 

i pw MtiTiim itnactkl 

Wok« 

cTc 

rvo 

*» ylmai, 
Aiaiir 

rro 

VM. 

rvo 

I 
UM;          24 
»July  .       SO 
MJ«I)   .    I 47 
• Augwl... j 54 
13A<«jwt   185 
20 August   40 

Total I 63 

M S3 
•1 411 
2*4 103 
453 723 
397 1,734 
202 1.000 

at 
220 
724 
804 

1,003 
434 

234  727  582  382 

W 
53 

202 
428 
514 

«2 
W 

410 
570 

30 
92 
100 
250 
485 
338 

37 
108 
337 
55« 
483 
332 

401  232 322 

i U.a. Aimy, tijm. an* manlHili I 
MfcB»<rl;tWlllUM,aV»«»,Cw>illllH.llC« 

Hawtf» U.B. hrmy, MMav. 
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of uii<lctcritiincd origin." :i collective diagnostic term wliii-li included inde- 
terminate |)i'(i|Hiiiioiis of nisi Iti I'in, -11 in Illy fever, ami oilier unrecognized pyro- 
genic disorders, weit- us high as, or li iglicr I IIUM, tlie malaria rates. 

liecattse of the rapid increase in I lie number of eases, the Seventh l\S. 
Army adopted a suppressive treatment schedule of 0.1 gin. of Alabrine 7 days 
a week starting on 14 August 1943." This increased dosage was well adminis- 
tered and tolerated. It was continued for about ."> weeks and probably ac- 
counted for the drop in the rate in SeptemU>r to l-5»> |KT 1,000 |ier anniiiii. 
The relatively high rate in October was the result of the Salerno landings made 
by the Fifth U.S. Army on 9 September: discipline in taking suppressive 
Atnhrine became lax in the heat of buttle mid at a time when mosquito trans- 
mission was still occurring. 

With the coming of cold weather, the rates dropped olf rapidly. As will 
be pointed out in the following paragraphs, many more infectious not. mani- 
fested in 1943 undoubtedly were contracted during the fall months of tluu year 
but were suppressed by Atabrine and remained dormant during the winter 
months. By the end of the year, 3:2,811 new cases were recorded, an annual 
rate of about 1'i per 1,000. The number of recurrent cases is not. known, but it 
is surmised that the new cases constituted 90 percent or more of tlie total 
malaria attacks. Since tlie primary cases reported during tlie winter ami 
spring months of 1044 were practically all contracted during the previous 
season, tlie rate of transmission in 1943 must have been much higlter than tlie 
hospital admission rates indicated. About 19 percent of the year's infection 
were ftitrlpamm malaria, 48 percent were riraz malaria, 1 |iercent were quartan, 
less than 1 percent were the mixed type, and 32 percent were undetermined as 
to type. 

Experience in 1944 

Troops were well established oi. the Italian mainland by 1944. Suppressive 
Atabrine, 0.6 or 0.7 gin. per week, was ordered as of 1 May on a theaterwide 
basis except in areas which were nonmalarious or where malaria was considered 
by the area surgeons to be under control.1* The breakthrough at Anxio on 
Sfi May permitted troops to push north through the flooded Pontine marshes. 
The advance continued across highly malarious coastal lowlands, pawing 
through Civitavecchia, Tarquinia, Orbetello, Grosseto, and Piombino. DDT 
was sprayed in forward areas, sometimes in advance of artillery units. With 
the advent of winter, troops were operating in the mountains north of Pisa and 
Florence and were out of malarious country. Throughout this period, addi- 
tional FA forces (largely Air Corps) were occupying the insalubrious islands 
of Sardinia and Corsica. 

Table 30 shows a sharp rise in spring cases with a rate of 80 per 1.00t) per 
annum in April 1944.   While many of these cases were relapses of infections 
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contracted tla» previous year, a hirjr»' [>i'o|>ortinn (approximately 40 IM'ITI-UI) 
gave histories of no previous malaria. A few <>f these may have heen con- 
tracted during the spring nioiitlis, hut the majority of these primary »Ilarks 
undoubtedly represented lute l!)4:i infeetioiis either suppressed liy Atnhrine or 
showing extraordinarily long inriilnitiou ptii<xls typical of cerliiiu strains of 
rh'tir niiilnriii. The proof of tliis assertion rests on tln> observation that little 
or no spring iinilin -in mi-urml in divisions entering I he. tlieuter «luring the lute 
winter of l'.HlJ—14. Indeed, tlieir early i-iises were invariably in replacement or 
attueheil |iersonnel from other divisions which huil seen service in the VM'.i 
catnpiiigns. Thus, while 4n.tW,J represents the total nuinlier of cases recorded 
for the year, a rate of about Hi per 1,000 jicr minion, most, if not all, of the 
l.yMH cases orriirring before June are tit I rihutable to infections acquired during 
the 11)43 season. In all probnhilily. many of the relapses up|>caring after the 
beginning of June also should he referred back to 1!I4:>. Of the laboratory- 
diagnosed cases, about ."» percent were fa/eipatvm malaria, W |iercent were 
rivaje malaria, less than 1 percent were quartan, ami the balance was of un- 
determined types. Only in Sardinia was the species distribution sulistantially 
different: 21 percent fafri/mrum malaria, 72 percent vivtw malaria, anil the 
remainder undetermined. The farther north the troops went in Italy,the fewer 
full /(»tintu cases were reported; they were rare north of Home. 

Experience in 1945 

The 1045 season saw a marked reduction in the sixe of the Mediterranean 
tlieater. North Africa was split off and placed under the command of the 
UA Army Forces in the Middle East. Tlie islands of Sicily, Sardinia, and 
Corsica ceased to lie of «|>eratioiial importance, and tlieir military jiersoiiiiel 
were returned to the Italian mainland. For all intents and purjMises, malaria 
control operations were restricted to Italy in the vicinity of Naples and Koine, 
around tlie Army Air Force areas in the Foggia region, in the Anio Valley 
from Legliom to Florence, in the Ancona-Tiniini sector on the northeast coast, 
and in certain sections of the Po Hirer Valley. While tlie danger from malaria 
exposure was considerably less than during the previous two seasons, the fact 
that troops were generally scattered throughout, the malarious areas of Italy 
during 194.5 constituted a situation of potential seriousness. 

The Atabrine policy for this year called for supprcssive medication only 
in areas designated as malarious.1* With the exception of one instance in tlie 
Po River Valley where the Fifth UA Army specified a few dangerous areas, 
•oppressive treatment was limited to an occasional unit having an unduly high 
malaria rate or to individuals recovering from an attack. 

The start of 11*45 found Army troops ensconced in tlie A|iennines north 
of Florence, pre|>ariiig for tlie final offensive into tlie Po River Valley. After 
the highly satisfactory UH4 season, it was anticipated that tlie rise in cases 
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in the spring of 1JM5 would be less than in the preceding year. This prediction 
was fulfilled us the months passed. The |>eak ap|H-aml in May, «lien ti rule of 
31 jier 1,000 ]>cr iinuuin was recorded. Some apprchensi veness WHS felt concern- 
ing the i>ossible effects of the Po River offensive, especially if it slowed down, 
on mnluriu prevalence in the troojts. Fortunately, the campaign was a short 
one. The abrupt cessation of hostilities on 8 May 1!>4.'> permitted the Army 
to establish the hulk of its troops in the southern Alps, the remainder occupying 
isolated areas throughout tlie Po River Valley. Thus the rise in case munlier, 
which had been antici|mted in June, failed to materialise. On the contrary, 
there was a steady drop in the incidence which was quite phenomenal in the 
light of existing conditions. 

With the capitulation of tlie German armies in Kurope, redeployment of 
U.S. troops to the United States and to the Pacific theaters was initiated 
promptly. However, while this movement was going on, approximately one- 
half the theater strength—Air Force and Service troops—was established in 
malarious areas. As the Army divisions were redeployed, they were required 
to occupy some of the more dangerous areas while staging. It is believed that 
the intensive work accomplished by tlie War Department malaria control units, 
in addition to tlie widespread use of DDT as a residual house spray, played a 
significant role in keeping malaria casualties to a minimum. During the 1945 
malaria season, there was a total of 6,H00 cases reported in the theater, a rate 
of 20.5 ]>er l,ot*i per annum. Again, as in 1944, the type of malaria was pre- 
dominantly vinut as shown by the following species distribution for the year: 
2 percent falripamm malaria, 97 percent virax malaria, quartan rare, and tlie 
remainder type unspecified. 

Primary Malaria Rales 

As reported previously, malaria control officers believe that the best ap- 
praisal of their efforts and fortune are the trends of new or primary malaria 
rates. Field malariologist« gathered this information more or less independ- 
ently in NATOUSA during 194S and more systematically in MTOUS A during 
1944 and 1945. On the bans of personal interviews with patients or from forms 
filled in by medical oScers on the waids, they determined from each patient his 
unit assignment and history of previous malaria. On 1 July 1944, the Medical 
Section, COMZONE, NATOU8A, required its hospitals and separate dis- 
pensaries to use a supplemental communicable disease report in addition to the 
weekly statistical health report The new form indicated whether or not 
patii its were assigned to the command to which the hospital was responsible 
and whether or not the condition for which they were hospitalised (including 
malaria) was a primary or a subsequent episode. This relieved the base section 
malariologists of an onerous task and provided better and more extensive 
operational information for their use.   The Medical Section continued to re- 



MKIIITEKKAXKAX AHKA 267 

quire this repon from its base section hospitals and dis|>ciisiiries after COM- 
ZOXK had been inactivated. 

Table :t-J shows » comparison of primary and total malaria attack rales 
for the months where reasonably de|>endahle data were available. It was 
admittedly not |xissil>1e to ascertain the exact amounts of malaria transmitted 
each vear; nevertheless, certain calculations based on reasonable assumptions 
indie:-' . t least the relative degrees of transmission each year. Aivording to 
the tl ter malariologists. the primary nitw |>er 1,IM)0 for IM-> was probably 
somewhere in the sixties; for 1!>44, somewhere in the thirties; and for 11*45, it 
■was probably less than ten. 

Civilian Malaria Experience in Italy 

The relatively favorable military malaria experience in Italy poses the 
question whether the low Army rales were due to effective control efforts or to 
nothing more than the good fortune of being present when the malaria |>otential 
was reduced abnormally. The answer to such an inquiry would lie given by a 
determination of malaria prevalence in the civilian population at the time of 
Army occii|mtion. Data concerning malaria morbidity and mortality in the 
years from 103!» to 1045 in Italy are meager and imperfect, but, such as they are, 
they tend to indicate a violent U|>surge of epidemic, malaria among civilians, 
|mrt icularly in the war-torn areas. 

TABLE 32.    I'rimnry «arf Mol molnnn nUark ralr» ia MTIII'SA, km/iiM amrl quarlrr», ptr 
1,11110 prr ana MM by mumlh», t!>44 44 ' 

Month 

Januar)-.. 
February  
March. 
April 
May- 
June  
July... 
August. _ 
September. 
Oe«o»»r  
Novel, iber.. 
DeeemVr.. 

Total. 

mi 

Primary   '     Tntnl     '   t"rlm»iy 
attack     i    attack attack 
vatra rntrv      |      ratrs 

48 
M 
M 
M 
:» 
IV 
12 

2» 7 
47 « 
73 » 
m 15 
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7» 12 
81 13 
Ul 8 
74 
«1 1 
:« 
25 

«2 

1» 
IC 
21 
38 
31 
38 
34 
15 
8 
3 
2 
1 

21 
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licfore 1!I3'J, malaria WIIS on the downgrade in Italy.'■ At tin« turn of the 
century, annual ease rules of aliout 1,<MHI nml ileath rules of 40 to ."»0 )>er 
100,000 prevailed. Their steady descent thereafter was interrupted by World 
War I but reached «lltirne lows of 12« cases per KNMNN) in I'.Wi) anil 1.1 deaths 
l>»r lUti/MNi in l!MO. Tliis was due to the large-scale n<rricultural development 
of low, fertile coastal areas. Kxtensive land reclamution drainage (bonifica- 
tion) by gravity and pumping systems was practiced. This not only abolished 
large acreages of |totcntial anopheliue production but freshened the soil as a 
result of rainfall and drainage. Thus, it eliminated the dangerous carrier, 
.1. Hiwhurori—a brackish-water breeder—from numerous sections when« it had 
nourished previously. Furthermore, routining the water in these coastal low- 
lands to dniimigeways made it possible to apply paris green cheaply and 
effectively where this supplementary measure was indicated. 

During tlie early years of the war. from l'.Kl!) to MM:», malaria increased 
as shown by the annual malaria morbidity rates ]>er 100,000 iv|x>rted as follows: 

lim- Ulli 
item   _iai 
lttKl   1ST 
iftti ........ i . 
UM2        17« 

Actual rates were undoubtedly much higher »s the ini|>erfections of |iencetinie 
malaria case re|M>rtiiig «re always enhanced during wars. 

Official vital statistics for the country were not available after ISM'2; such 
figures as could lie gathered were fragmentary ami provisional. From them, it 
appears that tlie "lieel" area of .Italy sliowed little change in malariotisnese 
during the war years. This was tlie section of tlie country least disturbed by 
active warfare. On the otlter hand, tlie southwest coastal provinces and those 
in the nortlieast (Po River Valley) experienced reported increases of from 2 
to 80 times their prewar malaria case burden. From Terracina, Fondi, Gaeta, 
Cassino, and neighboring rural settlements came reports of hyperendnmie 
ami fatal malaria. Similar accounts came from tin» provinces ronstittt'ruf 
the Veneto area through which the final offensive of the war was pur .cd. 
These are tlie areas when the hand of Mars was laid most heavily, where 
flooding, slielling, bombing, and digging in multiplied natural opportunities 
for ano|4ieline production. Meteorologie influences also favored increased 
anophelisui. Unit this effect was not productive of such high malaria niorhidity 
rates in the Allied forces as occurred in the neighboring civilian population. 

In summary, the evidence indicates that (1) in tlie face of epidemic 
malaria prevalence among tlie Italians in 11U4 and 1SM5, the incidence of 
malaria in I'.S. tmo|>s remain«] relatively low: and (2) the degree of success 
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achieved in military malaria com ml was :■*-•-!iiti|>li-~li**il in s|iit<> nf ami mil 
because of mil mill fon-cs. 

ANTIMALARIA l'OUCY AND ORGANIZATION 

AR in nil theater.«, iiiitiiniilurin |M»li<-\- and organization evolved slowly. 
Until the late spring months in Uti'-l, the malaria control |>rogrum was in the 
stage, of planning, formulating, (ihluinin^ local iiuilnria iutelligi-nre, liaison 
with civilian health agencies, ati<| general development which nci-csstirily pre- 
cedes the physical orgnnizat ion plin>*\ 

Initial Stage 

A malaria advisory board «us established by the Director of Mi>«liciil 
Services, AFJIQ. under the chairi»*h*hi|> of Brig. K. It. lioland, the consult- 
ing physician (British)." All nationalities loc illy concerned in the problrm 
were represented in its membership whieli included Lt. Col. Perrin II. Long. 
MC, Consultant in Medicine, XATUl'SA, and, later, the Preventive Medicine 
Officer and Mnlnriologist, XATOl*-SA. This group inventoried ami assessed 
malaria control facilities existing in tlie theater, set the policy for theaterwide 
suppressive medication, suggested! tliat civilian health agencies be subsidiied 
to provide environmental malaria control far Allied troops around cani|>s and 
bivouac sites, considered the various malaria problems as they arose in the 
theater, and made recommendations regarding their solution. 

I Hiring tlie early «lays, Colon«! I<°ng acted in the capacity of preventive 
medicine officer and concerned hiniwlf actively in laying the basis for the future 
anlimnlaria activities. He lield conferences with British and French malaria 
control representatives and work«! out an arrangement with civilian health 
agencies whereby they were to a^Une responsibility for tlie bulk of environ- 
mental malaria sanitation in exf*niilitary areas. Plans were made for a 
theaterwide suppressive Atahrin» therapy program. Bequests for special anti- 
malaria personnel and supplies wrr» placed with the War De|wrtment. Com- 
bat units commenced troop training in malaria control discipline. Exploratory 
survey operations were launched' limited control activities—drainage and 
larrk-iding— were conducted in *ho«e areas where year-round anopheline 
production occur». These were <li»*cted by Medical Corps or Sanitary Corps 
officers under the supervision of I*** section medical inspector». By the end of 
May 1W3, four survey and four «ontrol units had arrived from the United 
State« and had been assigned to various base sections for duty. They im- 
mediately commenced malaria *nt*+y activities in and about Army install*! ions 
and acted hi advisory and inspectoral capacities with regard to antimalarta 
activities conducted by the various Artiiy "»'** within tlieir own ramp» ami 
tliosr carried on by civil organization* insofar as they affected Army |*>nonnel 
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On i» .lime 11)4:5, u theater iinihiriolo^isi »ml un assistant theater inaliiriolojri.it 
were designate«!. The organization to which they Monired. a iiiiiliiria control 
detnchinenl recently arrive«! from Lihcria, ultimately Iwcame the malaria con- 
trol headquarters unit for die theater. 

Policy Development and Expression 

The pattern of a«lministrative n>s|Miiisiliilitv in malaria control as it finally 
ilevelopeil was as follows: Malaria control |H>!«ey and general ailnii nisi rat ire 
proc«><liire in NATOI'SA (MTOI'SA) orij;inu,ed in the medical section of 
(lie ihealer headquarters, with the theater surgeon, the chief of preventive 
liiedkilie, and the theater niahiriologist. These wereexpressed in circulars and 
administrative memorandums puhlislicd from AFIIQ and XATOI'SA 
(MTOI'SA) headquarters. They s|teeilied or chirilicd such considerations 
as (1) relative res|KMisil>ilities of various commands in areas jointly occupied 
hy Allied troo|is," (2) dates for the heginuint: ami ending of malaria eontrol 
operations'* (3) personal preventive measures and suppressire medication, 
the Uisis for and method of issuing Alahrine and <|iiinine for suppressive pur- 
|M>ses to static and moving troo|>s, (4) the designation of malarious ami non- 
malarious areas, tlie tlieater malaria control organization, (A) command re- 
sponsihilities for malaria control. ((>) allotment of malaria control supplies to 
individuals and units, (7) enlisted men ant imalaria «Mails, (8) malaria control 
instructions, (it) proper use of |M>rsonal and environmental preventive meas- 
ures," t lie unrestricted use of ]>I )T,,: ami (10) application for airplane «lusting 
service." These directives or («ertinent parts of them were repuhlished by 
suhtheater commands. 

Supplies 

Estimates of tlieater requirements for malaria control supplies were made 
ami their distribution within the theater suggested in tlie Preventive Medicine 
Section of tlie Surgeon's Oflke. The» were sent to tlie engineer ami quarter - 
maater sections of the theater headquarters, where unfailing cooperation in 
effecting the recommendations was always evidenced. During each month of 
the active malaria control season, supplies on hand, in transit, and due into 
various major depot« were inventoried by the mabriologist and were reported 
to the theater «urgeon. By this means, a reasonably current picture of the 
status and the flow of supplies throughout the theater was maintained. 
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Theater Malariologist 

Tlie tlieater malariologist administered the s|iecial malaria control organ- 
ization,1" He was responsible to the Surgeon, XAT()l 'SA, through the Chief, 
Preventive Medicine Section, Office of the Surgeon, XATOCSA, mid main- 
tained close nperatiinial liaison with Col. Paul F. Russell. MC, Chief, Malaria 
Control Branch, Allied Control Commission, and llrig. (ieorge Macl)i»imhl, 
ItAMC, Uritish Consultant, Malariologist, AFIIQ. S|>ecial nutiniahirin unit 
Ml wit inn-uiid-status reports were submitted to the theater surgeon each month 
by tlie malariologist. On his recoiniuendnl ion, lualariologists and units were 
moved as needed from on« theater subdivision to another. Klfoils were made 
to distribute tlie antintalaria units' technical in format ion i>ertainiug to malaria 
and its control which arrived in tlie Medical Section, Headquarters, North 
Africau theater. 

Special Organization for Malaria Control 

The organization consisted of a provisional malaria control licadquarters 
unit. War Department malaria survey and control detachments, and a section 
of a ferrying squadron used to o|ierate dusting ami spraying airplane*. In 
addition, each company, battery, or similar unit maintained enlisted-man 
malaria details as directed by War Department Circular No. 22ft, dated 21 
September 104.1. 

It is impossible to assign accurately tlie proper amount of credit due to 
the "enlisted-men" or unit ant imalaria details for their malaria control achieve- 
ments because no systematic accounting of their efforts is available. The de- 
t nils «ere trained and in many instances were supervise«! by the special malaria 
control organization. They were mentioned frequently in the local malariolo- 
gist» reports, but no routine recording of their activities—separate from ma- 
laria control accomplishments in general—was ever required or made. It is 
known, however, that while these were variable in quantity and quality, their 
aggregate effect must have been very considerable. This was true especially 
in Fifth UÄ Army areas and in Army Air Force installations. 

It was interesting to note that, in the Air Force installations during 1044, 
three antimalaria details were made up exclusively of Medical Department 
personnel (except in antiaircraft artillery units) and they worked under the 
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direct siiiH'rvision of medical oflii-ers.-" This piiirt icw was not in conformity 
with War Department Circular No. 2&\ which s|>ecilies that untiiualaria details 
will he made up of Medical Department soldier« only in medical units. The 
circumstances which urged this departure from the directive were that: (I) 
Many Army Air Force units were composed entirely of special technicians with 
full-time duty res|Mjnsibilitics; (-2) Army Air Force medical units were so gen- 
erously manned that they could afford to supply the men without detrimental 
etfect it|ion the fulfilment of their primary fund ions: and {'A) I he malaria sur- 
vey anil control units scheduled for the Army Air Force were delayed in 
arriving and it was essential for the Army Air Force mahtriologist to contrive 
some sort of working organization to take on the task of providing environ- 
mental malaria control. In spite of this contravention of Medical IVpurtment 
policy, the arrangement turned out to be an admirable one. Indeed, it is doubt- 
ful if as much work was accomplished, in pro|Nirtion to total strength, by en- 
listed-men antimalaria details in other major commands during 1!>44. 

Heaaqnarters «nit.—This unit consisted of four officers and seven en- 
listed men." In the early spring of 11>44. it became a provisional XATOI'SA 
organization with l.t officer and 20 enlisted man position vacancies. Officer 
members were available for attachment to surgeons' offices in base section, Army, 
and Army Air Force headquarters for duty as malariologists. These malari- 
ologists had technical direction of the malaria survey and control units assigned 
or attached to their respective lieadquarters. As long as considerable numbers 
of I'.S. troops were maintained in Africa, they coordinated the work of French 
health agencies doing malaria control in the neighborhood of military installa- 
tions. Through the malariologists, malaria survey and control unit activities 
were reported in prescribed form to the sunreon of the organization to which 
the unit was attached or assigned. Each month, the weekly unit re|>orts, to- 
gether with accounts of malariologists' activities, were consolidated by the 
local malariologists and submitted to the local surgeon. These monthly reports 
were then sent by the latter through channels to the theater surgeon. 

Lecal aattaafauria nNa-As of 1 July 1043, there were four malaria 
surrej' units ami four malaria control units in the theater, in addition to the 
2655th Malaria Control Detachment. There were no malariologists other than 
the theater and assistant theater nialariologist*. By the end of the year, one 
more survey unit and three more control units had arrived ami eight officers 
(six Medical Corps and two Sanitary Corps) reported in the theater for duty 
as assistant malariologists. They were assigned to the 2655th Malaria Control 
Detachment as authorized overstrength pending approval of the revised table 
of organisation for that unit. 
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During 1044, 10 more control units were netivutinl «ml traim»«! in the 
theater. They were commanded by officers trained in the 1 "nitetl States und 
»ent nver for that pui-|x**\ One more survey unit tirrivetl «-ompletely trained. 
On 1 Xoveuiber. two control units were lost to the theater when KTOI'SA 
took over all I'.S. troops remaining in France. Thus, the iintimalaria organiza- 
tion lvnched its maximal strength during the malaria season of l!>44: as of 15 
August, as shown in chart S, it consisted of t> survey units and 17 control units 
and 14 administrative mnlariolngists, 12 of whom were assigned to the 2»>.V»ih 
Malaria Control Detachment. 

At the close of the li>44 season, when it was realized that the theater would 
no longer have commitments in North Africa, Sicily, Sardinia, or Corsica, it 
was decided to reduce the antitnnlarin organization lioth in {(ersonnel and 
units. The officer strength of the 2tt55lh Malaria Control Detachment was 
cut from HI to fi, and tlie aiitimalaria units were, reduced from 17 to 10 control 
units and from 6 to 1 survey unit. Redeployment of officers took place during 
the winter months. The K) oldest units were disbanded in February by War 
Department order, and all but three officers were returned to the United Stales. 
This drastic reduction occasioned considerable concern regarding tlie security 
of the malaria program. In order to safeguard it, authorization was otaained 
from MTOISA to organize three provisional malaria control units. In ad- 
dition, two of these units were authorized an overst rength of 14 enlisted men and 
1 officer, making a total of 25 enlisted men and 2 officers. Wliere possible, an 
atteni|>t was made to obtain men from tlie old units disbanded in the springs; 
this jioliey was successful in retaining about 30 percent of the trained personnel. 

Airplane •'■«tin* an« spraying detachaaeat.—This detachment con- 
sisted of Anterican ami British pilots in tlie 327th Ferrying Squadron, Medi- 
terranean Air Transport Service. Tliey o|ierated nniler tlie technical direction 
cf the Malariologist, XATOl'SA (MTOISA), an arrangement requested by 
tlie Commanding (ieucral. Mediterranean Air Transport Service, and con- 
curred in by the AFHQ committee of consulting malariobigists consisting of 
tlie British Consultant Malariologist. AFHQ. the XATOl'SA Malariologist, 
and the Tropical Disease Consultant, Royal Air Force.11 In 1»44, the VS. 
contingent consisted of w pilots and 22 enlisted men; in 1045, of 0 pilots ami 
18 enlisted men; at no time were more than 6 pilots operating planes. They 
were equipped with two L-5 observation planes, three 1T-17 t St carman) 
trainers, all of which were equipped for dusting in 1044 with one mollified 
for oiling in 1045, and ten A-*» (Boston) light bond»™, four of which were 
equipped for oiling and six for dusting. 

From administrative and operational viewpoints, it was advantageous to 
base aircraft and flying personnel at as few point* as possible. In 1044, prac- 
tically »II the dusting ami spraying in Italy was «lone from Ca|ioilichiiio Air- 
port, though planes and pilots were attached for- brief periods to Foggia Main 

™ i^lfrr. «'«maMmUM ffcwrul. AKIIg. In I'.HBUIHrdtnc lira»ml. Mr4ttrrr*a**n Allknl Air Fan*«, 
:» Jasr 1IM4. ■«*>•<*: Malaria «'•■■ti-iil hj AlrH«m- IX.»«!»*. 
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Aii'|<ort in east Italy and al Castiglione del Lago Airfield in central Italy. 
<)ther separate installation!« remained for the entire season in Sardinia and 
in Corsica.    In 11M-5, a home base was liiiiiiitaiiied at < 'ii|MMli«-liim> with IM I 
vanri» bases set up in northern Italy in the l*>gliom-I*isa sector mid in the 
Kimini-Verona area, 

ANTIMALARIA ACTIVITIES 

Training 

Tilt' need for troop linderst andi tig- of and familiarity with tln< procedures 
of malaria hygiene and sanitation was clearly recogt listed by Colonel Busscll, 
theater uialuriologist, during the latter months of l'.»4:t. I le urged the develop- 
ment of an Allied, theaterwidc, malaria control teaching project, as a winter 
activity for aminialaria |>ersoiinel. This was directed forthwith23 and the 
AHUd Force Malaria Contrid School became an active entity in the early 
months of l!M4|fip.3J). 

As tinally estahlislied, this school was set up in three related hut virtually 
aiitononioiis sections, American, British, and French. Kacli section director 
outlined and supervised the presentation of courses suitable for |iersnnnel in 
his sect ion. Some interchange of lectures was made among the British. Ameri- 
can, and French schools held in Alpers. At the suggestion of the Surgeon. 
AFIIQ (British), interallied dinners for the students of various nationalities 
weir feature«! fieriodimlly in Algiers. 

The basic faculty of the American Section of the Allied Force Malaria 
Control School was coni|>osed of members of the '2ft.V>th Malaria Control IV- 
tachment (Overliead). Tliese officers were given a preliminary training course 
by the assistant tlieater malariologist in Algiers late in 194.'$. As they were 
attached to their respective posts, tliey conducted sclmol* similar to ll»e one 
in Algiers. Most of these were lield during January, February, March, and 
April. All arrangements for announcements, issuing attendance orders, mess- 
ing and billeting, and transporting student officers and men were made through 
regular channels by the malariologists, assisted in held and teaching duties 
by officers from malaria survey and control units. Certificates were generally 
awarded at the successful completion of these courses, so that suitable records 
might be made in the 201 files or service records of the individuals attending. 

Three types of courses were given, modeled after those in Algiers, but 
v ith special divergencies and emphases as dictated by the situation. Course 
One was designed for officers of the medical-inspector type who had adminis- 
trative interest in malaria control. Thm course dealt with clinical, epidetni- 
ologic, and preventive aspects of malaria. Guest lecturers were invited to 
participate and. es|iecially in Algiers, strengthened the content of the presenta- 
tion.  Course Two was designed for laboratory i»ffieers and technicians.   Train- 

»Tratalii* MrmnMu No. 32,  AFHQ. 33 Nor. IMS. n*Wt: Allied Force Malaria Coatrol 
Srfcuat. 
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Florae 32.—Allied Force Malaria Control School at Aualo-Xrt tun» U-ai-tibead. 

ing was given in the making ami staining by various metlio<ls of thick blood 
film* mid rlw i<lentihValion of the various stages and s|*ecies of tlie malaria 
parasites. Course Three was designed primarily for enlisted men who were 
to serve ns antiuialariu details although it was attended also l»y line officers 
detailed as antimalaria officers. It «-onsisted of brief, didactic training in the 
prhn-iplen and demonstration of the procedures used in malaria control 
practice. 

American Section schools were held in Algiers, Oran, Bizerte, Palermo, 
Cagliari, Naples, Gasen«, Foggia, Bari, San Severo, Cerignola, Spinanoia, 
Manduria, and at the Anxto-Nettuno beachhead (fig. 33) ." According to the 
local malariologists' reports, 7,540 officers and enlisted men received training 
at them schools. This was about 1.2 percent of the total U.S. strength at the 
time the schools were conducted and represents a substantial troop contact. 
It was recognised that educational efforts should not stop with the expiration 

>• The »rfc.il a| the Aasto-Xettaao beachhead aVwnrte fetal csmanat. It ni Ik» Urgent <■ 
tana ».»•» uliir« aad enlisted aea <m* tnlaed «hee»t held la 1M4 aad was eeadaeted literally 1 
•re at all dam. The a—»Hal ana «reated the l««i dnnaetoa» oa« available, so the dklaclle teaehlaaj 
«a« ameated then la a dsahki ward teat liberally corered with red eroeeen. Ns« aatll tke Snt day-* 
tlM arrived—amed to the teeth:— 4M It oecar to «he laetraetor that the ptrtara of the c-ontpertrly 
ncceatered ntadeats coiaa la aad eat «t the Ira > and lamnaiac arnaad It dnrtar tar 10-aitaate "broths," 
if tahea by a German phMoreeoaaalssaace plaae. mich« he Jastlaably Interpreted an evidence of a 
he»ach af the Oeaera caawattoa» aad aerre a* «he «ant» for a deliberate attack on the bes|dtal area! 
Notala« ef the aart erer happened, bat it took 3 Ion« days to «et the order eonatenaaadnl reualrtaa; 
all eoathat midien to carry araui at all Untre—no that the staden«» coakl coaie to arhool unarmed. 
This wan the more remarkable beraaie the hospital area, accordiac to the aaeaaally accanle report» 
af Rndw Bsaua, wnn aador aasclal sarTeBlaace at «ha time. 
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FI<,IHE 33.—Group at Aniln-Nettnn» beachhead receiving Held Instruction* in itulnrl» 
r<»ntr«>l.  Hospital area appears in background. 

of a school project. Accordingly, some 51 miscellaneous lectures were given 
by assistant inalariologissts to military audiences totaling inure than <>,">4M). 

Inasmuch as so many persons connected with malaria control had received 
extensive schooling during 1M4. comprehensive training was unwarranted in 
1945 and a modified educational project was proposed. This consisted of 1-day 
schools held by local malariologiste and assistants for (1) officers entrusted 
with antimalaria instruction of troops or who supervised tlie activities of 
enlisted-men antimalaria details, and (2) enlisted men of the unit antimalaria 
details. In the main, these schools were held during March and April just 
before the malaria season. 

The courses for officers included the history of malaria in the theater, a 
prognosis of the malaria hazard and problems for 1045, the duties and inter- 
relationships of antimalaria personnel, antimalaria education of troops, the 
training and use of unit antimalaria details, where and how to get supplies 
and equipment, and the 1945 theater policy for suppress! ve Atabrine therapy. 

The courses for enlisted men dealt with the importance of malaria, utiliz- 
ing the "Graphic Portfolio on Malaria"—War Department Graphic Training 
Aid 8-1. which gives a brief description of anopheline and culicine mosquitoes 
and their comparative bionomics, malaria control procedures to be practiced 
by enlisted-men antimalaria details, care and use of equipment, and demon- 
stration of mosquito-collecting, house-spraying, oil-larviciding, and ditching 
techniques. 

A special course was offered to officers and technicians in the Air Force 
Group Aid Dispensaries. These units were in the process of being equipped 
with microscopes, and a majority of the technical personnel assigned were 
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inex|>ei'ieiiced in the preparation and interpretation of thick blood films for 
innliiriii diagnosis. 

These schools were held in Naples, Koine, Grosseto, Sienn, Leghorn, Pisa, 
Florence, Cattolica, Tiirre Maggiore, Foggia, Cerignola, Spinazzola, Bari, Man- 
dnria, and in the mountains of the Fifth U.S. Army sec-tor, north and west of 
Florence. 

According to the rei>orts of local mahiiiologists. ti,i:n> officers and enlisted 
men received tmining in these courses. This amounts to about the same troop 
contact as was achieved in 1044. 

In addition to the formal training; activities, awareness of the malaria 
problem and of die necessity for unremitting continuity in malaria control was 
stimulated by announcements and reminders conveyed both by radio and unit 
newssheets, by the use of roadside markers indicating the boundaries of 
malarious ureas, by malaria control |Histers, and by the hooklet entitled "This 
is Ann." Most of the posters came from the States (War Department, Medical 
Department Item Nos. 7.I77O-01 to 1*2. inclusive), although n few originate«! 
in the theiiter and were reproduced by engineer mapping units. Certain of 
the illustrations in "This is Ann" were enlarged and printed by civilian con- 
tract in Italy. The |>osterr. and pamphlets were usually in evidence in mess- 
halls, dayrooms, and on company bulletin boards. 

Survey Activities 

These were minimized in XATOI'SA and MTOI'SA from necessity rather 
than choice. Tlie number of malaria control detachments in the tlteater was 
never great enough to provide and supervise environmental control measures 
on a really adequate scale. Consequently, it appeared advisable to use malaria 
survey detachments as malaria control detachment* during t lie malaria seasons. 
In some instances, the malaria survey detachments were authorised to draw 
enough extra vehicles and equipment to make them operationally equivalent 
to control units; in others, provisional malaria control detachments were formed, 
by theater directive, from replacement personnel, commanded by the extra 
officer (parasitologist) from malaria survey detachments and equipped as ma- 
laria control detachments. 

Furthermore, \ considerable body of information regarding the distribu- 
tion of malaria and anophelism existed in each country and island occupied. 
While these data were not always up to date, nor as nearly accurate as might 
be desired, they were generally useful. It seemed pointless, tlierefore, to en- 
gage in detailed exploratkmal surveys except on those rare occasions wlien in- 
formation from local civilian sources was not available. Consequently, the 
bulk of survey act i v it ies was inspectoral. 

9>1——ttry.—Spleen palpat:on as a rapid measure of malaria endemicity 
was not widely employed, although limited and isolated observations were 
made in nearly all base sections, armies, and Army Air Forces.   A total of 
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5,110 individuals, mostly children, were examined, of whom 1*J |»er<viii were 
reported to have en)urged spleens. 1/x-al spleen rates varied from -1 lo \'.\ 
percent. 

Parasitology.—More parasite examinations were made in relation tueillier 
troop strength or the nnmlier of malaria survey detachments in IS14U tlian in 
either 1944 or 11145. This was due largely to the necessity of «'decking the 
hlood-Hlm examinations of hospital laboratories staffed with iiersouiiel not 
yet evperieiiced in the recognition and identification of malaria parasites. 
Epidemiologie studies Imsed on parasite-positive slides were not |iossible except 
on a sniiill and unsatisfactory scale. The rapid movement of units anil indi- 
vidual.-, and the possibility of protracted incubation |ieriods (resulting from 
suppressive Atabrine therapy), during which multiple ex|tosttrc* in various 
places may have occurred, made these efforts unproductive in discovering where 
infections were contracted. They did point, however, to a rather selective 
prevalence among truckdrivers, railroad n|>erators. cooks and kitchen hel|iers. 
attendants in antiaircraft, searchlight and locator posts, and among members 
of similar details in which duty ex|n»sure after dark was the common factor. 

During 1U43, more than la,0iH) blood smears were examined by survey 
unit personnel in the. theater. The lack of homogeneity as to time, place, 
sampling, and techni<|ite precludes drawing statistical conclusions from these 
data. As expected, tertian infections appeared to predominate in IIH- early- 
summer months and estivo-nntumnnl infections in the late summer and fall. 
About. 75 percent of tlie total examined were survey slides made from troop«, 
prisoners of war, or natives (mostly children). Tlie remaining smears were 
from liospital patients, tlie majority of whom were suspected of having malaria 
from clinical evidence. Of tlie total, 11.5 percent of the blood tibns were 
positive. 

In 1!H4, over 14,000 smears were examined, of which only S percent wen 
positive. Some of tlie examinations were from civilian or Italian military 
surveys; tlie others were made to check hospital laboratory malaria diagnose«. 

In 1W5, tliere were no parasitologic surveys due to tlie fact that all survey 
units but one were deactivated in the spring. Tlie one remaining survey unit 
operated in the capacity of a control detachment. Accordingly, the control 
detachments were obliged to train their own mosquito inspection teams. In 
general, these consisted of two men per detachment. Lacking diagnostic equip- 
ment, it was impossible to differentiate anopheline larvae and adults. 

Eataanalaajjr,—As explained previously, most of the mosquito survey 
activities were inspectoral rather than ezplorational. The following species 
of amiphelines were reported by various malaria survey units in the North 
African and Mediterranean theaters: 

Anopheles alfferien»h Theobald 
Anopheles claviger bifurrntu* Me igen 
Anophele» hyrcanw psewlopietm Grassi 
Anopheles Jabranehim atroporru» van Thiel 
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Anophele* labraiirhUie Mtnntehiw Fu11<*roni 
Anopkvh» macuti/tenni* vuiculi pennt* Mr igen 
Anophele» martert Senevet and Prunelle 
Anophchx mehmoon melanoon Hackett 
Anopheft* p/iimbfux Stephens 
Anophefex xaeharot'i (elutux) Favre 
-1 Hophefe* xupt'rpivtH* Grnssi 
Anophele» tu ik limit {hixptinlola) List on " 

Other members of the mtiniliprnni* complex were probably eiicoiiiitered but 
were not rvcojniizcd because of the |Miu<-itv of survey |iersoniiel and eipiipnieiit. 

Control Activities 

No environmental control measures of a truly permanent nature were 
attempted in XATOUSA except a relatively small amount of land fill. It is 
probable that much of the o|ien ditching may have had certain Hciuipeiiiianeiit 
control valuer if tlie requisite maintenance work was done on it each year. 
Generally speaking, each Army unit was responsible for locating and control- 
ling all anopheline breeding and performing other antimosquito measures 
within the limits of its installation, and, in many instances, for a mosquito 
flight-range ratlins beyond. 

In North Africa, an effort was made during 1043 to utilise civilian health 
agencies for carrying on larviciding, clearing, ami minor hand drainage beyond 
the military are* limit« to the extent of two kilometers. Hase section com- 
manders were authorised by NATOUSA directive to draw from 17.S. military 
sources transportation, nonmedical supplies, and facilities for malaria control 
as dictated by circumstances in each base wet km and to expend up to 500/100 
francs ($10/100) a month for civilian labor and miscellaneous items for the 
same purpose. This idea had merit, and where the base section commanders, 
surgeons, and preventive medicine oflkcru took a constructive interpretation of 
the directive, the supplemental control activities thus generated had definite 
values both to military and local civilian populations. 

Unfortunately, none of the North African health agencies, with the possible 
exception of the one in Morocco, had an experienced malaria control organisa- 
tion large enough to take on the task of environmental malaria control around 
Allied military installations. In Algeria, it »us customary for larriridal and 
drainage improvement operation.) to be performed by one national agency, the 
Serriee de m Cokeüeetkm et de Iffydraulieue, under the technical direction of 
another agency, the Service de la Sente PuUioue.   The Eastern Base Section 

■ (1) Baaart, P. r. ■■■■■■ii. L. X, mrt Hw. A.: Ear* ta Ik* A«■■»■■■ MilMilan af IW 
WarM. WHa Xaaia «a TMr MrailScanaa, DWAMta, W«l««y. aaS Briatlaa 1. Malaria. PkOa- 
txyaaa: Ta* ABMrieaa KaHaulialral SavMjr, Ta» Ata*taqr af Kataral Srlrawa. IS4S. aa>. SS-SI. 
(1) laaa, K. a., aa« ■ ■am», II. B. : M~«alt. Atta«, rart II. H*M*ra OM *«U ABOBMIM 
lanjwrtaat a» Malaria. r»Baailiala : TIM Aawrfaaa Batiiawlaalml Barfcptj. TW Atrntumy M Xataral 
Srt—eia, ISIS. pa. ST-M. 
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included parts of Ixrtli Algeria niul Tunisia which IIIIHIC it necessary In deal 
with t wo di Herein national health departments. These circumstances naturally 
led to complications iin<I misunderstandings in planning, res|M>nsibility, execu- 
tion, ami iinully, in reimbursement. 

Larvlciding.—The treatment of aimpheline breeding plinth to destroy 
larvae was practiced on a more extensive scale limn tiny other single control 
method. The inotv frequent amis of mosquito production were small streams 
».id ditches. In ninny of these areas, the entire wuler surface was covered by 
floating and emergent vegetation, mid mosquito breeding extended from hunk 
to hank: in ntliers, plant growth WHS marginal, mid larvae were found only 
along the edges. cs|ieciiilly in relation to small vital floatage. In either case, 
supplementary clearing and cleaning were nee«leU to make lurvit-iding appli- 
cations effective. These physical operation* must have had considerable de- 
structive effect upon the larvae themselves. 

Petroleum oil, usually Xo. 2 diesel, was tlie larviride of choice for ground 
application, Paris green was not, generally available until 1944, but, in spite 
of considerable promotion and bist met ion in its use, the unit antimalaria 
details dkl not employ it to any great extent and showed a strong preference 
for oil. Probable reasons are that oil was much more available due to its 
general distribution for purposes other than larviciding, it required no mixing 
or trips to a mixing plant, it «as not a poison, ami the oil sprayers were 
mechanically superior to the rotary hand dusters usually supplied. In certain 
base sections, some paris green hand dusting was done by or immediately under 
the supervision of the special malaria control organization. An immense 
amount of paris green was spread by airplane in Italy, Sardinia, and Corsica 
daring 1914 and in Italy in 19*5. During the spring of 1944, DDT made its 
appearance in the theater. As a larvicide, it was used almost entirely in an 
experimental way both from the ground and by airplane. In 1945, 5 percent 
DDT in oil was used extensively as a larvicide applied both from the air and 
from the ground. 

For the most part, various types of hand pressure sprayen «ere used to 
apply petroleum products. Continuous drip oiler* «ere set up over streams 
in many parts of the theater. In one base section, a power oil sprayer «aa 
«■«eloped by utilizing a JI8A1 Chemical Warfare decontaminating unit 
mounted on a 8%-ton« x 6 truck chamia (fig. »4). This was actually a homog- 
enising pump developing up to 500 pounds pleasure and was used to deliver a 
finery dispersed mixture of one put of oil in three parts water. Less oil was 
necessary for a given area when applied by this apparatus, the area was oiled 
in a shorter time than by hand-operated equipment, and the oil was forced 
below the water surface where it continued to come up under and around 
vegetation for periods of 3 or 3 weeks, so that its effect lasted longer than 
surface spraying. 

Ahrsjsn— mrvfcWng.—Probably the first utilisation of airplanes in dis- 
persing larvieidea in NATOUSA was made in Morocco during the summer of 
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PHIU Kk—A 30 airplane «Inatla»; parla arm over S4««lr<l area* iMiHkwwt «rf Xaitle*. 

HU3.5* Plane» and pilot« for this pur|M**? had been rw|iiested frum the States 
early in the year. It was late Se|itemuer, Itowever, before the MIX pilots—three 
of tlieni experienced in crop dusting—reporteil for duty, ami even later before 
the three PT-17 (Stearman) trainers, modified for dinting, were assembled 
and ready to fly. By tliat time, the iiKMquitn Itrtvdiug MIMNI was nearly over 
HO the planen were flown only for a xniall amount of experimental dusting. 
Some replacement parts for tlie dusting attachment» had been sent over with 
them, but no repair or maintenance items for the aircraft arrived nor wen 
there any in the theater. With the prospect of providing malaria protec- 
tion in 11M4 through the flooded Pbntine and other bonifications and in malari- 
ous Sardinia and Corsica, it was necessary to enlarge the scope of the aerial- 
dnating facilities considerably beyond those afforded by three small trainer 
plan—, any on» of which might be grounded indefinitely by a cracked spark 
ping or a flat tire. It was obviously desirable to provide more and larger 
planes which aould be serviced within the theater. The A-iO (Boston) light 
hoaaber was ftnalry selected because of ita frying characteristics and availability 
(ngs. Sft and 36), and a B-17 was dispatched to the States tn obtain a load 
of PT-17 motors, tires, wheels, instruments, and other replacement parts. 

"The haae wittia nawaiaii bad lirHHai MM ef aerie |l»i u • larrtrtor by Armj arruaaal 
Mi«—i a* waa laMaftraiiS aa to lla teaklty to BM aaS laamtte aahaala The heal atom af parla 

«, therefert, aiaSa available to th. »»mm aablla health aprvlea. »an .naUtlrm of whhch 
to anal the part« «it— i—eXaat -Ulcrr with aa eM neaeb eiertn which had teea 
hac before »• aaalnraethy. The Haw raa* whea thai aaeteat aircraft eeaM aa toaajcr 

eat »a? tb* are Bad, whereaaea the total Mary air «argue« teak erer the arta«l»a aeuwj a ■■Jiaul lt-4 
Cab. Be aa—asa* la tetttM la an Srlac tlaw while he daeted »tertlTHj aoettoa* ef tw» Urrr awaaa» 
areaa aaar Anaj caaawltea. 
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rtuvm M.—X-» aTaatl— itaM tytac !■ fcwMn * 
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alMe hetaane «f laadmlae«. The ami mini ml imnateat beranar the n««l trarendac 
It to the aorth wan a vital «u|inlr Hae. 
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Theaterwide airplane dusting ami spraying service was developed in 
1944 and continued the following year. At tin- request of the Theater Surgeon, 
AFHQ directed the Mediterranean Allied Air Force to provide adequate planes 
and pilots for malaria control purposes.-7 This res>|>oiisibility was delegated 
by the Mediterranean Allied Air Force through the Army Air Force Service 
Command to the Mediterranean Air Transport Command. This organization 
placed a detachment of one of its ferrying squadrons virtually at the disposal 
of the theater malariologist. The crop dusting pilots, assisted by sj>eoial 
malaria control organization personnel, supervised the structural modification 
of the A-20's to convert them to dusting and oiling planes. 

Working arrangements were as follows: Request» for airplane dusting or 
spraying service were transmitted to the tlieater malariologist. As soon as 
practicable, he or one of his representatives visited the area and, accompanied 
by the local malariologist, made an aerial and ground inspection of the terrain 
to be treated. The amount of materials required for each week was tlien com- 
puted, and decisions were made regarding responsibility for transporting, 
mixing, and planeloading of larvicidal materials. Tlie local malariologist 
provided a map for tlie pilot showing tlte exact area to be covered. Tlte job 
was tlien scheduled for a particular day each week and copies of these arrange- 
ments circulated to all agencies concerned. Tliereafter, the work proceeded 
as arranged until cancellation. Planeloading was generally handled by some 
element of tlie special malaria control organization. 

In UH4, nearly 000,000 pounds of 25 percent pari» green in lime and 7,000 
gallons of oil (mostly No. 2 dicsel with varying contents of DDT) were ap- 
plied by airplane for American and British malaria control. During 1945, 
about 250,000 pounds of peris green mixed with diatomaceons earth (1:3 for 
American use) or cement (1:6 for British use) and roughly 72/100 gallons of 
ft percent DDT in oil were dispersed by plane in the theater. 

These quantities of paris green and DDT mixtures required large-scale 
mixing facilities. In 1944, they were contrived by base section engineers from 
an old Italian ammunition plant located in a cave near the Fair Grounds out* 
aide Naples (fig. 37). This factory was provided with motor-driven, steel 
tumblers loaded from a plat form overhead. These containers discharged mixed 
dust into steel barrel* on rollers below. Ample facilities were available for the 
dry storage of pari* green nnd lime as well as mixed dust. Bath 25 percent 
■aid 10 percent mixtures were prepared at this plant, the former for airplane 
and the latter for hand-duster appl irat ions. Plant capacity was 8 tons of mixed 
duet per 8-hour day. 

In 194ft, American larrieides were prepared by one of the malaria control 
units working in the Sohray plant at Rosignano (fig. 38). The 25 percent paris 
green mixture in diatomaceous earth was blended in revolving steel drums 
formerly used for manufacturing chloride of lime.   The plant capacity was 

"I«ttot. the CMWUMHM Orarral. AFHQ. to tha CbauMadla* Onml, Htdttrmnma AlHtfl 
Air hm. M Mar. 1M4. MkJ«*: Malaria Coairul l*xin Air, U»-» for 1S44. 
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i^r^vv^l^ 
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rui'K 37.—Paria tm-a mixing plant near Naples. 

S to 15 ton» |»r «lay. DDT Holut ion* (5 i^rcent in diese! «til or kerosene) were 
prepared in one of several Urge Mills previously used for making trichlor- 
ethykvie. Kni-li of these had a capacity of 1,200 gallons and was equipped 
with a set of agitator paddles« which rotated at the rate of «0 r.p.ni. Oil or 
kerosene wan pumped in through pipe» connected to large storage tanks out- 
aide the building. DDT concentrate, dissolving in the proper amount, was 
added through a hatchway in the top of the still. After thorough mixing, the 
solution was drawn off through a tap at the bottom directly into &5 gallon 
drums. These stills had a rapacity of about £,400 gallons per day. Because 
of the ease of product ion. the malaria control unit also prepared large quantities 
of ft percent DDT in kerosene for use as a residnal insect-killing spray to be 
applied within houses by various units. 

The MTOTSA airplane malaria control project abundantly demonstrated 
the feasibility of using Urge fast planes for applying larvicides. When the 
program was begun, this principle had not been employed to any extent, and 
its practicability was flatly denied by numerous "swivel-chair" pilots. The 
A-ao (Boston) light bomber " proved to be an admirable vehicle for dust and 
oil applications to large, unobstnicted water areas.   These planes were used 

" Tkla keartar la smM ami «nrartataeu MaarajTrrahle la the haaSa «f a vklllml »Mat sad ha» 
rlaMHtjr adraataare ar*r Ike B-X-Y 11« radlaa at rnaa«]-trl<i aaennua wHhnal rrfarllajc I« abaa« SB» 
Mlhm. It raa rarrjr JUW aaaada of dan«. illartaraii« It la XII ailaMn. or 3W> aaUaaa af nil wkkk raa 
W dftarfcargrcl la fraai 3 t«, 13 mlaat*a of flying flair, emtrdta* trt tkr iliaairtrr af ta* eWfcarar real. 
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Fastae SK—nillw 5.Vca»«a drama with fnahljr Mlxnl 
DDT la krrouMe  iw dlnwi «II)   Hr*|a»r»it la ta* Hutvay 

Italy. 
I*ant, 

to dust large marshy and ponded area* in Corsica, vast innndaled acreages in 
coastal Italy, the extensive canal systems in western Italy, ami along the troop- 
jammed highways of the Po River delta area (fig. 30). 

Tim enth—iawn of theater malaria control personnel for the A-30 did not 
predmM the utilisation of small planes for the precision treatment of small 
anas or winding streams, the course of which could not he followed by tha larger 
aircraft. L-& (Grasshopper) liaison planes, UC-fll (Pairchild) observation 
pmnes, and PT-17 (Stearman) trainers wen all tried (fig.«)).1* 

■ Of ta*a», ta» linm tntatr slaw «u kr «S •*•» ta» Mat. II k aaarrfal, taaah. Mum» 
aha», aaa MM had »wSht attat TMftOjtr. a« th» rarkatt la «a»a. It ha» • work raatw, wltbMit 
lafaaMas, af fraaa law ta IS» an«. It rarrtm am aaaaa* of ahmt whMi It Murtati» la T artaawa, 
•r SB Sanaa« af »U which an ralnipra' la ahnat S.S alHin at a »ana1 a» m all*» nrr hoar. Ta» h-t 
waa ah» mtMartor» far ariaar atao» ««»liar «T «tnilw «arratWa». Mit It karkr* tar aawar aaS 
—»a—vraMllt.T «f the PT-1T. Ta» rc-al am reawMrrwl aaSaalraal» fat IM» aaraaara thenih 
H wan aard awn> ar In axMaalTvh; hgr the Britta*.   •» It la aaaVrammr* •■*' aa» Inaltrd Bt**t 
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norm 31».—A-SO airplane diarhanring OUT la »11 over a nail canal MI Pita. 

rmnac 4ft—PT-17 (McinMii «pray lag a raaal la Italy with DOT la oil 
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Experience in 1!>44 demonstrated the desirnltility of covering large areas 
with several A-ü's flying in eclielon formation (lig. IVA) so tlint nn entire iiivn 
could be covered with :i single loading of lairvicide. This :ivoi<le«l the neces- 
sity of having to leave for more dust or oil and returning to find different wind 
and air current conditions, as well as having to resume operations at an uncer- 
tain point somewhere near the place where the previous load ran out. Forma- 
tion Hying was found to lie best iliivcled from a liaison plane overhead, utiliz- 
ing radio intercommunication with the pilots in the work planes. lly this 
means, the effects of cros.swin.ls could be noted, pilots ordered to the right or 
left. Im re s(>ots covered, and so on. The A-SO treatment of large canals was 
also |>erfornietl more effectively under the direction of an aerial observer, as 
the A-rfti pilot cannot see behind him to gage the effects of wind drift on the 
spray or dust cloud. 

Airplane dusting was carried out at weekly intervals in accordunce with 
the general principle of applying larvicides of teiu|M>rury effectiveness at least 
once during each consecutive period of larval development. Aerial oiling 
schedules were placed on « weekly basis also, but this was because of adminis- 
trative convenience. No data are available to show how long the DDT appli- 
cations were effective in Italy. It is possible but unlikely, judging from ex- 
periences re|x>rted from other areas,*1 that some residual effect was established 
after several weekly treatments on the same area. 

Adalt mosquito killing.—This activity was conducted systematically in 
Moron-» during 1043. where it constituted a major and very effective means of 
mosquito reduction, especially when larvicidal measures were conducted simul- 
taneously in the area. 

This program was unique in that women were employed to conduct the 
spraying operations because of the ruling by the local pasha and the French 
civilian comptroller that men would not be permitted to enter Arab dwellings. 
Despite fear to the contrary, European women were easily obtained and proved 
to be more conscientious, careful, and steady sprayers than men. The total 
number of native dwellings involved in the inspection and spraying program in 
the whole sector is not known, but it mast have been very large. The frequency 
with which the building« were sprayed varied greatly, depending upon the 
findings of the inspectors. An indication of the cost and efficiency of this pro- 
gram is gained from data submitted from the Rabat area where, from 7 June 
to 31 July, five women sprayed 7,000 huts at a total labor cost of $564, or 
$0.08 per dwelling. Mosquito counts in these houses before the spraying pro- 
gram averaged 500 to 800 mosquitoes per hut; at the end, 5 to 10 mosquitoes 
per hut. 

Less extensive uses of spray killing both with liquid insecticide and Aerosol 
dispensers were made in other portions of tlie theater. While they could not 
be used in the most forward section of combat areas, tliey probably achieved 

■ Wir DppartBMIt TVrtalnl Bultetla (TU MRP) 2M>. FHnary 1MI. 
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tlieir maximum utilization in Army areas where both the iiiiiiinnltiriii units 
and the unit aiitiiunliiria details sprayed houses und animal shelters in newly 
occupied sections. 

In the summer of 1!>44, the use of |)| >T as a residual lions»' spray in Italy. 
Sardinia, and Corsica was begun. This measure came to lie of increasing 
ini|>ortance in malaria control technique, especially in areas where the jHissibil- 
ities of other environmental control practice were either not practicable or did 
not yield immediate health lienelits. DDT residual spray was use«I for the 
control of nil ]>est and disease-carrying inserts. The DDT was mixed with 
kerosene to make a li-percent solution ami was packaged either in .Vgallon or 
5'>-pilloii containers at central ]>oints. The Fifth I'.S. Army drew the mixed 
product from its sup|Mirtiii}! base section and distributed it with printed in- 
structions as to its use to various units, a moiety of which made their own 
application. In virtually all other insi a Hal ions, the DDT sohlt ioi, was issued to 
units hut was applied for them by s|iecially trained individuals or by teams 
using |M>wer sprayers. The latter arrangement was decidedly more efficient 
than the former, which was necessitated by the relatively vast dis|iersion of 
Army units. The Imsis of distribution in Air Cor|*s units was W gallons |ier 
1,1*10 men |ier month: in all other organizations, 5 gallons per company as 
needed, issue dales being determined by actual observations of insert preva- 
lence. By XATOl'SA directive, liquid insecticide and ."» jien-ent DDT and 
kerosene were made available late in August •'without restrict ion and in suffi- 
cient quantity to control disease-hearing inserts throughout the theater."'" 

Its spectacular success in 1044 as an adult mosquito killer led to its utiliza- 
tion on an even grander scale in 1945 in Italy, where it was credited by the tlie- 
ater malariologist as being the moat important item in malaria control o|>era- 
tions during the season. More than three and one-half times as much DDT was 
applied to walls by malaria control units in 1945 than had been used similarly 
during the previous year. Spraying was commenced in March to kill the 
overwinteringanopheline females. After the initial application, unit buildings 
were resprayed every month and the surrounding civilian houses about every 
3 months. Later in the season, it was felt that it would be more profitable to 
increase the protected zone by another half-mile to a mile rather than to respray 
previously treated houses; in this way very large areas of countryside were 
blanketed with DDT. It was ahm discovered that, in order to get adequate 
control, it was necessary to treat every shelter in the control zone, otherwise 
■mall foci of adults continued to exist in the untreated structures.*1 Although 
DDT house spray was distributed on the basis of 90 gallons per UXX) men per 
month in 194&, it was always available and units needing additional amounts 
could always draw them. 

» St« rwrtafttc IT. p. 21». 
■I« • few laataam. bnvrrrr. It wan airmary to mrtrtct tkc aawaal of »arajla«. Tan«, la 

mtala atrtlaaa »f tin r» Blrrr Vallcjr warrr iprtraltara la ara«UeMt, DDT wan aaaUit] raljr t» 
ctrtHaa alaatlai. ataaata. aat) otWr nallNMiiwa a« tat) atlkwanas wHti wrrr ralaM la tat- auat» woaM 
■it ataanptut? aara (Mtisjii. 
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DDT replaced Freon pyretliruiu to 11 considerable extent as an insecti- 
cide in l!)4.r>. During the previous year, the s|>e<-iul innlariii control orguni- 
zatiou used 11,21? lmmlta, whereas in 1!>4"> only 1,710 were reported to have 
been used and these by Army units during the Po River Valley offensive 
when it was necessary to treat houses quickly: later, the units went hack and 
rvsprayed the houses with DDT. 

Physical operation«.—These were extensively conducted throughout the 
theater in 1943 to eliminate mosquito breeding and to ]iermit more effective 
application of oil lurvicides. Vegetation and obstructions were removed and 
residual pools often eliminated in order to enhance the speed of waterflow. 
In some instances, temporary dams were constructed to |>ennit periodic flush- 
ing of streams. In 1044, the total amount of stream training, drainage, and 
land fill was greatly increased in Italy, Sardinia, and Corsica. In Corsica, 
a tremendous mileage of ditch and stream clearing, new ditching, and stream 
channelization was accomplished. I-arg* areas were dewntered which, accord- 
ing to local inhabitants, had not been dry before in the memory of man. The 
mosquito population was so reduced that Corsica» families moved from their 
summer homes in the hills down to the coastal plains before the advent of 
cold weather. 

The enormous amount of physical operations was accomplished mainly 
by Italian and Yugoslav military labor. Companies of Italian infantry or 
quartermaster service troops were attached to malaria control «nits for opera- 
tional control. These Italian organizations drew their own rations, messed, 
and sheltered themselves. The companies varied in size, averaging from 125 
to 150 öftrere and men, bat about a third were concerned in company admin- 
istration and were not, therefore, available for work. In Corsica, Yugoslav 
labor companies were used similarly. The men in these units had been taken 
from their homes and country by the Germans as forced labor to work in 
Sardinia. When transported to Corsica, these labor companies were com- 
manded by Italian officers and noncommissioned officers—whom they heartily 
detested—were malnourished, dispirited, and plagued by recurrent malaria. 
When the Italian öftrer* were replaced with Americans and the Slavs were 
well fed and given proper medical service, their morale rose rapidly and they 
became, by all accounts, the most effective and dependable source of labor 
available in the theater. Italian civilian labor was employed on contract 
projects by the Allied Control Commission in Salerno and eastern Italy. Their 
work was also satisfactory as long as it was subject to U.S. nfti 11 inspection. 

The responsibility of the Corps of Engineers for environmental control 
was accented whenever its unite were available from other duties. 

Three Corps of Engineers projects were of considerable magnitude and 
were coordinated with the program of the special malaria control organiza- 
tion to such an extent that they merit particular mention. 

During the spring months of 1944, while the Fifth U.S. Army head- 
quarters were located at Sparanise (a small village located near Naples). 
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one buttuliuii from each of live general service engineer regiments, together 
with the entire regimental lieiivv equipment, va.s minie available for malaria 
control. One of the regimental officers, nn e.\|ierieiu ed malaria rout ml engi- 
neer, was detailed as liaison office;- with the medical .-section of the Army head- 
quarters. Together with the Couiiiianding Officer, -JSth Malaria Control De- 
tachment, he surveyed the entire Army rear area north of flip VolMmio Itiver, 
noting those situations where major earthmoving machinery und i>imi|>iige 
could lie used to advantage. These jobs wen; then allotted lo the various 
regiments hy the Army engineer, ami the indented repairs were undertaken. 
This continued until engineers were needed for the push to Home. No record 
of accomplishment is available, hut the work included such o|ienitions as Idling 
tank traps, shellholes, bomli craters; lowering culverts; removing obstructive 
bridge-demolition residues and bypasses: bridge improvement and construc- 
tion; major canal repairs: and installation of heavy duty pumps which involved 
running electric powerlines for many miles. Much of this had to he done 
in heavily mined and boohytrapi>ed areas. The engineers succeeded in re- 
ducing the water in the northern Yolttimo area to its normal level in time 
to permit civilians to plant the dewatered acres in the spring of 1944. It is 
no exaggeration to state that the I'.S. Army engineers, with the tremendous 
manjiower and equipment facilities at their dispos-d, accomplished more in 
a few weeks than the impoverished Italian citizenry could have hoped to 
do in as many years. 

At the Anzio-Nettuno beachhead, the VI Corps engineer undertook re- 
sponsibility not only for drainage improvement but for larviciding and spray 
killing in a considerable portion of that besieged area with the technical as- 
sistance of special malaria control organization representatives. This continued 
until the beachhead forces were joined with other elements of the Fifth VS. 
Army on the advance to the north. 

In the Salerno-Psestum arta, where tlie invasion training center «as sit- 
uated during tho summer of 1944, an engineer combat regiment cooperated 
with the sf al malaria control organization of the Army and the Navy in a 
joint program of malaria prevention. Men from this regiment, using ex- 
plosives, carried out rapid but effective ditching for a distance of several miles 
thus dewatering a large and potentially dangerous area. This could not have 
been accomplished otherwise with the facilities at hand in time to have favored 
the health of the troops training nearby. 

Iawsct-preefinc,—Since screening is virtually nonexistent in Nort h Africa, 
all the buildings requisitioned by the Army in 1943 were without this protec- 
tion. The scarcity of Army screening materials that year restricted their use 
to latrines, kitchens, messltslls, and hreadboxes. Thus insect-proofing was 
employed primarily «s an antifly rattier than as an antimosqitito measure. 
Some screening of hospitals was permitted, complete in certain instances, 
limited in others to spaces mentioned almve and to one or two wards for 
patients with insect-borne diseases.   Salvaged mosquito bars were used ex- 
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tensively for screening purposes. In 11144 unil 11>JJ. tlie silnutiou was greatly 
improved. Screening materials were provided and usud on an adequate sculp 
throughout the tiieutür. 

Personal protective measures, except medication. Ik« I nets ww 
utilized more faithfully lhau any other individual pmlcciive measure. Hy 
tlienter directive, they were available from 15 April tu uO X-ivcnilieiv Some 
unit» requested tlieni for use (itjrnhist pest mosquitoes) during III" winter 
months. They were not used by forward elements in cottilmt as it w«s im- 
practicable for these troops to carry or set up IHHI nets until they were Imck in 
rest areas. Where there was little or no supervision by officers, such as with 
truckdrivers or rai'road operators on the road, it was not uncommon to find 
that bed nets and other essentials for personal projection against malaria were 
not in the possession of the individuals inspected.34 

The wearing of protective clothing was limited usually to long trousers 
and sleeves rolled down after dark. Shorts and shirts without sleeve» were 
prohibited except during the hours of daylight. Some outfits «ore leggings 
all the time. Head nets nnd mosquito gloves were rarely used and went not 
even nominally required by the theater in 1944 as items of personal protection. 

Repellents were amply available but their maximum antimalaria values 
were never realize«I. Unless mosquitoes were numerous enough to constitute 
an annoyance, it was unusual for officers or enlisted men to use repellent as 
instructed. All kinds made their appearance at one time or another in the 
theater. Dimethyl phthalate or 6-2-2 appeared to be least objectionable to 
the soldiers and was effective against A. labrnmchUie labranehiat. 

Much time and effort went into the indoctrination of officers and soldiers 
in NATOl.'SA regarding the use of personal protective measures against 
malaria, but in spite of all these endeavors it was known from night inspections 
that personal protection was more or less neglected except in those units where 
command interest enforced malaria discipline. This indifference was strikingly 
apparent as soon as the troops passed Borne advancing to the north. It waa 
doe, presumably, to the rumor that malaria did not exist north of the Eternal 
City. 

An excellent feature of the Fifth UJS. Army malaria control program was 
the use of antimalaria officers and malaria control committees. 

The antimalaria officers were appointed from nonmedkal personnel in 
each corps, division, regiment, battalion, and separate company. It was the 
duty of the antimalaria officer to inform himself about the status of malaria 
and its control in his organization, to attend and participate in the deliberations 
of the malaria control committee to which he belonged, to acquaint his com- 
manding officer with the malaria problem of the Unit, and to see that all 
necessary malaria control measures were being enforce . 

* Sc« footMtv is. p. set. 
" St« f*»tMte J. r- is*. 
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Malaria control commit IN« were formed in eudi corps, division, regiment, 
and battalion. Tlie membership of wh cor|M and division committee con- 
sisted of the medical inspector, the engineer, and tlie antimalaria officer of 
their respective eclielous. llegimentnl and Imitation committee» were com- 
posed of their surgeons and uiitimalaria officers. The function of each com- 
mittee was to bring together information concerning the phases of malaria 
control represented hy ilie res|wctive committee members. Thus, at periodic 
meetings, the medical inspector contributed information ubotit current malaria 
prevalence and the activities of the Medical l)e|mrtment antimalnria personnel. 
The engineer was concerned primarily with environmental control and the 
mapping of malaria and malaria control data. The antimalaria officer dis- 
cussed malaria emit ml in general hut wax especially charged with noting how 
well the individual preventive measures were lieing enforced. Their finding» 
were reported to the commanding general or officer. To an Army operating 
in a malarious area, this type of conference was most helpful as it brought 
together in all echelons the three brandies of sen ice—command, engineering, 
and medicine—most intimately concerned in tlie prevention of malaria. It is 
believed that this device did much to sustain malaria consciousness and in- 
tegrated control effort while tlie Army was exposed to tlie military hazard of 
malaria. Tlie various Army Air Force commands employed malaria-discipline 
officers in virtually the same capacity as tlie antimalaria officers mentioned 
previously. 

8aa»nt*aaree »laMcath—. A» indicated previously, the Malaria Advisory 
Board, AFHQ, was influential in formulating supprearive medication policy 
for the theater." The British were insistent upon universal, theaterwide ad- 
ministration of Atabrine (except to flying personnel who, they felt, should 
receive quinine) at a scheduled dosage of 0.2 gm. after the evening meal upon 
Monday and Thursday. This was contested in principle by the American 
■Manluiiaiip for the following reasons: (1) It was American policy to depend 
primarily on environmental sanitation and not on chemical prophylaxis, except 
in active, tactical situations; (S) a high rate of toxic reactions, such as «an 
manifested in the group of Ohio State University, Cohunbus, Ohio, students 
placed «pon a controlled experiment of suppreeaive therapy under the auspice» 
of the National Btscanh Council, might occur, which, if true, would dating« 
wrisaary the program of chejnicnl sappnwsion; and (S) with the numbers tana» 
such therapy, the administrative details of providing the Atabrine to forward 

«■its would be difficult and the drag would arrive in an irregular 
r and the prugnun would ta Her arword'ngty. TV British miniiiani the 

fores of tbawe objectives, and the Preach agreed heartily with the British point 
of view. A compromise waa Anally effected whereby the procedure« outlined 
above were to he followed, with the proviso that if environmental nmmria < 
trol was found to be so effective in static area* that suppreswve medication • 

• |a*V ftMstnMtt* 7. f*. IB. 
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not needed, the commander in chief would decide whether or not the hitter 
measure would lie continued in main areas. 

Suppressive Atabrine therapy was commenced 22 April 1943.an Proct icully 
no complaints of reactions were received following the first and second doses, 
but following the third, a well-nigh incredible wave of incapacitating, toxic 
episodes was reported. The» involved nausea, vomiting, cramps, diarrhea, 
and, in some instances, febrile temperatures for a day or more following the 
third dose of Atabrine. All grades of severity were noted and many individuals 
experienced no symptoms whatever. A rather typical example of the incidence 
of toxic reactions encountered is shown in the following data recorded by tlie 
59th Evacuation Hospital (table 33). 

TABLE 33— /artaVarr tf lane rrmriiom from Ambrinr at the 59tk BWMII» Hammiml, 194.1 

Tmte Alabrlnr mactton» 

Type (4 iMTMiniirt 
AtKT It* M +» <»   '      Aftrr th-«h onp 

Apr«) nmmt.i ilMi))il"ai.) 

Pmm   '   A'aarVr        I'rtrrml 
OMerW...        51   I «7 
Nun»   59 
Ealfcud rorn       375 
MecHeal patient»....            13« 
Surgical palfeau -  j 141 
Venereal dheaw patient» i IM 

an 
50 
76 
33 
I« 

Pranarr-of-wmr patient«    H 12 

51 24 
53 -20 

87» j H 
138 1 18 
140 ! II 
TO! 4 
79 ! 5 

MMK UM. rwtat H: A HkUrtal Barrc) M UM AeUiUtal of UM Mnki rf hnallH IhlMr, oaVr rf UM 
mamm.urwaA.tfm.wmmitHkm.tm. toouMmwtj 

The enporieno» in basic service troop« was quite similar to that recorded 
in the ofecer* «ad enlisted men in the detachment noted ptvnonaly, with the 
exception that Negro troop« showed a very low incidence of toxic react* 

The experience in forward area« was very different front Ant in 
•actions. In II Corps troops, «appiisarra Atabrine therapy was began 4 
April IMS beesa» ntalaria was increasing in the 1st Infantry Dmsion which 
was than engaged in combat The third don was followed, in the lath Infan- 
try Drrision, by leas than o-pereent naoderate or severe toxie reartien*, all of 
which paased off rapidly. In the Md FkU Artillery Battalion, abont 10 
psranstof the narssnnel ware elected, while fat drrhsenaJ headoaart,rs «an» 
m% piieent suffered front toxic reactions. The reactions in II Corps treope 
won definitely leas fruauent than thoat in hass aaetion peraonueL A similar 
story lanniaiiitry was gained from the 9th and Mth Infantry Divisions and 
the 1st Arnwred Dirieion. The British reported ahnilar toxie dawnrbanees 
with the «ante curios* tendency of having fewer reactions in nnita which ware 
in forward ar 
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After this experience, the Malaria Advisory Board, AFIIQ, was called 
into immediate session. It decided that 0.2 jjin. was t°° large a dose of 
Atabrine and unanimously recommended that 0.1 gm. be taken on Monday, 
Tuesday, Wednesday, and Thursday of each week. Remarkable effects im- 
mediately were ascribed to this change in dosage, and many rejxiiis of decreased 
tozicity were received. However, the divisions in II Corps which had begun 
suppressive therapy early in April did not receive this order and continued 
upon the dosage of 0.2 gm. twice a week, on Tuesdays and Thursdays. This 
corps reported also an almost total lack of continued reactions so that the 
conclusion reached was that tolerance to suppressive Atabrine therapy was 
developed if the drug was continued, regardlet« of the type of dosage used. 

The spring and summer experience with suppressive Atabrine had pre- 
cisely the effect on tlie program of suppressive medication which the medical 
consultant had feared and expressed before the Malaria Advisory Board, 
AFIIQ. For every individual who reacted physiologically to the early doses, 
there were several others who experienced similar psychogenic—but none the 
less incapacitating—episodes. Actually, when the smoke had cleared away, 
it was apparent that most of the affected people were able to develop a tolerance 
to the drug rather promptly if daily doses of 0.1 gm. or less per day were used. 
The proportion which remained continuously sensitive was less than 1 percent. 
Nevertheless, as a result of the widespread distress, numerous ofioers and men 
feared Atabrine and would go to any lengths to avoid taking it. They rational- 
bed their deliberate and unauthorised discontinuance of the drug on many 
bases. The rumor spread that Atabrine was a cause of impotency. The yellow 
akin infiltration was regarded by the soldiers as jaundice and an indication of 
grave liver damage from which they might never recover. 

Medical officers unconsciously sabotaged the program by expressing, in 
the presence of enlisted men, their doubts of the prophylactic value of Atabrine. 
Many of the troops worked and were quartered in large cities such aa Algiers, 
Oran, and Casablanca, or in other areas where mosquitoes wen scares or 
absent. Neither officers nor enlisted men could see any «as in taking Atabrins 
ander these conditions, and the theater regulation was not enforced. These 
irregularities in taking suppressive Atabrine were evidenced abundantly by 
the frank admissions of malaria patients interviewed by makriokgisU and 
by the casual comments of officers in messes regarding the bottles of Atabrins 
on the tables before these. Thus, the proportion of troops talcing Atabrins 
regularly in IMS is not known nor, consequently, the role of chemical soppres- 
sioa in the picture of malaria morbidity which developed in IMS and in early 
1044. 

A natural result of the uncertain, varilhuing, poorly enforced Atabrins 
policy in IMS was the evolution of a more rational directive for 1M4*   By 

■ a»» fnuwi is, p. as«. 
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this time, more information regarding the suppressive efficacy and lack of 
toxicity of Atabrine was available. The period 1 May to 15 October was 
designated as the malaria season. All areas were to lie considered malarious 
unless otherwise designated, by the area commander concerned and upon the 
advice of his surgeon. Nonmalarious areas were designated as those in which 
malaria did not occur and areas where control measures had effectively removed 
the likelihood of malaria transmission. All military personnel were directed 
to take one 0.1 gin. tablet of Atabrine jar day for either 0 or 7 consecutive days 
a week while in areas which had not lieen designated as nonmalarious. 

The flexibility and adaptability of this directive, reinforced by troop 
training regarding the use of Atabrine, resulted in considerable improvement 
in Atabrine discipline during the tirst half of the 1044 malaria season. Some 
difficulty was experienced when soldiers who had been taking Atabrine regu- 
larly came into "nonmalarious" rest areas; that is, Rome, where Atabrine was 
not provided automatically with tlie rations. This defect was corrected 
promptly. The most serious impediment to the Atabrine program developed 
as the result of successful environmental control operations. The combination 
of low malaria rates and negligible anophelism made the enforcement of sup- 
pressive atabrinixation—and other personal protective measures as well—seem 
useless to officers and enlisted men alike. Thus, during the late months of the 
malaria season in 1944, compliance with suppressive Atabrine regulations was 
not as extensive aa earlier in the year. 

In 1946, the policy was liberalised further by making Atabrine suppressive 
medication (0.1 gni. per day) compulsory only in specially designated areas.** 
Several such areas in the Pb River Valley were thus specified by the Com» 
manding General, Fifth VS. Army. Otherwise, Atabrine consumption during 
the year was limited to occasional units having unduly high malaria rates or 
to individuals recovering from attacks. The 1946 directive was thoroughly 
rational and enforceable and, judging from the results, the moat successful of 
the suppressive Atabrine policies developed daring the 3 yean. 

Ravenna 

The personnel in the special malaria control organisation were not able 
to devote much time to research. This was due not to any disinclination to 
nagagm in such activities but to a lack of opportunity. Daring the winter and 
early spring of the year, typhus control, malaria control training, and pre- 

i control activities occupied the time of its members. After the traaa- 
aton commenced, no time for anything but control work remained. 

The theater was fortunate in having available in the Allied Control Com- 
mission (later Allied Commission) certain specialists (made possible through 

• Bw hvtaatt IJ. i*. SK. 
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the cooperation of members of the Held stuff of the International Health Divi- 
sion of The Rockefeller Foundation), highly skilled in particular phases of 
malaria control, who were able to devote their entire time to working out 
problems suggested by individuals occupied with actual malaria control re- 
sponsibilities. Reference is made to the monthly re|K>rts of the Demonstration 
Unit, Malaria Control Branch, Allied Control Commission. 

The following abstracts are Imsed u|mn investigations made during 1044 
and 1045 by members of the special malaria control organization and the 
Allied Control Commission. 

1. Determination of toxicity of 5 percent DDT in kerosene to 33 members 
of power spraying teams exposed 0 hours per day, fi days per week, from 
1 to 21 weeks each. No evidence of intoxication was adduced from histories, 
physical examinations, and laboratory tests in a general hospital. 

2. Analysis of admission and disposition slieets to determine what pro- 
portion of cases originally diagnosed as fevers of uiuletermined origin and 
febricula were Anally diagnosed as malaria. Of 150 cases in the Fifth U.S. 
Army discharged to duty during each of the following months—June, July, 
August—of 1044, 35 percent were definitely diagnosed as malaria, 10 {lercent 
remained as fevers of undetermined origin or febricula. and tlie remainder 
were distributed among respiratory-, gastrointestinal, and miscellaneous dis- 
orders. 

3. Development of tlie A-20 as a spray plane for the application of DDT 
in liquids. This involved experimentation: (1) with SI-10 CWS wing tanks 
which were discarded because of their mechanical difficulties; (2) the utilisa- 
tion of auxiliary fuel cells (332 gallon capacity) and airscoope leading to an 
atomising chamber wlience the spray was conducted through a discharge tube 
to the tail of the ship and released; and (3) a special 300-gallon tank, from 
which equalised flows were obtained irrespective of variations in the hydraulic 
head within the tank, and an atomising apparatus consisting of a truncated, 
conical aincoop fitted over a simple discharge pipe so that the distance between 
the end of the pipe and the terminal orifice of the scoop could be altered to 
vary droplet sise and pattern. 

4. Development of the PT-17 (Stearman) as a spray plane for tlie appli- 
cation of DDT in hqaids. This utilised a W-gallon steel dram aa a reservoir 
with flow-equalising equipment and with an atomising apparatus similar to 
those aaed on the A-90. 

5. The variable spray patterns and droplet spectra developed by the A-SD 
and the PT-17 aircraft under varying conditions of tesaperatore, wind direc- 
tion, sise of outlet, sad adjustment of atomiser. 

C The duet pattern developed by the A-20 with 25 percent paris green- 
In-dwtomaceous-esrth mixtures under conditions of varying wind directions 
and amounts of dust in hopper. Great unevenness in spread, particularly of 
paris green particles, was noted. 
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7. A study of winter DDT IMMISC spmv'nif; and its concomitant effect on 
anophelines and malaria in an endemic area.:l" A single application of ."> per- 
cent DDT in kerosene (H\\ injr. of DDT |>er square foot) made in midwinter to 
ail houses and outhouses in a certain area with virtually no other nntimnlaria 
measures in effect resulted in reduction in auopheline densities, frequency and 
sin of enlarged spleens, and parasite rates (table 'M). 

TABIK 34.—Knall* of »inter DOT »praying in an t mit mir area, 194» 

Averuav Avi-nitfi>                   Splrrli 
tttH»i4i«'HiM> unopN-UiM-                                    Parasite 

AMU                                                    hrvw «lull« |»f                                                     mir' 
\tn 10 *|iuuv        AvcruVf        kale < 
4|||M yiinl               9l«> 

Xumhtt        XutfUr \'at** /Vrorn/ l*tretnt 
An« tn-atrtl with I)I>T: 

M»y   0.21.   0.003'      I.H 4:t 22 
AUKUHI    .IK ;      .04 j        1.2; 26; 1 

I'nlrwitcd »rcii: 

May   18.00 '  41. 81 ;        I. U j 5» 18 
Auau.t  j 4.00   185.54             2.2 63 41 

1 IWnwr of pmona In any panirubr aa» pwp, or am. In «horn Ihr «ak-ra run he Ml hy pabwi k«i 
: IVnvolatr <«* |mi>ona m any lortlrular «** m»t\K<* an-a. In ahum imWh paraillr* ran br *jund. 

Other Activities 

During the winter months, the special malaria control organization was 
used predominantly for troop training in the principle!« of malaria prevention. 
Home of the malariologists and antimalaria units were employed in 1943-44 
to combat the typhus epidemic which threatened Naples and the Fifth 1T.S. 
Army. At least one surrey unit operated prophylactic stations in Naples dur- 
ing the winter. The remaining individuals and detachments were kept occupied 
in mapping, making watered-area surveys, overhauling equipment, consoli- 
dating records, and in accomplishing such preseasonal control operations as 
were possible. Thus during the season when malaria transmission was at its 
lowest ebb, the antimalaria personnel was serving usefully and in accordance 
with its prescribed function». 

As the theater malaria control organisation expanded, increasing need 
waa feh for discussing technical and administrative problems, for evaluating 
certain procedures, and for exchanging program information. To some degree, 
this was accomplished during the periodic visits of the theater malariologists 
to »alarm control and survey units. It was evident, however, by the end of 
the 1944 malaria season, that a pooling of the highly specialised experiences 

»ID Saaar. V. L., Sale», f. W, Caalal, O. W*M, U A., anal laMM. A.: BaaTrH— •» Aaa.a In 
Daaatty BUFtteS my laa FT—»a— Safari** ft BaUamair IntrrWr» WIM Din la Imn», at Caatrl 
Vattaraa. Hair, la IM4 U aaal «hr THwr Dritn la IMS. An. J. Traa. Marl. ST: m laa, maira. 1S4T. 
(SI Attaaa. T. SL O.: A Staa> at Wtetar UDT Haaai Sataila» aad 1«. Caacaatltant **m aa jka*a*r~ 
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of the malariologists attache«! to major commands would IN* invaluable toward 
making future operations more effective. With tlie ol>ject, tlierefore, of inte- 
grating, coordinating, and improving MTOUSA malaria control activities, of 
interchanging information, and of broadening the perB{>ective of each limlariol- 
ogist by acquainting him with the ex|ierieuee of his fellows, the officer mem- 
bers of the 2055th Malaria Control Detachment were requested to attend and 
participate in a malaria control conference at Naples during November 1044. 
Sessions were held daily for 10 days. The program included a summary of 
theaterwide malaria control accomplishments and reviews of individual pro- 
gram experiences which were followed by group discussion and criticism. 
Presentations were also made concerning malaria control research projects 
which were being undertaken. A compilation of abstracts of the program was 
made and distributed later to those interested. 

The results of the conference justified completely the time and expense 
involved in holding it. The nartici|wnts had develo|ied individual |toints of 
view which tliey propounded with great self-assurance and defended com- 
petently. The deliberate scrutiny and evaluation of each policy and proce- 
dure resulted in tlie resolution of certain generalizations concerning military 
malaria control which summarized the views of the malariologists. Some of 
them are presented in the following sect ion. 

CONCLUSIONS AND SUGGESTIONS FOR THE FUTURE 

The following conclusions regarding NATOITSA (MTOl'SA) malaria 
control experience and recommendations for future practice are not intended 
to reflect adversely on individuals concerned in their development. They are 
presented only with the object of improving military malaria prevention. 
Some of these reflect the deliberations of the malariologists at their 1044 meet- 
ing in Naples; others are the considered reflections of the author based upon 
his experience in NATOITSA and MTOUSA as assistant theater malariologist 
and then theater malariologist. 

1. Physical nonelectiveneaB due to malaria did not threaten significantly 
the success of military operations in this theater. If the invasion of Sicily 
had been accomplished lew swiftly, it is likely that malaria casualties might 
have become • source of esnbarraasment to the Commanding General in the 
fulfillment of his mission. 

2. The principle of aarignmg command and operational responsibility 
to the theater malariologist in addition to his consultant duties worked very 
well in this theater. It centralised the program administratively as the theater 
malariologist was then in position to attach malariologists to major com- 
mands, to control essentially the attachment of antimalaria units, to supply 
airplane larviciding service where needed, and to advise concerning special 
malaria control supplies for the theater. 
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3. Military malaria control has all the diversity of practice inherent to 
civilian nmlarin control in addition to numerous other variable circumstances 
which do not occur in peacetime antimalaria operations; for example, static 
versus mobile populations, restricted versus excluding territories, service versus 
combat and flying troo|>s, und the great increase in nianmnde mos<|uito breed- 
ing places due to topographic damage resulting from combat. Therefore, it is 
not feasible to plan or o|terntp on a highly regimented basis; it is better in 
the long run to |iennit the local malariologists as much inde|>eiideii<*e and 
lilierty in developing and adapting their programs to prevailing conditions 
as is consistent with general theater coordination. 

4. Didactic malaria control training is necessary as an initial incident 
in the educational process, but the process must be a continuous one in which 
the school is the Iteginning and not the end. KlForts at motivating military 
personnel to avoid ex|xtsiire to malaria ami of coin|»ensating for necessary 
risks must be maintained as long as the hazard of infection exists. 

5. More malaria control enlightenment of line officers is needed, especially 
to promote a clear understanding of what their enlisted-men antimalaria details 
an supposed to do. This is especially t rue of commanding officers, particularly 
of company grade. 

6. A greater utilization of medical supervision—perhaps through the 
medium of sanitary technicians—in unit malaria control would contribute 
greatly to the effectiveness of the program, By War Department Circular 
No. 22», dated 21 September 1943, enlisted-men details were to be composed 
mainly of nonmedical department personnel and were under the direct com- 
mand of junior line officers who did not know how to use them. If the enlisted- 
men details could be placed under the technical direction of the medical officer, 
they might be used to much better advantage. 

7. It was the considered opinion of the assembled malariologists, most of 
whom were medical officers, that, in MTOUSA, primary malaria control 
emphasis should be placed on: (1) Environmental control measures, (2) the 
nsa of bed nets, (8) protective clothing and repellents, and (4) suppreaaive 
medication. It is quit« possible that groups of tnatariologist* frm other 
theaters would have given entirely different priorities to these activities. 

8. The subject which provoked the nnt vigorous and sustained controversy 
in the malariologists' conference was the question of how mach malaria control 
ahoaJd be done for troops by the special malaria control organisation and how 
aaach troops should do for themeelvea through the medium of enlisted- 
amhnalaria details. Except for the general proposition that b*tk enlisted- 
details and antimalaria «nits were needed, there was no general agreement as to 
their relative importance and dependability. In this theater, it was certainly 
true that malaria control could not be left ent i rely to enlisted-men details. The 
individuals assigned to this doty in many instances had little or no interest in 
it; many of them had other duty assignments that not infrequently superseded 
malaria control.   Some of the men were inefficient and laxy.   Frequent changes 
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occurred due to promotion, transfer, or the unpredictable notion of their com- 
manding officers, so that there was much turnover and discontinuity in their 
work. They were commanded by officers who often were not well-indoctrinnted 
with the importance and nature of their malaria control responsibilities. 

Nevertheless, most of the environmental control (mainly DDT spray kill- 
ing) in forward areas was done with enlisted-men details, and some of them 
performed magnificently under tire. The commanding officers of forward 
troops are rarely convinced of the urgency of malaria control units and are 
more prone to consider them unnecessary liabilities which have to lie rationed, 
sheltered, and guarded. Thus, it is necessary under these conditions to de|«nd 
primarily on the enlisted-men details, enhanced, wliere possible, by trained 
malaria unit personnel. 

On the other hand, it was the general experience in this theater that in the 
relatively static rear areas a much higher quality of diversified malaria control 
program could be carried on through the use of native labor, labor troops, or of 
consolidated enlisted-men details working under the direction of malaria control 
unit personnel. 

9. It was generally believed by the malariologic personnel in this theater 
that the malaria surrey units and malaria control units as defined in 1944 were 
too small to accomplish their objectives efficiently. They were dependent upon 
larger units for rations and billets, and an unreasonably high proportion of 
their enlisted men component was needed for unit administration. It was sug- 
gested that several units might be attached to a higher coordinating headquar- 
ters for more effective utilization of unit personnel, or that larger, more 
self-sufficient units be organized. In 1945, the tables of organization and equip- 
ment for a medical battalion headquarters which might be used to consolidate 
antimalaria units were published, but this action was to late to be of use in 
MTOUSA. Since the end of the war, self-sufficient preventive medicine com- 
panies hare been authorized, the functions of which include malaria survey and 
control." 

«•it» TIMM W oummm —a itmfiit» se», at a»t. ie44.  niTiumtorpi 
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CHAPTER VI 

Africa-Middle East Theater 

Mn r. H. Rehn, Ph. D. 

In Africa and th« Middle East, U.S. military strength was small, and 
troops were spread over an enormous territory. Although some combat 
occurred within the area, American activities, with the exception of air combat 
forces, were fundamentally those of transport, supply, and liaison. Tortuous 
supply routes, particularly for air transport, necessitated numerous bases. 
Many of them were of an emergency or secondary character, and were lightly 
staffed. While some portions of the area were as malarious as any in t lie world, 
others were nonmalarious. As geographic, climatologic, and biologic condi- 
tions were very diverse, the programs developed were, in general, to meet local 
conditions. Administrative commands and boundaries were frequently 
changed, so that a decentraliied method of malaria control and prevention was 
followed. 

The discussion of malaria in the Africa-Middle East theater * is divided 
into a general consideration, supplemented by more detailed accounts of activi- 
ties in Liberia and in the Persian Gulf. This division has been made because 
of biologic and administrative differences in iheee areas and because of limi- 
tations of available information. 

The Liberian area had considerable contact with Central and other West 
African areas. Moreover, more detailed information m available for it and 
certain other small anas than ia obtainable for the whole region. The Persian 
Gulf area, in addition to its geographic separation, differs significantly from 
all the other areas and within itself shows considerable diversity. Each of 
these areas was an independent command for at least a portion of the period 

In addition to a diacMsion of the general development there has been 
appended a brief resume of the growth of the Air Transport Command and 
—01 anted service commands. Because of their virtually independent develop- 
ment, a combined account might present a confused picture. 

• Bmctr* ■• ilkmk Mtatratr*, **u I* tkt» rtipin «t* 4M4V*4 (ma: MllVk. K. W.. aa* Vlrivrr. 
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MILITARY DEVELOPMENT 

General Considerations 

Oil 13 Septemlier 1941, the President of the United States, in n memoran- 
dum to the Secretary of War, requested that arrangements lie made at the 
earliest practicable time for the establishment and operation of depots in the 
Middle East for the maintenance and supply of American aircraft and all 
types of ordnance furnished the British in that area. The LT.S. Military North 
African Mission was immediately formed and sent to Egypt, where it arrived 
in Cairo on 22 November 1041. Contact was made to select housing, develop 
plans, and choose sites for bases. British, civilian, and captured records and 
reconnaissance surveys of Eritrea, Egypt, Anglo-Egyptian Sudan, and Pales- 
tine were utilised. In Egypt, the projects included ordnance shops as well as 
engineer and signal repair installations. Smaller scale activities of a similar 
type were planned for Palestine. At Port Sudan and in Eritrea, it was pro- 
posed to have Air Corps repair depots, ordnance repair simps, a naval base, 
and port facilities. 

Since the United States was at that time a nonbelligerent, the Army could 
not build and staff the proposed installations itself, but it was responsible for 
the planning and supervision. The President had written: uThe British au- 
thorities should be consulted on all details as to location, si» and the character 
of depot and transport facilities. Their needs should govern.** 

The Japanese attack on Pearl Harbor changed the status of all U.S. Army 
activities. Construction was accelerated, militarisation of the Mission between 
10 April and 10 June 1042 was accomplished, and the region was consolidated 
into a theater of operations known as USAFIME (VS. Army Forces in the 
Middle East). Service commands were organiaed in the various areas. The 
Iranian Mission was included among USAFIME. When Egypt was jeopar- 
dised by the campaign in the desert in June 1942, the Trans-Africa Road Re- 
connaissance Party made an investigation of a supply route across Africa on 
the southern fringe of the Sahara Desert from Khartoum in the Anglo- 
Egyptian Sudan to Lagos, Nigeria. Seven oat of ten of the reconnauMance 
party contracted malaria. Fortunately it was not necessary to develop this 
alternate route. 

The VS. Army Middle East Air Force was established on 28 June 1942 
and on 12 November was designated the Ninth Army Air Force, while the 
UA Army Ground Forces in the Middle East was organised on 16 August 
1942. 

A reorganisation on 11 August 1942 resulted in the forming of the Eritrea, 
Drha, Levant, and Persian Gulf Service Commands (map 14). The Libyan 
Service Command, which originated on 7 December 1942, functioned until the 
end of May 1943 (map Ifi) and was then divided into base commands. 
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MAP 14.-17.8. Anajr Tnrxtv la thr Middle Kn »I. JariwIh-thHuil MMIK 1W2. 

By 13 May 1943, all organised resistance in North Africa liad ended. 
Preventive medicine, with the problem of malaria control topping the list, 
had been of the greatest importance in all operat ions. 

The haae commands established in the former Libyan Service Command 
were disbanded in September and November 1943. The Sues Canal Port 
Command was discontinued as a separate entity, and all were reabsorhed into 
the Delta Service Command. 

In September IMS, the U.S. Army Forces in Central Africa were incor- 
porated into the USAFIME and rcdesignated the West African Service Com- 
mand. U.S. Forces in Liberia came into the theater without a change of 
name. The Persian Gulf Sen-ice Command was split off to form an inde- 
pendent command in December 1943 (map 1«). Thus, activities were spread 
from Senegal in the west to Iran in the east.   Tlte Air Transport Command, 
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with its isolated bases scram the continent of Africa, added to the malaria 
problems of the theater. 

General retrenchment followed in 1M4. Malaria was under control in 
moat of the theater. Active fighting had moved far enough from the Middle 
East to render the theater of USAFIME one of communications rather than 
of combat. The original Delta Service Command clianged into the Middle 
East Service Command on 16 February 1044. US. Forces in Eritrea regained 
a certain amount of independence later in the year, when they were again 
designated the Eritrea Base Command (map 16). 

Early in IMS, the jurisdiction of USAFIME was greatly expanded.   The- 
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ater boundaries were extended tu include not only the whole comment of 
Africa and the Middle East but also a sector of Antarctica with its apex at 
the South Pole. The name of the theater was changed on 1 March 1945 to 
the Africa-Middle East theater. Those installations in French Morocco, Al- 
geria, and Tunisia which joined the theater in March were organized im» 
the North African Service Command. 

A reduction of theater activities occurred as a result of victory in Europe, 
but it did not eliminate air traffic to India and China. It greatly stimulated 
air travel from Europe to the United States by way of North Africa. 

After 2 Septemlier 1!M5, V-J Day, the Africa-Middle East theater pro- 
ceeded on a rapid reorganization program, and by the end of the year most 
of the troops had been withdrawn. 

MAr 1«.- UJ». Araj Force* la the MMdfe Eaat, Jarlailk-ttoaal Map, 1044. 



306 rOMSII Xlf.\»I.K 1UXKAHK8 

Air Transport Command in Africa 

The U.S. (iovenmieiit was interested in the «Hivery of airplanes to the 
Allies in tlte Middle and Far Kant. For this pur|Mwe, Pan-American Airways 
had been commissioned to establish a route for the traiuqiortatioii of aircraft 
by way of Africa to the Middle Fast. The route passed from Brazil to 
Liberia, through tlie (Sohl Vmmt, Nigeria, A aplo-Egyptian Sudan, Egypt, 
and Eritrea (map 17). Ijiter, it was extended through Aden to India. By 
IS December HMiJ, tlte Air Trans|>ort Command was operating the full route. 

When the British Eighth Army was driven eastward to the Nile Delta 

Ml 
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in the spring of 104a, tlie vulnerability of this air route became apparent. Tlie 
War I M-jHti-i iin-nt decided to linil an alternate route anil chose one which ex- 
tend«! front Natal, Brasil, to Ascension Island, to French Kqnatorial Africa, 
the Belgian Congo, Uganda, and Abyssinia to Aden, and this grouping of 
airbaneu was organized a» tlie U.S. Army Forces in Central Africa. 

During 194:1, the Air Trans|iort Command grew »ltd became more firmly 
establislied in Africa and Asia Minor. Tlie Africa-Middle East Wing was 
reorganised into a North African Wing and a Central African Wing. 

U.S. Army Forces in Central Africa closed tlte partly developed Soutltent 
Trans-Al -icait Air Route in 1943. Its activities came under tlie jurisdiction 
of USAF1ME on 15 September 1943. 

The Central African Division, Air Transport Command, was inactivated 
and closed its stations in June and July 1945, and tlie West African Service 
Command was inactivated on 30 June 1945. Remaining activities were placed 
under control of tlie North African Service Command. 

U.S. Army Forces in Liberia 

The mission of U.S. Army Forces in Liberia was to construct and main- 
tain airfields and associated transport facilities. In August 1941, the UÄ 
Government contracted to establish aerial service through points in Africa. 
Construction was started at Roberts Field, Liberia, and continued until 31 
December 1942, when all material was turned over to the ILS. Army Forces. 
The original plan to use Bathurst and Gambia, British West Africa, was aban- 
doned in late 1941, and material was directed to the shores of Fisherman 
Lake, Liberia. 

A defense agreement was signed by representatives of the United States 
and the Liberia» Government on 31 March 1942. The first task force arrived 
in June 1942 and was concerned with airfield construction and with preparing 
for the larger defense force. The other task force arrived on 11 March 1943. 
In addition, the Liherian Government was assisted in reorganising, training, 
and equipping the Liberia* Frontier Force. 

On 26 February 194», the VJS. Army Forces in Liberia was inactivated. 

Persian Gulf Corasnuud 

On ST Ssptasnsur 1941, as the result of a Prswdilml directive, tau U A 
Military Iranian Mhuinu was established to include the Iranian Engineer Ds> 
trict, North Atlantic Division, and to snppsMsant the «torts of the British 
hi the Persian corridor. The mission arrived in Baghdad, Iraq, on 
SO November 1941. 

Entry of the United States into the war did not at fir« alter the organi- 
sation setup, but the territory of the VS. Iranian Mission was changed to 
•winde India on 4 April IMS. 
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Tlie activities of tlie U.S. Military Iranian Mission included tlie con- 
struction or reconstruction of approximately 1,000 miles of all-weather road; 
the building and operation of airplane, truck, and barge assembly plants; 
and the development of port facilities. 

The VS. Military Iranian Mission was discontinued on 24 June 1942, and 
the area was redesignated and established as the Iran-Iraq Sen-ice Command 
of USAFIME. On 13 August 1942, tlie Iran-Iraq Service Command was re- 
designated and established as the Persian Gulf Service Command with its 
geographic limits fixed as embracing Iraq, Iran, and those parts of Arabia that 
border on the Persian Gulf. In order to facilitate control and supervision, it 
was divided into territorial areas on 1 September 1942. The Persian Gulf 
Service Command was put under the jurisdiction of tlie Services of Supply, 
USAFIME, when the latter was established on 4 November VM2, and was 
relieved of this assignment on 20 January 194.'). 

After the Teheran Conference, tlie Persian Gulf Service Command was 
redesignated the Persian Gulf Command and was removed from the jurisdic- 
tion of USAFIME. At this time, U.S. military activities in all of Saudi 
Arabia came within the jurisdiction of USAFIME. 

The mission of the Persian Gulf Command—the transportation of materiel 
to the U.S.S.R. from Persian Gulf ports across Iran—was declared accom- 
plished on 1 June 1945. Effective on 1 October 1945, this command became a 
subcommand of the Africa-Middle East theater known as the Persian Gulf 
Service Command. The Persian Gulf Service Command closed suddenly, and 
all personnel were evacuated on 31 December 1945. 

AREA CHARACTERISTICS 

The Africa-Middle East area may be divided for purposes of description 
into two regions, Ethiopian (Africa) and Palaearctie (map 18). 

The tropical African area may be divided into a number of distinct bio- 
logic anas.* The moat important of these is the immense West African region. 
Within this and the East and Sooth African regions, secondary divisions are 
readily evident. Because of the large nasaber of distinct biologic areas and 
the sparse troop population present, detailed statements concerning all these 
divisions an not required hem. However, generalisations and discnssion of 
festeres at some points of troop concentration may be of interest. 

The coast of West Africa is bordered by a wide belt of virgin tropical forest, 
which, however, is broken by the clearings of the local population. To the 
north, the forests continue in open savanna woodlands, grassland interspersed 

' (WinpMnl ■—*■—> Serin, rmd Eaaaterlal Afrim aat Cam-MMM, Grmt Brltala Admiralty. 
Karal lawniawi Urtataa. Puittn IMS. 
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with isolated group« of tree«, Mid forest-fringed river courses. The regioB 
then pass» into the Sudan Plain which is corered with deciduous brush and 
thorn.1 

In the Sudan itself, there are two distinct areas, the southern forest, which 
has an average rainfall of 40 to 80 inches a year and which is composed of 
plains overgrown with dseiduous trees, and the more northern districts, with 
rainfall of SO to 40 inches a year, characterised by thorabuah-oorered plains. 

The rainy meson begins in the coastal districts in April snd continues to 
the middle of July. This, in turn, is followed by gradually decreasing rains 
mm tended in October by s short rsiny season. The driest period of the year 
is from December to March. 

•Maitaaa, 0„ MS Karate«*, O. <aSMe»>: Tee Afrteaa Baaaaoek, A Qatar te WMt, Seatk, ual 
■MAIrlH.   SiaaWfaa.   fnln:Offt ABtm|H Cowl»,US., IMS. 
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In the Dakar area, French West Africa, rainfall is relatively lijrht (from 
25 to 30 incites a year), and summers are warm. 

In Liberia, the humidity generally is high. The dry season,extending from 
December to March, definitely is the hottest. The wet season, which extends 
from April to November, while not cool, is less hot. Throughout this area, 
seasonal differentiation is into the wet and dry seasons, rather than into sum- 
mer and winter.* 

The Gold Coast has n hot and damp climate. Rainfall, however, is less 
than in other regions of tlte coast. The dry and rainy seasons are clearly de- 
lined. The latter starts in March and continues until about the end of June. 
A short and comparatively dry season ensues until the beginning of September, 
when the rains recommence and continue until the end of October. The dry 
season lasts from November to March." 

In Nigeria, the coastline is backed by a belt of swamp and mangrove 
forest from 10 to 60 miles in breadth which is intersected by the various arms 
of the Niger and other large rivers and streams. Beyond the forest zone is a 
broad section of more or less ojien country, consisting of savanna and parklike 
land. Most of the country is an undulating plateau which rises to an average 
of about 2,000 feet and is interspersed with isolated hills. 

The Belgian Congo is a broad belt of almost impenetrable primitive forest 
stretching with scarcely a break to about the fourth degree of south latitude. 
This virgin forest is bounded to the north and south by parklike land, brash, 
and grass savannas. 

Palaearctk Region 

In the Palaearctic Region of the Africa-Middle East area, a number of 
distinct sones may be recognuu I. In a general broad category can be placed 
all the area bounding the southern and eastern shores of the Mediterranean. 
This semiarid land occupies a strip between the coast and the interior deserts. 
As exemplified by Palestine, although the actual time of arrival of the rains 
varies from place to place, conditions are as follows: There is seasonal rain- 
fall, beginning about the middle of October and lasting until the middle or 
and of Maren. During April, there are a few spring showers, and from than 
until the end of October there u practically no rain. The country has really 
only two seasons winter and summer. Throughout this country, January 
it the coldest, and August the hottest, month of the year. In general, the 
relative humidity is highest during the rainy mason and lowest in May and 
October. Along the actual coast, the humidity is high throughout most of the 
year. 

, BMbari T. «attar) : Ta» Afrtm ■ M*HL- «T Uanla aad Tfw Bctftaa On» Bnrf «a 
IS* Otiiiiclli.i MM» mmt Material CMtoetnl Darta* tW Hamrf Africa» »■»«■111.«, ISSa-ISST. 
milHIsi: Uarrara Cshvnltjr PKM, ISM. T«4. I. 

■ FWantiW. Water: Africa: SVwcitr aad V»Ittleal OfaaTaaar M lti Majar Bcstma.   X*w Xark: 
K, r. Dattaa aM Ca. lac ISM. 
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The general Nile drainage urea, at least that portion occurring in Egypt, 
is an intensely agricultural section which has numerous problems peculiar 
to itself. Irrigation undoubtedly is one of the main factors contributing to 
the presence, of malaria in this region. 

In the Persian Gulf area, three major distinctions may be made. The 
first of these is the actual coastal area, where littoral conditions contribute 
greatly to the malaria problem. Inland, one first finds large reaches of arid 
or semiarid lands in which malaria is not widespread but is confined to those 
areas in which irrigation is practiced or in the vicinity of oases and wells. 
Continuing furtlier inland, one readies the mountainous and plateau section. 
In this area of the country, which is well watered, malaria is present but 
usually not hyperendemic. Irrigation, as well as the many natural water- 
ways and basins, supplies the potential and actual breeding location for the 
various Anophefo* vectors of malaria. 

Tables 35 and !M> show average temperature and precipitation at selected 
localities. Tliese give some approximation of meteorologic conditions at some 
of the more important centers of troop concentration. 

LOCAL POPULATION 

Throughout the areas, local populations represented several races and 
numerous distinct tribal stocks. In West and Central Africa, various indig- 
enous tribes of Negroid stock, employed as unskilled labor, were closely 
associated with American troops. The degree of association varied from inter- 
mittent to almost constant, depending upon the condition at the particular baas. 
In some cases, local residents were not allowed in the controlled areas except 
while working, but in other localities entire villages lay in close proximity to 
troop quarters. 

In Northeast Africa, posts and camps wen usually situated along transport 
and communication lines, in or near towns or cities. Here, again, the resident 
population (Egyptian, Arabian, and Hamitk) was utilised for labor. There 
must have been considerable contact during working hours under a variety of 
conditions.   In the Levant, conditions resembled those in northeast Africa. 

The Persian Gulf area, with its problem» of transport and supply, neces- 
sitated close contact with the resident population. Here, labor forces and such 
skilled personnel as were available were utilised by the Army. Without doubt 
here, too, there was close contact with the indigenous population. 

Living conditions among all types of population, whether Negroid, Ara- 
bian, Persian, or other, were generally substandard. There was a lack of even 
the most elementary sanitation, and health conditions were, in general, poor. 
Malaria control was usually nonexistent. In some areas, malaria was looked 
upon as the will of Allan and, therefore, beyond the means of mere mortals to 
comprehend or control. Adding to this the diversity of Anopkele» rectors 
and their varied breeding habits, one can understand why malaria was a major 
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problem in much of the area.    Because of lack of education, information, 
and initiative, many other diseases were also widespread. 

MALARIA ENDEMICITY AND POTENTIALITIES 

Africa and the Middle East are well known for their areas of malaria 
endemicity. Before American occupation, antimalaria work and malaria 
Hurveyg had been carried on throughout considerable portions of this territory; 
however, there is not sufficient information to present an accurate map. Tlie 
effect of malaria on this area is difficult to measure." Enough work has been 
done and enough experience gained to show that malaria occupies a high 
place, if not the foremost, among the infective diseases causing mortality and 
morbidity in the indigenous populations. It plays an outstanding part in 
hindering the progress and social development of the people and in retarding 
the advancement of industry and trade. Up to the time of World War II. 
the prevention or control of malaria, with some notable exceptions, had been 
attempted only in populations inhabiting comparatively circumscribed areas, 
in urban districts, in large engineering or industrial projects, or in some areas 
of European farming settlements. In British colonial territories antimosquito 
measures had been practiced in the main townships.' In and around airports, 
considerable antimosquito measures were attempted.1 Elsewhere, some steps 
lud been taken to break the mosquito-man-moequito cycle of the parasite in 
European homes by the use of screening, bed nets, and insecticidal sprays. 

Africa as a whole is highly malarious. There are, however, portions of 
the Union of South Africa, vast stretches of the Sahara Desert, and various 
mountain areas in which malaria is definitely absent. Fatcipantm malaria is 
the most important variety in tropical Africa. 

The entire Mediterranean coast of Africa is malarious, ranging in degree 
from low to high endemicity. Malaria extends southward into the great desert 
in several isolated oases. Throughout the huge Nile drainage system, malaria 
is endemic. Around the Sues Canal and on both shores of the Bed Sea, it is 
also endemic. This condition extends down most of the coastal lowlands of 
east Africa. One main exception is the desert area of British and Italian 
Somaliland.  The West Coast of Africa is also notoriously subject to malaria. 

Throughout the great west African region, which encompasses primarily 
the Guinea forest belts and associated savanna land, malaria reaches hyperen- 
domic proportions, Endemicity gradually taper« off until it is completely 
absent in the southern reaches of the Sahara Desert. West Africa has s sinister 

• Malaria Uadtr AMcaa CiaUtliai, Qaart. BaS. Raalth Or».»., lai« mt Kattaas 1: lia-l 1X 
Match IMS. 

' bar* Balaqr: Alttaaa Sarrtjr, A Btadr * Pmaaw .tiMai SMta mt the Sahara. laaarf mt tt* 
(^■Britta* ef the Afrteaa Katarrh Saror I'aaVr Aeaatwa mt The Kajral laitHate mt limnttaal 
Alain.   Xtw Tar*: Oaf eni ralrrraitr Prim IMa. 

»PfTiiiaiiat mt a MeMral *m%tr for AIMar Oaeratleae la Africa. War Mat. S: «MOT: 
eia-aM. Mar-Jaa» MM. 
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reputation in the matter of health. In this urea, malaria in probably the most 
important cause of morbidity, inefficiency, and premature deaths. Nearly 
every member of the indigenous population is infected with malaria early in life. 

Throughout British East Africa, malaria is prevalent but does not reach 
tlie proportions found in west Africa. The plateau section, although mildly 
malarious, does not offer suitable conditions for the hyperenclemicity found 
further to the west. These conditions prevail in n southerly direction past 
the points where American troops were stationed. 

Throughout the Levant, malaria is present to a varying degree. Some 
areas of hyperendemicity are known, but for the most part, moderate to slight 
endemicity is the rule. A considerable amount of antimalaria work was done 
in these countries before they were occupied by American troops. 

In the Persian Gulf area, malaria is widely prevalent and often highly 
endemic, especially in the low coastal regions. 

In addition to these generalities, the following more detailed informa- 
tion on areas where troops were stationed is of interest. 

French West Africa 

In the Dakar-Rufisque area of French West Africa, from 24 to 54 |iercent 
of blood smears from local residents were positive for Platmodium? Game- 
tocyte indices averaged 0 percent in total examined and 28 percent in children 
between the ages of 5 and 10 years. On the Yoff Peninsula, surveys among 
the indigenous population showed 90 percent infectivity with a 0-percent 
gametocyte index. Of 407 positive blood smears, P. falciparvtn was identified 
in 388, P. malarUie in 25, and P. viva» in 6. Twelve blood smears showed 
mixed infections. 

Liberia 

Liberia is a country where malaria reaches hyperendemk proportions. 
Parasite surveys " included individuals living on or near the Firestone Robber 
Plantation, where control measures had been in effect (tables 37 and 88). 

Parasite surreys were made in IMS in villages near troop installations," 
and, of 24H8 blood smears studied, SO percent showed P. fatri/mrum; &2 per- 
cent, P. malmrim; and 2 percent, /'. vim*. Similar examinations made in 
August 1968 revealed 181 out of 087 smears, or 23 percent, positive for malaria 
parasites. 

•■»»art. MaJ. AIT« J. rwra. MC. Aaat. MalarMatM. rSAnVB, to Ciaianaila» Oravral, 
tTSArtMB, Cab*. Karat, attaatlaa: Ts» CMrf Marina. 4 !«•». 1*44. aaaj*rt: Bcaart a» Malaria 
Caatral Aetlrttfea at C.8. Amy laataUatlaaa la Writ Afrb-a. )MI  IHI    Part IV, Fnaa W*at Africa. 

» (li Sartor. M. A„ Me», J. B.. aaa> Brawa. J. V.: Malaria StaoVa «a fa» flraataa» aaaaar 
Ptaatatba la Latorla. Waal AfrW. Am. J. «n IB: •»!-«.«. Majr IMS. Ill MvaVal aa4 Saaltarr 
Data aa IJa»rta. I'MHM trjr Mraaml latHlla*an> Hraara. IT»tp»tlr» MnHria» IHrlalaa. OOr» «i 
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TABLK 37.- -Malaria parnnilr iltiltx. Librrin, lU.il 

3 to 4 month». 
5 to 11 month» 
1 to 4 years. . 
5 to 8 year»  
9 to 12 year». 
13 to 15 yearn.-- 
ltt voarx »i>d over.. 

Amroapa '  Numr*r viam- 
Imd 

lVnvnt iMMhivc 

4 50 

-1                   3 100 
.!              :« '.17 

:«! !»4 
_!                 4)1 •Mi 

■      -1               '" 88 
...   J                670 75 

AH ago». 811 

TABLE 38.—Malaria parantt indrr, I.iatria, 1042 

A« poop« Numtor Pnw nt |m4tlve 

Infant*.. _    . .   - 
Children 
Adult«  

-   -   -           -■- -- 

« 
35 

380 
71 
:« 

All »PO- ......         .   .       ..   . 421 38 

In accordance with the usual findings in hyperendemic arena," ■ high 
proportion of the infants (83 percent) and children (71 percent) were found 
infected, the adults having a materially lower parasite rate (34 percent). Simi- 
lar relationships were observed between gametocyte prevalence and age. The 
infants showed a much higher prevalence (50 percent) than children (3 per- 
cent) or adults (1 percent). Numerous other surveys substantiated these 
findings." 

British West Africa 

The Gold Coast is also subject to hyperendemic malaria. Surveys of chil- 
dren in the region have shown about two-thirds of them to be infected with 
P. fmkiparmm and to have gametocyte rates exceeding 15 percent.M 

The annual malaria rat« for European personnel of the British Army in 
the Accra District in the period from 1 September 1941 to 31 August 1*42 

■■tin! : Malaria « »art Ma). Jaatla M. Aaamrm. SaC t. Chief B*aKa OUrrr, S Ittj IMS, i 
AmaMsattaaa at* IwaMwfcttm tar Malaria Coatral at S«*irt» PMd Ana. 

»Aaaaal Malaria Baawrt. 1*44. (Bcaort at Malaria Cmtral at l\B. Anay laot alia tie» la Wnt 
Africa, 1S41-1S44, Pari III: Uattta. W«M Afrtra. Huamrtm. Mtatral C«*a|M*lte lalt« (Malaria 
limi aa4 Caatnl trail.). IS Jaa. IMS.) 

"fttaert, MaJ.  UKMaa  run«. MC. t» la* Caaaauadta« dnanl. USAFIMB. CalM, Karat, 
attrattaa: TW CMaf la 1 Mar. 1*44. »aajnt: Uraart at Malaria Caatral at U.S. Anajr IaauBa- 
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was 102.6." From 50 to 75 percent of the children from *2 to 10 years of 
age in the. district villages had enlarged spleens. Children under 5 years of age 
invariably were found to have garnet ocyte rates of 90 percent or more. 

Egypt 
During the period from August to December 19.M5, a survey was made 

of three general areas in Egypt:"'' The valley of the Nile, including Fayum; 
the Oasis of Siwa in the Western Desert: and the Suez Canal Zone. Malaria 
was found to be widespread in the Nile Valley: no locality of Lower Egypt 
proved to be malaria free. Both the parasite rates und the percentage of en- 
larged spleens were low in many places, but in villages near rice plantations 
or large bodies of fresh water they were usually high. High parasite and 
spleen indices were found in the Siwa Oasis and in the Suez Canal Zone. 
/*. vivo* predominated in the majority of localities, but /'. faMpurum occurred 
in nearly all jwrts of the territory. P. malariiie was not found in the Nile 
Valley and was rare in other Egyptian areas. Tlie spleen index was generally 
lower than the parasite index. The villages in Lower Egypt (the Delta, be- 
tween Cairo and the Mediterranean) had an average |iarasite index of 7.2. 
The average |>arasite index of all examinations was 21.1 percent—an index 
probably too high tobe representative of the whole valley. 

Palestine 

General surveys throughout various portions of the country obtained 
the following figures:" Among Jews, the Pla*mtodh$m index was 4.6 percent 
and the enlarged spleen index, 20.1 percent; among Arabs, the Plmmodinm 
index was 12.5 percent and the enlarged spleen index, 62.5 percent; among 
Bedouins, the PUumodwm index was 32.5 percent and the enlarged spleen 
index, 58.8 percent. In Palestine, surveys made between 1922 and 1924 showed 
the relative frequency of various types of malaria to be: P. rivtut, 69.13 per- 
cent ; /*. falrijmmm, 29 JO percent; and P. malariae, 1.57 percent. In epidemic 
periods, however, as for instance in 1922, the findings were: P. virtue, 58.6 
percent; P. fakipanm, 4«».3 percent; and /*. malaria«, 1.1 percent. 

Iran 
In Iran, "blood surveys in 1934 showed from 10 to 25 percent of the popu- 

lation to be harboring malaria parasites. Examination of ÖJW0 patients dur- 
ing a 6-month period (from the middle of May to the middle of November) 

■ »urn, MaJ. O. J. a. MMSMSM. laaaaa MnNral Strrfcr. to Brfcr. Om. Inn S. Ha—a». MC. 
Mix toe, Prmathr* IMWM DMataa, oav» «r Ik» Sararaa Omral. 1 Dec. IMS. «Um: SaauMrr 
af a—art aa Malaria la tfe» Arm OMrlr«. 

"Barker. M. A_ aai u». J. B.: Sarrrr «f Malaria la Kor**. Am J. Tra». Mr*. IT: 413-«*«. 
Mar INT. 

" KltaVr. IaraH J.: Elllfliligy aad Caat ni at Malaria la Pakatla*. Calm«.: Tka UatrmUr 
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disclosed 48 jiercent as having had malaria, 75 percent of which was caused 
by P. t'li'ttx, 20 percent by P. malariue, and 5 percent by /'. fahtponti». Sur- 
veys made while American troops were present showed the proportions of tlte 
various kinds of malarial infection as follows:'" /'. eirar, 80 percent; P. falci- 
parunu 14 percent; P. malarku. mixed, and unclassified infections, 6 percent. 
No surveys were ]iermitted in Azerbaijan and Caspian areas of nortltero Iran 
which were under Russian control. 

VECTORS 

In the Africa-Middle East area, at least 75 species of Anophrlt» have heen 
recognized. Some of these are rare, and many do not transmit malaria. The 
malaria vectors have received considerable study, and a wealth of information 
about them has been published. The following species of Anopheles are be- 
lieved to be of importance in the transmission of malaria in Africa-Middle Kast 
areas occupied by American troops: 

Anopheles elaviger bifureatu» Meigen 1904 is found in Europe, northern 
Africa, Asia Minor, and Turkestan. Larvae breed in marshes, rock pools, wells, 
and cisterns. In Palestine, this species commonly enters houses and bites 
humans freely. Elsewhere, it rarely enters houses or feeds on man. It is the 
moat important urban vector of malaria in Palestine and Syria but is not con- 
sidered important in other areas. 

Anopheles fvnritu* Giles 1900 is widely distributed throughout tropical 
and South Africa, occurs as far north as Abyssinia, and is found on Madagascar 
and Mauritius. 

A. funettv* usually breeds in large or fairly permanent bodies of clear 
water, such as swamps, weedy banks of streams, riven, ditches, protected lake 
shores, or long-standing seepages. Some shade is usually preferred, but not 
deep forest shade. As the breeding places of A. /vMinu are often more per- 
manent than those of -4. gambku, the former tends tobe associated with endemic 
rather than epidemic malaria. 

The adults readily enter houm in large numbers where they feed on human 
blood. Work in Kenya has revealed that 40.8 percent of the blood meals ex- 
amined wen positive for human blood and that over 68 percent of those show- 
ing any definite reaction reacted only to human blond. Preference for the blood 
of Africans was suggested by the results of some experiments. Other work h*i 
shown that A. fmnettu* is attracted more strongly to a human sleeping in a con- 
fined space than in the open. In all-night catches, it was found that the greatest 
number of females entered quarters at about MOO. Although A. fvnestut 
adults may be taken as far as 4% miles from the nearest breeding place, 80 per- 
cent are found within a %-mile radius of this site. 

»A K«rr»tlw Hinter? «T MnHral  Artlritln la ihr IVrataa Half ivaaairf.    IINBHal iwart.l 
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A. funestws is an important vector of malaria, although often secondary to 
A. gambiae, where both occur. The following natural infectirity rates repre- 
sent the percentage positive for sporozoites in the salivary glands: Sierra 
Leone:Kissy,4.1 percent; Liberia: Firestone Plantation, 1.9 percent; Nigeria: 
Gadau, 3.5 percent; Ibadan, C.9 |iercent; Lagos and vicinity, 12.8 percent; and 
Belgian Congo: Stanleyville, 4.2 percent. Many areas in East nnd South 
Africa show rates which vary from 0.2 to 27 percent. 

Anopheles gambiae Giles 1902 is found throughout tropical Africa and in 
South Africa except in the desert regions and high mountains; it is also found 
in Arabia, Madagascar, Reunion, and Mauritius. It has invaded and has been 
driven out of Egypt and Brazil. 

A. gambiae larvae are found in puddles, shallow ponds, borrow pits, hoof- 
prints, and ditches in sun or light shade. 

A. gambiae feeds mainly on human blood, and enters dwellings in large 
numbers in most regions where it is prevalent. In some towns, it is the only 
domestic Anopheles, and, in many ureas, it may represent 95 jiercent of the 
domestic Atiophelex population. In regions where A. funrxtu» is also common, 
the two species togetlier usually constitute 90 percent or more of this population. 

Much research work on A. gambiae indicates a strong preference of resting 
females for inhabited dwellings. However, appreciable numbers may enter 
houses unsuitable as resting places, in order to feed and then leave. Observa- 
tions in Kenya determined that this species had an anthropophilic index of 
78 percent. At Lagos, 82 percent gave positive reactions for human blood even 
in examinations made of sjieciniens caught in buildings in which both cattle 
and humans were sheltered. It has been found that where the species is abun- 
dant it frequently feeds in the early hours of the evening. At Lagos, all-night 
catches showed that while biting took place from sunset until sunrise, the peak 
of biting activities orrurred between 0200 and 0400. This species has been 
found biting freely out of doors during the time of activity. Adult dispersal 
of at least one-half a mile is common, and at times individuals have been found 
as far as 3 miles from their breeding place. 

A. gambiae and A. fvneattu are the two most important malaria vectors in 
the Ethiopian region. (Both are also important vectors of Aiariasia.) The 
following records show natural infeetivity rates for this species and represent 
the percentage positive for Plasmodium sporoaoites in the salivary glands: 
Sierra Leone: Freetown, 8 percent; Kissy, Hi percent; Liberia: Firestone 
Plantation, 3JS percent; Nigeria: from 7.4 to 9.6 percent; Yaba, 4.6 percent; 
Lagos and vicinity, 6.6 percent: Ibadan, 13.1 percent; and central and east 
Africa, various stations, 0.7 to 11.5 percent. 

Anophelt* gambiae melon Theobald 1901 is found breeding in brackish 
water along tlte littoral of Sierra Leone and the Gold Coast in tidal swamps 
and coastal streams. Adults are house haunting and take human blood freely. 
Mehm is an important vector in some localities. 
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Antt>heles hancocki Edwards 1020 is found in parts of west and central 
Africa, from Sierra Leone to Upuida and southward to Angola. 

The adults of this species are commonly found in human habitations, par- 
ticularly in Liberia and Uganda. Near Freetown, they have been taken in 
outdoor biting ex|ierinients, with local boys as bait. The larvae are found in 
clear water in grassy holes, welk, streams, and swamps in sunny places. 

This species is an iiu|H>rtaiit malaria vector wherever prevalent. A con- 
siderable number of dissections in Uganda revealed an average monthly infec- 
tion rate of 11.4 percent and an average sporoaoite rate of 2.7 jiercvnt. Tlie 
monthly sporozoite rate fluctuated from zero to a maximum of 7 |iercent. In 
LiU-rin, this species is still suspected on epidemiologic grounds, although no 
positive findings were olrtained in a small number of dissections. 

Anopheles hitrgreaeein Evans 1927 is found in Liberia, Sierra Leone, 
Gold Coast, southern Nigeria and northern Belgian Congo. 

Adults are common in huts in Nigeria. Females were attracted in large 
numbers to human bait during night experiments at Lagos. The peak of 
activity is midnight or later. Larvae are found in shady {daces of swamps and 
stream margins in open jungle. 

This is an important malaria vector in certain areas of west Africa when 
it is common. In soutltern Nigeria, a sporozoite rate of 5.4 percent has been 
found. 

Anopheh» mtmcketi numcheti Evans 1025 is found in tike Belgian Congo, 
Uganda, and Cameroons. 

In localities where this species is prevalent, females have been found in- 
doors in considerable numbers. Larvae are found among vegetation of pool«, 
streams, and swamps in sun to light shade. 

This species, where common, has considerable importance as a vector 
of malaria. The total infection rate averages 8.3 percent, with the sporoaoite 
rate fluctuating between 1.6 and 4.1 percent. Near Stanleyville, an oocyst and 
sporoaoite rate of 4.5 percent has been found among females collected from 
huts. 

AnofkeU* numeheti nigmenn* Evans 1031 is found only in southern 
Nigeria. Adults were found in considerable numbers in huts in village« near 
Lagos.  Larvae are found in clear, sunny water in swamps. 

This form is of importance wherever it is eouunon. A sporoaoite rate 
of 1.1 percent was found among fernab« taken in bute near Lagos. 

AnopKele» ***liie*tor Cambouliu 1902 is a desert species found in North 
Africa, Egypt, Sudan, Palest ine, eastern Iran, and Baluchistan. 

The adults of this species may disperse, with prevailing winds, as far as 
8 miles and readily enter houses to bite humans. Larvae are found in pooh, 
flowing or stagnant drains, and shallow wells, and tolerate desert salinity up 
to 5.06 percent. 

This species is considered on epidemiologic- grounds to be a vector of 
malaria. 
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Anophele» nlli Theobald 1904 is widely distributed through west und 
central Africa and extends into British Kust Af rim. 

Adults are rare in houses hut hnvr lieen found in lurge numbers in huts 
and camps in limited IIIVHS. larvae are found in shade among vegetation along 
stream edges. 

Where prevalent in dwellings this s|iet'ies may lie an ini|Mtrtant vector. 
Dissections have been made with negative findings in some areas, hut wlien 
positive tlie rates were usually high. Representative findings are: In village» 
in Stanleyville District, oocyst rate 10 |iercent and sporazoite rate 5.3 percent: 
camps on rubber plantation. I ,iberiu, oocyst rate 14.4> |>ercent ami s|>orozoite 
rate 0.8 percent; house« near Freetown, ooryst rate 18.2 percent and sporozoite 
rate 9.1 percent. 

Anophele» pAaruentiS» Tlienbald 1001 is widespread throughout tropical 
Africa and is also found in Egypt ami Palestine. 

In certain localities where this species is prevalent, tlie adults may enter 
house« and tents in appreciable numbers. It is described as a domestic s|iecies 
in Egypt. In other areas, the number of females cajitured indoors is relatively 
small in comparison with those of the other important vectors. Altliough 
A. pharoentl» feeds readily on man, the results of precipitin tests rereal a 
marked preference for cattle blood. Larvae are found in swam]*? and rice- 
fields. 

Much evidence has been accumulated to indicate that A. pkaroen*i* is an 
eaVient rector of malaria. Many individual« luve been found naturally in- 
fected in nature, with oocysts ami a few with sporoaoiies. The species lias 
been infected experimentally with both /'. faleipttrnm and P. rim». In the 
Nile Delta, distribution of the species correlates closely with tliai of malaria 
prevalence. It is believed to be one of the chief rectors in the Upper Nile 
Province. In most parts of Ai-ira, it appears to be of less importance tliau 
A. onmbime and A. fmme*tm». However, sporoaoite rates up lo 6 percent have 
been found. In southern Nigeria, a malaria positive rate of 1.8 percent and 
sporoaoite rate of 0.7 percent were encountered; while in Egypt, ooryats rates 
of A.7 percent to 10£ percent and a sporoaoite rate of o„j percent were found. 

AnmphtU* •rttorientU Theobald IMS is found in parts of Went and Cen- 
tral Africa. 

Adults in acme anas fieq—nt bouata while in others outside resting place* 
are pietmed. Larva* am found in reek nook, hoofprints, and semiataguaet 
pools in atreama and dkeeuu. 

Although 1.T percent of one serieo were found to be naturally infected, k 
ia doubtful whether this species ia of urach importance as a malaria vector.' 

AmmpkilM fmUkerrimmt Theobald 1908 is a dominant species in regions of 
the lower Persian Gulf area and is ah» found in Pakistan and central Asia. 

Scum obrurreta hare found it to be a bold feeder, often taken in 
It is a strong fiier and may be curried long distances by the wind.   In 



ArRM'A-MinilM-: KAUT TIIKATKH 323 

areas, it lias been foiintl naturally infected, l>ut usually it is not an important 
vector. 

AnoftAelf* mrharovi (fhitut) Favre 1WÖ is chiefly a Kuro|wnn and north- 
ern Asiatic species but it is of import mut» as a vector in portions of tlie Levant 
and Persian (iulf. 

Sackaroel is an indiscriminate feeder on lioth man and domestic animals. 
Adults enter human habitations to feed. Observations in Palestine indicate 
that there it shows house preference. Its flight range is from l'/i mile« to more 
than If j miles. Larvae are found in open inland marshes and also in brackish 
waters. 

This species is considered to be an im|iortant vector in the Balkans, Pales- 
tine, and Iran.   An infective rate of 1.2 percent has been found in Palestine. 

Anopkele« tergenti Theobald 1907 is found through Northern Africa, 
Egypt, and Palestine. Larvae are found in ricefields, irrigation channels, 
borrow pits, river edges, and seepages. Adults feed indoors or outdoors but 
do not rest inside houses in Palestine, preferring rocky caves. 

This species is a vector in Egypt and especially in Palestine. 
Anophetea »teplutui »tepkenm Listor 1001 is found in the Persian Gulf 

area, Iraq, Iran, Pakistan, and India. Larvae are found in wells, cisterns, 
flowerpots, and roof gutters. Adults are thoroughly domestic, feeding readily 
on man. 

Stephen»* ttepheiui is an important vector in certain urban areas and is 
responsible for much nf the malaria in southern Iraq and Iran. 

AnopMes tuperpictv» Orassi 1899 is widely distributed in Southern 
Europe and Asia Minor and is found eastward to northwestern India. Larvae 
are found in fresh-water pools, streams, and seepages, especially in hilly areas. 
Adults readily enter and rest in houses, taking human blood freely. 

This species is a vector in Southern Europe, Mesopotamia, Iraq, Inn, and 
Baluchistan. 

MALARIA EXPERIENCE 

Chart 9 and table a» show the malaria rates from 1943 through 1945 for 
the Africa-Middle East arm. Table 3» also shows the rates for fewer of 

origin for the same period. The overall picture shows the 
il «fact of various awthods of environmental control and supprassivo 

medication. Moreover, it illustrates to some «tent the seasonal distribution 
of malaria, in them areas.   Owing to diverse conditions, further conclusions 

Table 40 and chart 10 show the malaria rates in forces stationed in west 
and central Africa during portions of 1948 and 1948. In addition, table 
40 shows the rates for fever of undetermined origin among them forces for 
the same period. In »am» of this region, »oppressive medication was used 
to supplement physical control measures. 
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ClinD.-Allmrlc ratt* for mularU mmomf V.8. Anuv ptrtomiul, Africa-UiiliHe Emit ares,' 

(Preliminary data from itatletk-al beallb report») 
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CHART 10.—Attack raht for malaria among U.S. Armn prrmmnrl im Africa' ami f*c .VinVflc 
A'nii." June 19\i-.\aa«»t /»J.J 

|rrrllints»r> data (mm »tatlatlcal health if |mrt»l 

(Rate Fiprntaed •■ number of cane» per anaoai i«r 1,000 average atreutth I 

>IBCM» ■tMMi Wee« Atrte«, Fie—h WM* Afrtea. Maieta. ni CaaUml Africa tat ax Kertfc 
aaa oaiM Mr Drtta. UWM, Eritrea. —«1 Lfta/aa aWrrin Caaaawa». 

Datta. Ummt. Brrtrea. Uhyaa. aa* fvrataa Oat? Sank» PiMMiali, 
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TABLE IW.-- Attack rait» for malaria and frrrr of umlrlrrmionl oriuin, among I'.S.  Army 
prnmnnrl, Afrira-.MiMIr Kant aria,' !.'<.(J-.J.-i 

ll'reliniinwy <Liu (rom niuiimk-jl health rr-|>orts| 

I Ratr «niirwawl as mimlHT iif rum* |MT miniini IMT l.fttiarrrtwMrvniMhl 

Mill inn I'l'lrr irf i:iiili'ti*rtniinail origin 1 
M.Hilh 

I'.M'.' 1*13 l!H4 lau lltl'J IHM l!>H IKV. 

Jainiiirv Ci H5 III II I'M l.'l Mi 12 
Ft'liriiary  (:,l 52 112 II <J> i:< II 24 
Mart-li Cl :17 ."IN III I1) II •1 :tl 
April (»I 4  ■ ti:i II (»1 I:I 21 :« 
MH.V ("1 KL-! ill '.I (»1 ai 24 :« 
Juni- <) KM m 14 0 25 21 2!» 
July. 5211 13» 121 14 Hi 44 (Mi 50 
AllKUHl 2115 I:«I 71 i:i 4:t 44 52 .Vi 
Hrptriiil»-r._. li:i :t»l 51 1-.' 5(1 Mi 34 4» 
OTIUIMY 17« tin «1 11 21» 2» :«i 27 
NoVPIIllaT- _ . a» i 205 •a H :«» II 27 24 
DrrvnilVr                . IIH 82 In 8 n 8 21 14 

Total    . _   ... \M\ IZ< A4* I« li 21 27 :14 
1 laeatdM «II of .(Irin aad Ihr Middle Kail «crpt Nort» AMraa arm <M Ihr Mnlitrrraaraa 

MU «hra tau m WM uMaipantrd la the Afrtra- M ktdlr r. ti Ihratrr. 
> Tkr vraowtloi of lam anrri arkfe* artaallr iwurua anlwii rammt br drlrrwinrd. 
> I»»u arc a« »v •«***•. 

'. until Ma 

TABLE 40.     .l/fart m/r« /#r malaria an4 frrrr of umtlrlrrmim-rl origin, amont  V 
orrmonmrl im Africa,' W4J--tJ 

I lYriaalaary Mi tma ataHrttral hraHh mm >| 
Ikjtr nfftwil — ii«»> i «<n—i P>T »i— twljatamaaritmatthl 

X  .Ira»« 

Malaria Trrrr W nadiaiiaiMnd 

FHbmarv. 
March 

April  
IMajr  

July  
AMRMM  
Hi'lrtraanvT- 

OWofat*-... 

Total. 

0 
7S7 
7*7 
tn 
Ml 
S7S 
•13 

453 

4M 
W7 
3X4 
aaa 
M7 

-        - 

MM 
Sll 
«*4 

) 

0 
t» 
• 
0 

0 
SB 

o IS 

a 
•i 
4« 
U 
M 

hi 

<»> 
I») 

<•> 
■ larhatni Ma* Wait AMra, rmrt Weal AHra. Uharia, aaa Ctatral Aaa« hat aM Narth AMcaa 

1Mb. Lmaa, aXtrra. aad Uhyaa Hrrrlrr Caaaa— I . 
> Tat praaartiaa af Ihm tan     whjrhartaaar mam at» ■ lain raaaat hr dHrfaaard. 
lllaUaraaataTaaaWa. 
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The Liheritui Font* wus given suppressive medic-at inn from liefnre landing 
until October and November 1942. Then in late Decemlier, after » great 
increase of the disease, suppressive treatment was it-instituted and continued 
until late February 1943, when it was again stopped. In June, this force was 
again placed on suppressive medication. At least in the Accra district, sup- 
pressive medication was in force from December 1942 through March 1943. 
The U.S. Army Forces in central Africa were placed on suppressive medication 
in November 1942. It 9eems prolmhle that other areas were similarly treated, 
but definite information other than that summarize«! in the section on sup- 
pressive medication is not available. 

Comparable rates, for the same period, in the Middle East are shown in 
table 41 and chart 10. Whether suppressive medication was used to supple- 
ment other control measures is not known. Tlte figures may represent simply 
the incidence as influenced by physical control measures. 

TABLE 41.—Attack ratet for malaria ami fevrr of »mdeUrmineii oriaim, amoay U.H. Arm/) 
ptrtowtd in MUH* BaM* 1949-43 

IFldMrianT data «■ statbttal hcattH irporto) 
I Rail «BtrMtd « mater o* BM pn anaum |w I Jas arm*« fUractal 

Moat» 
Malaria 

January.. 
Februar*. 
Mate«... 
April... 
May  
June  
July... 

September . 
Oetober.. 
Xavaulm 

TMal. 

170 
40 
78 
«3 
10 
21 

FrvMoruaitrirnaJardartaria' 

4 
4 
4 
5 

25 
41 
S3 
4« 

o 
o 

P) 

» 
65 
67 
36 
5 
8 

21 

P> 
P> 
P) 
P) 

4 
3 
4 
0 

15 
IH 
38 
35 

P) 

Tables 48 and 43 show malaria rates in various areas in West Africa, 
for varying lengths of tine in the period IMS through 1M4. Whether sup- 
preasiTe medication was aarthoriaed in other than the Accra district of the 
Odd Coast and those parts administered by l'Ä Army Forces in central 
Africa is not known. In certain of these areas, all physical control mea sorts 
were the responsibility of our Allies, while in others, American forces mpple- 

•Mair- 
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TAHI.I: 42.— Attack rate» fur mnlnrin among U.S. Army irunp», r'rrneh UY*( Africa, .Innmini 
\U\A-lhrcmUr Ml.', 

I 

I Knf' rx|m'»v<l in* IIIIIIIUT of civ* irr iimiiini irr UM» »vrmia* *ln-lmlh] 

Kcluwt Fk-M > 

VM» 11)44 

Month 
YiiiMtuusqi»-l "iiknr' 

1H3 ItMt 

January I1C! 247 
»liruarv i:il i:il 
March 171  i MKt ItiS i 1 i:t 
April.. 11)1 1 10 102 1117 
May            17.» MXi : Hi!» 115 
JUIKV       . . •-'IS " 13» ! 21» 

July •.Hi:« 41 25S 
AllRIIHt.    ...... 57a ft» ; »12 
8ti»temlier  1,5:12 57 I 1,554 
October    .     ..                              . .    .   _. 1. MS lil l,!»52 !.. 
November.      ...... I.2NS :io | I.:t02 
DiTi'iiibpr..    .     .                                    451 :<-.> ! 442 

■ Annual Report. Mb .Yfetkal Compnaac I'nll, W44. 
> Report. Mal. Alva J. Floyd. MC, AW. .YIukvMnrM. UdAFIMF.. lo Comnundlni «Icm-ral. VrtAFIMF., C»*m 

Enrpt, attmtton: Tk» ihirt iknm, 4 Nov. IM4, M»k«t: Report of Malaria Control Arllvltlra at f.i». Armjr hm»»»- 
tlom In Wtn Alrfcn, mi nM4.   l*art IV, French Wcw An-*». 

> Alrbam muni from Kanaqat to Yoff PenlBMla, II May ntt. 

TABLE 43. Attmck mir* for malari« amonf U.S. Army troop», im Ihr GoN Coamt mnrl .Warna, 
Brititk Wat Afrim, Jan Mr» HHS-ltrctmWr 1944 

(Bate raprrrit as nmntfr of paw pw annum pw i.ia>«niim Mr*naih| 

Month 

January. 
February 
March. 
Apr«.. 
May  
hmr  
July  

Btptetaber. 
Oitabr.. 
November. 
DMJumbtT.. 

OoM C01 

IM4 

441 
235 
IM 
M4 
354 
■3» 
807 
•Mt 
MS 
548 
548 
4«6 

53» 
ess 
:tss 
258 
MO 
501 
M3 
3M 

SI 
34 

MI IM4 

151 110 
l«2 48 
243 90 
150 23 
ISO 23 
1«» 38 

1,501 338 
1,314 448 
1,712 35 

817 45 
•08 
351 

> Rrport, Ma). Mbtaa Farn*. MC, to the r ■ am Omml, U0AFIMR. Catn, Em*. att«rthm: TW CMrf 
•anjraa. 1 Nor. ntt, KNK«: Report at Malaria Central al t'JR. Arar laataRatt— in Vat «Un, "Ml- law    Fart II. 
OeM Oaaat, MM Wac AMea. 

Ma). KUhtaa Fan*«, MC. to Caamwittm Ornml. t'8AFIMB. Can*. Kirpt, attention: Tar CtaX 
. I NOT. IM4. »abirrt: Malaria Contra) at I.». Amn> liaaaoilliaa la Weet AHra. IMI-Mft.   Part I: Xtarrta. 

BtBM Wart AMn. 
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mented or took over these o|>erations. These stations were in some of the 
classic malarious area» of the world, nml a huge, jien-eiitage of the troops 
contracted the disease at sonic time during tlieir stay. 

Chart 11 and tables 44 and 45, respectively, show the nialnrin rate for 1Ö44 
and 1945 in the Middle East, excluding Persian (iitlf < omiimnd. and in the Per- 
sian Gulf Command: in addition, the tables also show the fever of undetermined 
origin rate for the same, period. These figures indicate the total effect of 
the various control measures used. It should be noted that rates in the Persian 
Gulf area at the beginning of the period «ere appreciably lower than in 
Africa.    Xo further conclusions from these figures are warranted. 

CHAW 11.—Atltck raU-i for malaria among U.S. Arm* prrtoami i» the Africa-M»aie 
Halt arra {crct»4ing fmiait Hull Command) ami in the Pvrtian 1l»l] Comma**, /9J(-J5 

(I'rrllmlnarr data from «utl.lk.I health r*|wrt»] 
(Rale nprrmml at Dumber of cawa per ■■■•■ per 1,000 average «Imwth 1 

•All 

Mo-i 
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Chart 12 and table 46 show the malaria rate from 1942 through 1945, 
in Liberia. 

For 2 weeks before the arrival of the first task fort« in Liberia in late 
June and July 1942 and until late October or early November, personnel were 
under quinine suppressive medication. At the lime they landed, bed nets were 
not available for all personnel and many infections undoulaedly omirred. It 
is believed that tlie figure* from October IHI show the result of activated latent 
malaria. From late December 1942 through February 1943, all troops were 
on Atabrine suppression. After 10 March 1943, no propliylactic treatment 
was administered, and at this time the second task fort« arrive«!. Kates rose 
rapidly, and on 21 June 1943, Atabrine tmppressive medication was reintro- 

I'Njktt 12.—Altar* rmtr. for mmlmrim mmnmt U.S. Arm* prrtonnrl i» Lik-rte, »»J-'-JJ 
(Rate «icnam ■• aumcraf «HH pro ■■■■» prr l.ooo innir nirmrtk] 

•ATI 

■MMC*: mal a*aa*t. rttk Malaria 
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TA»I.« 44.—Allark rain for malaria and fntr of undelrrminrd origin, among  I'.S. Army 
prnannrl, Afrira-Middle Haul arm, ' Januar* UH\   Ihn mbtr IU4H 

ll'rrllmlrary data from UMMMI Imlth n>i»*i>| 
I Kale rt|mi«r<l •» iiumlwr ot eon m •nnom |xr MM» »vmw »ininili) 

Mgnlh 

Jaimur.v _ 
IVbruary 
March. 

April 
M»v 
JtllMV       .- 

July 
AUKUKI . . 
Hppti'inhiT 
October.. 

Xovt-mbtT 

I IrrrmbiT. 

Mitkirl» Fcvrr ill unih'lrrmUiei» nrtrln* 

1944          ! l»4.1 IV44 rM.1 

124 I« \V£ 23 
128 li 18 M 
12!» 14 12 42 
124 j It 31 Mi 
I:II 7 ?!» :«i 
134 l.'i 2» 28 
am 17 1X2 .V.» 
iiu 14 m 112 
A« II »4 SI 
:w 12 H 2» 
25 li 48, 25 
IK 1 Mil 14 

Total . It« Cl 47 :«• 

• t.mttu>k* Pmnm OnM < 
> Tht proiwrtM at ihnm l\<um wtalrh arlually irluMMtU mawta Ir ik'IrrnilmM. 

TAULK 4.V     Mtark ralm far malaria and frtrr of umdrtrrminrd ariaia, amama  I'Ji.  Armn 
mrrtamnrl, I'rrnam Golf Ctmmand, jannarn lim-lhrrmmtr UHS 

\frrnmmmrr «Ma k*ai MatMkBM h«aka rrpart»] 
I Kale mnarf a» Mrtn at OHM M* aaaaaa aw MM annar Ktnmh) 

Month 

January _. 
February. 

Aoril. 
May. 

My. 

Ortobrr.. 
November 
lJewmbrr_ 

12 
11 
IS 
25 
2* 
42 
W 
u 
4« 
42 
XI 
13 

8 
H 
5 
J 

13 
12 
7 
« 

16 
4 

13 
0 

3 
3 
7 

15 
XI 
20 
24 
I» 
1ft 
13 
II 
8 

3 
20 
12 
27 
27 
31 

31 
2» 
20 

Total. 13 24 

1 Toi pt^ojartasva «f %■*•■ BCIUM wlklek «MtoWatj ri^fjvMniti I 
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duced. This was discontinue«! enrly in l'.'44, lull after 4 months (-J4 July 1-)44), 
all troo|w were again place«! on suppressivc int>ilinitioii. This ]x»licy continued 
through the remainder of tlint year uiul all of 1!»4.">. It is not known deliuitely, 
but it is believed that this treatment iimtinned until the area, was finally 
evacuated. In June and July I'.M.'J, over one-qniirter of the force had malaria. 
The fluctuations in the rates apparently correlate with seasonal prevalence, 
ex|nisure factors, arrival of new |>ei-soimcl. cflectiveiu'ss of physical control 
measures, and the achieving of various degree» of suppression l»y the utliiiin- 
ist ration of antiiualarial drugs. 

TABLE 4tt.—Attack ralrg for malaria among i'.S. Army fwrmnitrl, Librrio, t.'t.'tJ-.'tl 

IRiitc i'\|m>M.«il as IIIIMIHT (if mwft |«>r iinmini )■■? l,lo> urtTiiw *ln-netli) 

Month lWi 

«20 

IMI 

425 

IMA 

January_ 1117 
Fcbraarv B1I4 370 170 
March 475 IITtl IS7 
April. 1,-IIW 4S5 22» 
May. 1, 2"i «WO III« 
JllIM' 2, 125 775 24K 
July ÜÖI 1, 125 1,7111 2112 
August.. 1. II» 470 4M 174 
September 42!» :i55 454 72 
October... NKi NU.» IU7 lOtt 
November. «.VI IM.-. Itt2 130 
December . j         1. HtO Mä l«3 54 

Total j            «32 
! 

S0H .V»l 172 

Samr: Aaaaal Report, Ztth Mährt» rwilnl IMx-hmriil. IMJ. 

Stat istics, making it possible to contrast experience in various areas or 
types of troops, other than those given are not available. Considerable de- 
tailed information on tlie Liberian Force is on file but other comparable records 
are not at liamL Home reports have given figures to illustrate malaria inci- 
dence at particular points and times but how these figures were compiled and 
their degree of accuracy is not known. 

Although excessive prevalence of malaria was noted in several areas, the 
disease responded to control and preventive measures. In some areas when 
troops were released from suppretsive medication, rates rose alarmingly, but 
when this medication was reintrmlwed reductions were quickly evident. In 
all cases when incidence was exceptionally high, troops had either recently 
arrived in hyperendemic areas or been released from suppressive medication. 

The malaria rate among local population in the controlled area allowed 
some response to control activities. Representative findings are given in the 
section on surveys.   No informal ion concerning prisoners of war is available. 
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ANTIMALARIA ORGANIZATION 

From available informal ion, it would swm tlnil tlit> antimuluria orgaiiizn- 
tion was not strongly centralized. For example, it is not. easy to ascertain the 
degree of interrelationship between such ureas as the IVrsiun (iulf Command 
and the I'.S. Army Forces in Lilieriu, Itoth of which wen- at times iiide|ieiulent 
commands. There was a central supervisory administration, hut consideruhle 
freedom of act ion was allowed to t he various coiiinmnils. 

l>urinjr the first months of the war in this region it would seem that each 
command approached the problem without reference to other headquarters. 
This divided authority clearly interfered with malaria control and discipline. 
After a study of the problems, in November l'.»4:i. by several oflicers friMii the 
Surgeon General's Office and by the Medical liis|iector, USAFIME, the or- 
ganization was overhauled and res|Miii*iibility was assumed by the theater. 
At tlie chise of W.\, the Medical Sol ion. Headquarters, USAF1ME, hail a 
Preventive Medicine Section with medical inspectors and a malariologist. 
Tlte latter was given the duly of technical sii|M>rvisiou of malaria «mlnil. 

The surgeon and other s|iecial stall officers performed in a dual capacity. 
Tliey were the s|iefial slalf of both services of supply and the tlteater. 

Cooperation with tlie Itriiish resulted in the formation of an inter-Allied 
malaria control group for the purpose of providing a coordinated antimalaria 
program in Hritish West Africa. This resulted ill control operations at 
numerous bases being the resiMMtsihility »f <1H* Itoyal Air Force or otlier Allied 
group«. In some of this area and particularly at AIT«, Gold Coast, the un- 
fortunate exiwrieiwe of American forces, de|iending on malaria control by 
otlier agencies, necessitated constant ins|iectHMi and initiation of local control 
activities similar lo tlrose carried out routinely elsewlierc among American 
iroo|>s. In otlier areas, American |iersoni>el look over full control at their own 
installations «ml ab» supplemented the work of oilier agencies. In Home cases, 
complete resiMmsibility for control of tlie area pawned to Americaii forces. 
Moreover, ait the varioua civilian contractors and Pan-American Airways with- 
drew, the Army assumed responsibility for control operations that they had 
begun. 

In each of the command«, various program* wen developed.   Antimalr ria 
unit« were organised in each service command in \94±   (ieneral malaria nm 
trol measures wen strengthened hy the designation of one man per hundred 
for malaria control work  within  units as directed by  Circular No.  31, 
IS A ¥ I ME, 2 Septemlier 1 W± 

In February 1W3, the surgeon of tlie I'.S. Army Force* in Ijbrria was 
given Ibe general responsibility for malaria control ami sanitation. When 
theater supervision was unitied under I'SAFIME, late in l!M-'l. all malaria 
control liecame the responsibility of tlte tlieater. 

In the Gold Coast, until 1W4, VJ&. Army authorities failed to organize 
and implement an adequate malaria control program.    Local commanders 
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IUHI not supported antiiiiMlnriu measures recommended by their own medical 
staff and as required by Army Regulations. Furthermore, integration of 
British and American malaria control effort« <lid not promptly achieve the 
coordinated program which was essential to success. 

Mention should be made of the Egyptian r/miibiiir eradication project that 
began early in 1943 and continued until August 11*45. Ano/thrten gambiae had 
invaded Egypt as far north as Asyut by November VM'l and was causing 
devastating epidemics along the path of the invasion down the Nile. Allied 
military forces, the Rockefeller Foundation, and the Egyptian Government 
coo|>erate«l in a campaign that made full use of therapeutic and suppress*!ve 
Atahrine, paris green Inrviciile. and pyretliruin adulticide. The invasion was 
finally halted ami the invader was eradicated. Tim last A. ytimbiae in Egypt 
was found on 1)> February 11*4*». 

In M43, the llmzilian Government re|Mirted that .1. gauibiue had been 
brought to Brazil by aircraft from West Africa. This was strongly deplored 
by the Brazilian Government as they had just finished a long and costly cam- 
paign to eradicate this mosquito from their country. To investigate the 
problem, a committee from the Office of The Surgeon General, lite malariolo- 
gist for the North African Theater of Operations, I'.S. Army, and tlie medical 
ins|iectorof thel'SAFIME went to West Africa. 

In the first place, this group noted tlie following: 

The lanip-w-alf Malaria control itmgram UMiertakea Jointly by the British Army, 
the RAF. the American Arm?, awl the civil anthnrltk-« at Accra Is considered to be wand 
and KITW every promise of belüg succensful if »npimrteri by all agencies concerned, and 
if vigorously noshed to completion and maintained. Pminmr«! malaria orgnnixatloa la 
excellent. 

The committee recommended that full American support lie given to the pro- 
posed inter-Allied mosquito control program at Acer«. 

In the second place, the committee made numerous recommendations which 
resulted in several change«, dearribed as follows: 

There was formed at Accra in the inter-Allied malaria control group, 
a team which formulated policies and methods of control and obtained necessary 
supplies and equipment. All the individuals involved cooperated fully in 
attempting to break the man-motquito-man cycle at as many points as possible. 
To this end, the following practices were pot into effect: (1) Destroying 
Ano/tktle» larvae. (2) attacking adult Anopkrlr», (3) preventing infested 
Anofkflf from biting the population at risk, and (4) administering sup- 
prtssive medication. 

Furthermore, to combat any possible »introduction of A. gambiae into 
Brazil, special disinsectization methods were started both at the African air- 
bases ami at tlie various Brazilian points of entry. In addition, it was decided 
that Brazilian authorities would Itelp to sii|iervise mosquito control procedures 
at the various African airports. Under this new plan, Brazilian authorities 
were in key positions on both shies of tlie Atlantic to safeguard their country 
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from airborne African insects. This was u welcome procedure to all concerned, 
as it allowed the sharing of duties ami resjionsihility wiili representatives of 
the Braxilian Oovernnient. 

Throughout the theater, unit antimalnria details were formed to supple- 
ment the control programs organized hy the nntlariologists and control 
detachments. 

Indigenous lalsir WOK utilized a '1 military estahlishments to install and 
maintain the control program. In many instances, it was necessary to use 
large numbers of laborers to achieve adequate drainage, larriciding, and 
pyret liniiii spraying. 

\o definite information concerning dusting and spraying from airplane« 
is available except that such dusting with paris green was carried out, in Egypt 
in |JM:l and that of three light planes in liritislt West. Africa the first became 
ojieratioiial on 24 August l!>44.*" The only other recorded statement concern- 
ing this phase of the work is that up until November li>44 no aircraft were 
available for air spray o|<eralions in Liberia.91 A Stennimu biplane (PT-1T) 
had been allocated. 

Training and Propaganda 

Practically no information is available regarding training and propaganda 
for malaria control and prevention purposes in the Africa-Middle East 
Command. 

Personnel of locally activated malaria «letaclniients were trained in tlte 
field while those arriving as complete units had been trained lie fore entering 
the area.  The methods ami time spent on these operations is not known. 

One active educational program was developed in I*iberia. In this, a 
series of lectures was given, microscopic demonstration» were prepared, and 
posters were displayed. 

No doubt, in connection with the strengthening of malaria control and 
prevention measures just mentioned, some training was carried out, and some 
aids, such as posters, radio reminders, and bulletins, were utilised. 

Other Duties of Antimalaria Organizations 

Antimalaria organisations and personnel in the Africa-Middle East area 
were used for other duties than malaria control in a number of instances. For 
example, in an outbreak of bubonic plague in Dakar, malaria personnel ex- 
perimented in the use of DDT against fleas. It was found in controlled experi- 
ments that DDT not only killed fleas within a matter of hours after contact 
but that it inhibited their host-seeking and biting activities within 1» minutes 
after direct spraying or within 15 minutes after a 10- to 2*V*econd contact 

* See foMaote 14. |v 917. 
" Sm fmtaat« 13. p. 317. 

«Hilf-« »4 
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with ft DDT sprayed surface It did not act as a rej>elleiit as did dimethyl 
pht halste. 

African sleeping sickness or try|Ninosoiniusis was present in a |M>>li<>n of 
the occupied territory. The vector (rlo**ina /tal/Mili* wait common at some 
installations and particularly along the Farmington ltiver in Liberia. Here, 
antimalaria personnel found that 5 jwrcent of the flies caught and dissected 
were infected. Of 200 natives examined for sleeping sickness, 20 had enlarged 
glands; but gland punctures gave negative results. In view of the results of 
inquiries and of the extensive clearing along the riverbanks for malaria control 
purposes, no special precautions or control measures against Gloesiixt were 
consider!"' necessary. 

In addition to usual activities, the malaria units were on the lookout for 
Wttchereria Bancroft!, tlie cause of tilariasis. Both A. funeatu* and A. gambiae 
are efficient vectors of this organism. As these s|>ecies were lieing controlled 
for antimalaria pur|Mtses, no special additional measures were needed. In 
Jjlwri«. 7.0.'» percent of 1,182 native» examined were found to harbor 11*. bmt- 
emfti, and 4 percent of 820 -I. gambiae dissected were found to contain larvae 
of ir. bancrofli. In Nigeria, the incidence was somewhat less; in fact, Lou l<m 
was found more frequently than IF. hmrrofti. 

Yellow fever prevention had to he cunt intied without relaxation, lly care- 
ful disinsectization of aircraft to kill all iiHwmiitoes. it was ho|ied to prevent tlte 
spread of the rector from yellow fever areas in the \mt h of the Central African 
air routes to otlier parts of the tlteater, or to India. The control of A ah» 
aegypti along with other mosquitoes helped to reduce the incidence of dengue 
among U.S. Army personnel. The ami malaria units often in practice per- 
formed as insect control units; for the comfort ami protection of the com- 
mands, they attacked many problems which were not strictly concerned with 
malaria prevention. The units were also used to control sandflies, bedbugs, 
and other insects. Ditnnsectisation was carried out not only in the field, but 
also in theaters, halls, barracks, and billets. Such general insect control 
activities were particularly useful in Egypt where units were not faced with 
malaria hazard* so severe as those on the west coast of Africa. 

SURVEY ACTIVITIES 

Entomological b 

In all areas, surrey activities were an important part of the antimalaria 
program. At first, tlte surveys were made to find out which species of Anepkele» 
wen present, which wfo acting as vectors of malaria, and where they wen 
breeding. When control measures were in operation, adult and larva surreys 
were made to aasen the results. A certain amount of research was also under- 
taken after control had been established. 

Some results of surreys are cited to ill- -strate their scope and importance 
in relation to control operations.   For instance, in the Bufisque district of 
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French West Africa, despite what n|>|>carcd to l>e an adequate larviciding 
program, large numlters of Ano/>h>ltx mosquitoes, including malaria vectors, 
were present in the camp ami. It liecume evident I lull the llijiht of such local 
vector» ns .1. gamhhir was long enough to break through the 1-mile control 
zone. The zone was therefore extended to \\.> miles, und there, was an im- 
mediate drop in the number of Anopheles mosquitoes in tlie protected area. 

A survey of the Yoff Peninsula, near Dakar, French West Africa, was 
made during January nnd February l!M4. to obtain data regarding malaria 
problems. Control ojicniti ms were tlien started. In July 1!W4, however, an 
unforeseen problem was encountered. Previously, control hail easily lieen 
maintained during the dry season, but now a large number of Anophtlr* 
mosquitoes ap|ieared. Surveys disclosed that they were being blown into the 
controlled area from the north and northwest. As a result, it became neces- 
sary to extend tlie control zone out to 7 or 8 miles. 

Kxtensive survey activities in Liberia were made to determine adult mos- 
quito densities in occupied military quarters. As control measures improved. 
these densities liecame lower, allowance being made for seasonal prevalence. 
as indicated by checking tlie huts of the local imputation in uncontrolled areas. 
Such figures were used to determine tlie effectiveness of control. Similarly, 
larval searclies were made. Tlie following figures illustrate the size of this 
program: In 1944, over ä«,l><>0 |iools were searched. In tlie 251 found positive 
for Attophele», tliere wert 894 .1. gumblae larvae ami 28 larvae of other species 
of Ahophrlr*. (her 1K,I«KI rooms were searclied with 3,100 positives, and a 
total of 9,914 adult anoplielines were collected. In 1945, among some 43,UM» 

pool« that were searched. 138 were positive and 1,030 larvae were found. In 
over 22JMI rooms searclied, 792 were |«mitive. yielding MfcM Anuphrfo*. 
Larvae ami adults were identified and several series of .1. yumbüie were dis- 
sected for malaria parasites.1* 

On the Yoff Peninsula, special studies were made to determine the effect of 
desiccation on the viability of -1. gambiae eggs, and the length of the breed- 
ing cycle in this section of Senegal. Kggs kept dry for 24 hours hod a 
little higher than SO percent hatching rate; those kept for 48 hours, 19.8 per- 
cent ; for 78 hours, 6.1 percent; and those that were dry for 96 hours, 0.T percent. 
Obviously, even if only 0.7 percent of the eggs of A. gambime could hatch after 
96 hours of desiccation, one could not depend on the temporary drying of pooh 
for control of this specie«. Other studies of the life cycle disclosed that it took 
only from 7 to 12 days far the eggs of .4. gambiae to develop into adults in this 
area.   This information was utilised in scheduling larviciding activities. 

The same organisation in French West Africa performed DDT experi- 
ments in 1944, when a small quantity of this material was received. The ap- 
plication of ISO milligrams of DDT per square foot of surface was found to 
give satisfactory mosquito control under certain condition* for t months 

» ID to faataat* 13, ». 31T.    (I) iMd ■**•«. 37th Malaria Cwtnl Drtarkamt, IS». 
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Tests of tlit» lfiitrtli of time of ex|(osiirc to DDT-l rented surfaces necessary to kill 
mosquitoes revealed tlint only ."> seconds contact with a surface treated at the 
rate of 100 to 12a milligrams |x>r »mare foot were required to jiermit .1. </<im- 
blae adults to acquire a letlial «lose of 1>I)T. Further studies demonstrated 
that there was a marked and slowly declining ivsidnal art ion of DDT iqioii 
.1. tftiHihiitf larvae. 

In Liberia, also. ex|>erinieiits with DDT were undertaken. 

Parasitological  Investigations 

Numerous blood surveys were made in all areas where troo|>s were sta- 
tioned. In some pl«<-es, the surveys were continued long enough to give some 
indication of tlie effects of control o|a»mtions. An exani]>le of this is the 
following, reported from Dakar: 

Surveys in villages surrounding American installations, made in .lanuary 
10-14, revealed a jwrasite index of 58.7 percent and a gamelocytic index of .*>ji 
percent. By January l!»4.">, these indexes had drop|ied to 11 | »erven t and O.tt 
percent, resjiectively. and. hy July 104.% a further drop to 5 ]M>rcent ami 0.5 
percent was noted. 

In Liberia," in U»43, blood smear surveys among tlie local imputations near 
camps revealed from 23 to 68 |>erceiit positive for malaria (wrasites. Game- 
tocytes were found in 2.3 to 10 percent of tlie total. Tlie higlier percentages 
in the surreys included both children and women. In 90 to 08 percent of blond 
smears examined, the parasite was /'. falciptirmn. 

During the period from IB June through 25 December 11*42," 538 positive 
examinations for malaria parasites in military |>ers»niiel ami white civilians 
in the Roberts Field area of Liberia showed tlie following: 05.4 percent /'. 
faleipamm, with 1.7 |ierceiit showing gametocytes: /'. riritx, 0.0 |iercent: /'. 
omit, 0.2 percent; and undetermined, 2.1 percent. 

In early 1943,** thick blood smears among U.S. Army troops in Liberia 
revealed tliat 1 percent of the command was positive for malaria parasites and 
that half of these were gametoryte carriers. No microtilariae were found. 
Two other blood surreys were conducted on troops: one in December 1043 and 
January 1944 which showed 1 J> percent with malaria infections, with 0.3 per- 
cent of the posit ire smears having gametocytes; and a surrey in January 1945 
that revealed only one man baring trophoaoites ami one with gametorytes of 
«. /iuM9jNtnfM&. 

Numerous blood surreys of the weal population near camps in other areas 
were ah» made in an effort to evaluate the malaria problem. 

•ioteMr 1.1, a. SIT. 
»Iffwt. U. CaL Jaatta M. ■■Iiiai, «aC. to CMrf Hmlta OBVOT. Baatrta r>M LaWrla. 3 Ja a. 

VMM. ■■mint: Malaria IIIMIUHN aai Caatrai ActlvMlaa la taa Kiairla IVM Am darla« Iwn^r 
IMS. wlOt Brlaf ■——rW. tor MM mr IMS. 

- Aaaaal Bcaart. Malaria Caatral AcUrittn at Bilirta rvat, Uarria. IM3. 
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ANT1MOSQI ITO MEASURES 

In all lit«' occupied areas of Africa and I In« Middle Kast, various methods 
of physical cont ml aimed at the elimination of I milling plait* und the dcst ruc- 
tion of larvae ami adults were used. The establishment of adequate drainage, 
larviciding with oil or paris green, and spraying with pyrcthruui and Aerosol 
iMtmhs. and finally the use of DDT were major methods utilized. At tirst. 
iiiaiiy difficulties were encountered in obtaining supplies, hut subse<piently 
adequate material was available. Malaria control was established at an ef- 
fective level throughout the region in 1!>44 and was improved in llM.'i. The 
most inqiortant factor in the lt>44 control program was the arrival of sufficient 
quantities of DDT for large-scale use. It was used in a haud-larviciding mix- 
ture of sand and waste oil and in larvicides and kerosene as » residual spray 
(fig. 41). The tight against malaria was a difficult and prolonged one. but in 
tin» end it resulted in one of the quiet victories of the war. 

In general, the control program consisted of jiermanent draining or tilling 
of low areas in and around bases; larviciding of mosquito-breeding waters 
within Hight range of cam|>s: extensive systems of ditching for draining 
valleys: when |M»tsil>le. removing villages away from proximity of camps; 

FHXTMI «.—nur nwfcloal atM-aylng with power wpnj. 
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Bild controlling of ocean lagoons through a combination of lurviciding anil 
intern) it lent flooding. 

Drainage was the method favored by the British Army authorities, lie- 
cause, despite it» drawbacks of expense and time, it hud some |M-I-IIIIIIICIICY. 

Water was divertetl to well-derined channels which could readily be controlled. 
Itefore the drainage system was completed, larvae were killed by larvicides. 

Adult mosquitoes were killed in military quarters and in the houses of the 
indigenous population by spraying with pyrethruin and 1>DT. lte|>euted 
sprayings in houses and Army installations were carried out throughout 1J»44 
and 1WÖ. 

The Yoff Peninsula, where a comprehensive program of insecticiding 
was carried on, will serve an an example of this type of control o|ieration. 
Routine spraying of over 2,400 dwellings in villages within u mile of Ameri- 
can installations was undertaken. Here, it was found easier to apply the 
DDT-kerosene solution with knapsack sprayers than with the hand or power 
sprays. For larval control, a power-driven unit for jwris green dusting was 
developed (figs. 42 and 4:5). This consisted of a motor-driven profiler into 
which lime and jmris green were fed from a hop]>er. The whole apparatus 
was mounted on a plank and lathed to a platform on a truck.    I'nder favor- 

FHICMC -CL-  lauwovlaetl |MiriH 
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FMI'B 43.—Dastlat witk part« greea. 

able conditions, this machine oooJd dust as many as 25 tem of water surface 
in an hour and a half. 

A campsite near the city of Rufisqoe M presented the problem of inter- 
rupting the transfer of malaria from an infected local population to the Army 
personnel. To do so, the mosquito vectors had to be eradicated for a distance 
of 2 miles or more from troop concentrations. It was not feasible to remove 
infected resident« from the area. The eradication of breeding ahes without 
disturbing the district's limited water supply wae essential Destroying 
Anopheles larvae within a radius of 3 miles by larrickling, end the killing of 
adults by inseeticiding all buildings, insofar as possible, within a 2-mile radius 
of camp was the solution. In addition, malaria discipline was essential for 
the protection of troops. 

Information concerning supplies used in Liberia illustrates the extent 
of control activities. With an average of a 5-day oiling cycle, the following 
quantities of oil were used as Urvickfc:« 7,550 gallons in IMS, 51,888 gallons 
in IMS, 10«£20 gallons in 1M4, and 73£52 gallons in 1945. The quantities 
of insecticide, Aerosol bombs, and DDT used in connection with the antimalaris 
program were similarly large. 

> S~ fottMte 33 (3), ». Ml. 
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At this liase. ICM'III hi hoi* WHS excellent for imskilli'il work, such as digging, 
<-lu>|>|»itijf, anil channel cleaning, l»(tt il was, with nire exceptions, almost futile 
to employ it for n'ierations requiring any «lejr»i-t« of skill, judgment, or inde- 
'«•mletit res|M>iisi)-ility, such us oiling and spray killing;. In 1042, spray killing 
in village quarters i<M»k 147 local labor man-days, drainage o|-enitions, 1.450 
man-days, and village construction—resettleiiH'iit for gametocyte removal— 
I..V.M  man-days. 

1 »niinage o|*erations in Liberia, in 1IMV completed the following tasks: 
M.Hlki yards of new <IiI<• 11i11^r. so.riol yards of maintenance of old ditching, 
0,204 yards of recoustriu-tioii of old ditches, 2-!,1:H' cubic yards of tilling, 76,lH.r> 
square yards of hrush removal, and construction of ::i spillways. This« work 
use<l tUi.tCtH local labor man-days and 2.2.S5 soldier man-days. During 1044," 
the following was accomplished : 0,:t70 yards of old ditch reconstruction, ."►H^l.'W 
yards of old ditch maintenance. :Ui,74."> yards of new ditching, W,!>I7 square 
yards of hrush removal. M.olii cubic yanls of till, mid construction of 14 spill- 
ways. Spray killing was carried '.ii extensively: <i.4t("2 gallons of insecticide 
and K.4<>7 Freon dis|iensers were used. An average of *i7<> lalMirers |ier mouth 
were employed during (lie first 7 months of 1044, and 300 |ier mouth for 
the remaining •'» months. 

During 1045.'" in Lilieria, larviciding alone retpiired I.V174 m»n-d»ys. 
Spray killing utilize«! 4.MK0 gallons of ready-mixed insecticide and :t.7'W Kreon 
IHHIIIIS. A A-percent solution of I)I>T in kerotwne was available in sufficient 
quantities for application in and around the base ns a residual spray. A total 
of 7,072 gallons of this mixture was dis|-er*ed. Tlie drainage system was 
•iMiipleted, and in the end there were approximately .V» miles of major ditches 
in the sanitated area. Tlie following engineer operation» were carried out: 
l.tKL'i yards of new ditch construction, tojVSt) yards of old ditch reconstruction, 
T1 »Ki»l yards of old ditch maintenance, 85^74 square yards of brush removal, 
ami •JJMKI cubic yards of till. For tlie first 8 months of the year, an average 
of :tln laliorers were employed ami for the last 4 months only 150. Tlie 
drop was due to the reduction in |ieraonnel and to the completion of large- 
scale drainage projects. 

A much needed imwerboat for larviciding finally arrive«! in Liberia in 
1W5. Considerable diaVulty was encountered in obtaining suitable equipment 
from engineer «lepots in the United States. In spite of repeated specifications 
supplied by the Liberia» base regarding the proper type of oil sprayers for 
krviciding, the equipment received consisted of knapsack «infighting sprayers. 
These were not only unsuitable for handling oil larvickfes Itut were not even 
rumplet* for use in spraying water. 

The Deversoir Air Base, between Port Said an«! Sues, had a high initial 
incidence of malaria.   A problem was presented by the swamps, lakes, and 

» Hw MM» t\ r. .13«. 
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irrigation ditches with which the uirtlroMH- was surrounded. With l<M'iil labor, 
tliese ditches were cleared, and the swamps mid lakes were drained. Paris 
green and oil larvicides were employed. After the program had lieen completed 
in January 1944, very few cases of malaria developed, and many or all of these 
may have been cont ructed elsewhere. 

In the Persian Gulf area, malaria control o|ierations were delayed because, 
of insufficient personnel und equipment. Essential malaria control equipment 
was lacking during most of VMH. A few knapsack sprayers were taken over 
from a construction company, hut they were in a had state of repair and few of 
them could be used. Eventually, sprinkling; cans were procured from local 
sources to spread oil on water surfaces. These were of |MH»- construction, did 
not lust long, and results were not too favorable. There was some dusting 
equipment for application of |«ris preen, but as local road dust was the only 
available diluent the equipment was soon ruined. After this, n paris green 
mixture was broadcast by hand. In the hitler |nirt of \'A\:\. the first "Hit 
guns'' were available. Eventually, in the fall of 1JM3. two |w>rtahlc air com- 
pressors arrived. 

Supplies of insecticide were inadequate, and during the summer of l!M:i 
they were completely exhausted. Materials were not amiable for spraying 
nearby native villages until August 1943, when equipment was secured from 
British Army stocks in tlie Middle East. The llritish released 5,000 gallons 
of Flysol (a pyrethruiu insecticide), u,0OO |M>unds of pyrethrum powder, 
;»,»KI0 Hit guns, and r»,<KX» |iounds of paris green. At IIIMHII this time, lite 
malaria control units began to prepare their own insecticide by soaking pyre- 
thrum powder in kerosene. Fortunately, there was plenty of fuel oil No. 2 
for the malaria control needs. It was not until the 1045 season had began 
that the 5 percent DDT kerosene residual spray became available for general 
use within the command." 

In 1944, in the Persian (iulf area, tlie following was accomplished:s* 
Over 000 acres cleared: over l^rfMUHM» lineal yards of ditching cleared or 
straight*led; over 40/WO yards of new ditching installed; and over 2,000 water 
acres, over S^OOjOOO lineal yards of small ditches, ami over lt»U»x> square feet 
of other water surfaces larvicided. Over 17,000 gallons of keroHene-pyrethmm 
•pray, 167,000 gallons of oil, and 47tkj0OO pounds of mixed paris green dust as 
well as 8^00 gallons of 8 percent DDT were used. Over 830,000 man-hours of 
labor were needed for these operations. 

For the period from January to September IMA," inclusive, the following 
was accomplished: Over 50/100 lineal yards of channel or ditch cleaning, over 
1,000 lineal yards of new ditrhing, more than 600 cubic yards of All, and over 

- a»p«itt, Caat. Maniac A. Frtn-, KaC. »« Caauaaaalaa' Qrarral. Pcfftaa Half Caaul aa»jart: 
Oraart af Malaria Caatral Actlrith» far Maata at Sa»to»a.r IMS. 

■Latter. Caat. Maaalac A. Prk». SaC. to Caaiaaaallac Otoaral. Frratas OaM Caaaaaad. 1» Jaa. 
IMS, aafc»tt: Ta* Malaria Praal— aa* a Haaiaurr M Malaria «'<»alr»l <>r»T»Ma" for IM4 la tkr 
lNiMaa OaM CaaaaaaaV 

■Mr* fsolaa«» 11. 
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575 water areas and over 25,000 lineal feet of small streams (less than 5 feet 
wide) lurvicided. These operations required over 45,000 man-hours of labor 
for spraying and over 250,000 man-hours for other as|tevts of the control 
program. 

PERSONAL PREVENTIVK MEASURES AND MALARIA DISCIPLINE 

The use of personal preventive measures, such as rv|»ellciils, IHSI nets, 
and pro|M>r clothing, was directed by various War Department puhlicatioiis 
anil in addition was sup|>orted by directives and circulars issued by the various 
headquarters. Remarks to the effect that malaria discipline was enforced, or 
strengthened, are found in many of the documents dealing with malaria. It 
is not possible to obtain a clear picture of this as|iect of the program fin* the 
entire area. Some typical illustrations of conditions are cited to show the 
general trends. 

At Kknes Field and Dakar, Senegal, until about dune I'.MH. (»arracks were 
not sprayed regularly, and there was no malaria discipline. After that time, 
all barracks were sprayed nightly, but none of the buildings were adequately 
moHquitnproofed. Protective clothing was required, suppressive Atabrine wns 
administered, and mosquito repellent was issued to all personnel. 

In Liberia, military quarters were sprayed once nightly, and bed nets 
were lowered and tucked in by 1«00. The wearing of proper clothing at 
night out of doors was enforced, but the wearing of head nets was discontinued 
when mosquito repellent was issued to the troops in May 1043. Standing 
orders at Roberts Field prescribed the wearing of protective clothing after 1800 
when out of doors. Military police were stationed in the theater and at other 
points to enforce the regulations. 

At some of the Air Transport Command bases in 1043, enlisted personnel 
were restricted to the base from IROO to 0B00 to reduce exposure to malaria. 

Although, at lint, in the Gold Coast, there were unscreened quarters and 
theaters and malaria discipline was lax, the situation was corrected. Most of 
the necessary screening had been installed by the middle of September 1D4A. 
At this time, malaria discipline was strengthened. 

After this time, in the Accra area the UJS. Army camp and the Boyal Air 
Force camp were well screened and well maintained (fig. 44). The usual pro- 
tective clothing was worn, mosquito nets were used, and the American outdoor 
movie was screened. 

A report on the status of malaria control at Central African Stations in 
August I»« " tells of the following general policies: All barracks and quar- 
ters were sprayed regularly with liquid insecticide. Nearby villages were 
sprayed daily with insecticide, and British Army authorities sprayed other 
villages three or more times a week.   The majority of American soldiers were 

" aprt CM. Arr* A. Fall, A.O.D., CalM Statm An»/ FBTTM la Oatral Atom, to TV Hiiim 
OwwnO. M Amt. 1S4*. — »J'rt: I'm—t »tit» mt Malaria CMrtral at L'SAFICA Stall—■. 
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ruin 44.—Type of barrack* howtas V'.B. troops at Accra Airport, abowlag the aiaale 
■oaqulto trap entrance to balMlng. 

housed in iraxmuitoproofed barracks, and til men were supplied with moHquito 
bars (bed nets). The maintenance of these bars was each man's responsibility, 
and most of the ban were kept in good repair. Atabrine for »oppressive medi- 
cation was taken regularly. The usual protective clothing measures were 
enforced. However, mechanics working at the airport at night could not repair 
aircraft while their arms were covered. To obviate this difftculty, mosquito 
repellent was issued to each man. 

In the Delta Service Command area, normal mosquito control measures 
were carried out, but emphasis was placed upon individual protective measures. 
Proper emphasis and strict supervision of individual protective measures were 
the rule. 

Lack of malaria discipline in the Persian Gulf area was not solely a local 
characteristic, as American troops often slept without mosquito nets. This 
was particularly true of motor transport drivers. Maintenance and repair of 
bed nets and the supplying of them for transients was a constant problem. 

Although, throughout all occupied areas of the Africa-Middle East, per- 
sonal preventive measures were stressed, the degree of compliance with, and 
therefore the effectiveness of, the program varied considerably at the different 
installations. 



„4fi riumiMI-.MII.K IMSKASKS 

SCPPRESSIVE MEDICATION 

Quinine anil. later, Atahrine wt'iv used for siippressivc incdiralion in the 
Africa-Middle Knst urea. In practically till iiivas of high or hv|a>rciidciiiicit v. 
this method of combating nmliiriii was used for »I least limited (HT'DMIS of time. 
Inn whether the entire region was on siippressivc iiicdiciuion is not known. 

In the various stations in French West Africa. Alalirine siippressivc medi- 
an ion was authorized in June li>4.*t. In March 1!(44. the Dakar mvn was re- 
lieved from this medication for (lie dry season. 

In Liberia, siippressivc medication was used at various times. Two weeks 
la-fore debarkation of the original task force, all tnai|>s were placed on i|uiuine 
|>rnphyliixis. After the arrival of Circular fatter No. 1-1."«. I MRiv of the Surgeon 
General, dated 'Jl Octolicr VM'2. most of the troops weiv taken off siippressive 
treatment. About half the troops were onlered olT quinine prophylaxis on 
•2 Iteceinlier and the remainder on Hi Dpcemhcr l!>4*2. Sul »sequent ly, the hum- 
U*r of hospital ndmissions for malaria increiised considerably. On i\ Deccni- 
U»r. a radiogram was received from Headquarter*. I'.S. Army Forces in Central 
Africa, whieh rend: 

* * * Your «latioim have been taken off «ntlauilHrlii |ir.^.livlnvl>. lt<-<|iM-«t «-«.nllriiiu- 
lion UIHI reason. Tile xliulnixlration of Alahrliie lo all lmo|iH in |>r»|>li.vlm Hi doxe» IK 

ilini-tril.    Kci|uvst Informal lo« as to cause of increase In inalariii rale. 

On '21 l)ecetnl>er, orders were issued for the restoration of prophylaxis, using 
Atiihrine instead of quinine. 

From tlie first of the year through February 1W4S. all troojw were on Ata- 
hrine prophylaxis, hut tlie defense force which arrived on 14) and It March was 
not placed on prophylaxis. In .lime, tlie ininiher of malaria cases surpassed all 
previous records, ami the institution of Atahrine siippressive medication was 
liegun on 21 June. This prophylactic treatment was continued as far as is 
known, except for 4 months early in IW44. for tlie remaimler of the occii|Mt ion. 

At Accra, on tlie Gold Coast. American I nan* were placed on voluntary 
quinine suppremive treatment until 3 November HHi, wlien Atahrine siippres- 
sive medication was substituted. From then no. at least through 1044, Alalirine 
suppression was required in compliance with several directives. All base unit 
personnel were issued Atahrine cards to be punched daily wlien tlie tablet was 
given in the mess. At the end of each week, those whose cards lacked tlie requi- 
site seven punches reported to the dispensary to receive the remainder of their 
week's Atahrine quota. By the end of November 1944, the malaria rates in all 
forces were at the lowest piu. t for the Accra area. 

In Nigeria,3' Atahrine suppressive medication was administered in accord- 
ance with the provisions of Air Transport Command Regulations No. 25-ft 
dated 12 July 1944. 

■ S*p»rt. Maj. KUIatm F.m-11, MC, f Coaaaaadtat «Metal, C8AFIME, Call«, Carat, atteatloa: 
The CM* Sargn». I Xer. 1*44, eofcjeet: Malaria Ceatrol at W.S. Array laitallattoaa la Wot Africa, 
1MI-44.   Part I: Nigeria. Brlttea We*. Africa. 
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China-Burma-lndia Theater 

John W. II. Rrhn. Ph. I). 

MILITARY HISTORY 

The Chiiiu-liiii-niii-liidia theater was established on 4 Muivli 1!)4*J to 
trans|H>rt supplies to the force* of the Chinese Central Government (map 
1SI).1 To accomplish this mission, it was necessary to augment existing air 
transport facilities anil to build a road from India to the Hunnn Road leading 
to China on ground which it hoped to wrest from the Japanese. Tlie*»» major 
activities had to be carried on more or less simultaneously. In addition, Army 
Air Forces supported Chinese, British, and American operations. Other 
element« of the U.S. Army provided advisory, training, liaison, and other 
f acilit ies to assist the Chinese Central < Jovernment. 

The first major event in the theater was tlie inglorious retreat from lliirma 
in tlie spring of lSMä. For all practical purposes* this divided tlie theater 
into two distinct areas separated by the Himalayan uplift. At that time, 
limited flights over tliese mountains were heing maile princi|mlly hy tlie Chinese 
National Aviation Corporation. The India-China Wing of Air Transjwri 
Command was directed to construct airfields ami to establish regular flights 
in this area for tlie movement of military |>er*onnel and to China. This dan- 
gerous and arduous trip was tlie only available means of communication with 
China except for tlie century-old caravan routes crossing various (tarts of 
central Asia which were impractical for movement of essential personnel and 
materiel Air service over "the Hump" was steadily Imilt up until tonnage 
moved by this means increased from tlie initial trickle to suable quantities. 

Other means were «till necessary, however, to move the enormous quanti- 
ties of gasoline, expendable supplies, vehicles, ami otlier lieavy equipment. 
A anpply route was commenced in December 194a to extend from the I«do 
area of Assam, India, acmes the Patkai Range through the Hukawng and 
Irrawaddy Valleys to the old Banna Road, subsequently renamed the Stilwell 
Road. This project involved construction through virgin jangles crossed 
only by poor foot trails or pack trails and peopled by indigenous tribes. Dar- 
ing IMS and 1M4, when construction of the road, pipelines, and telephone 
lines was continuing as closely be'.-ind combat operations as supply and climatic 
conditions would allow, great quant it ie» of material were moved inland from 

> nml u «tfcrrwto taunt«*, date l> tfcla dM»tcr "* dcrl««l ftM* Van Aabra. H. A.: A HUtorr 
«f Fmntln IMMM la lb« U.S. Am; hm «* Ihr iMUa Harm« Tatwter. IIM2 45.    [OOrlal 
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the ports for construction pui-|toses »ml to build up a backlog of supplies for 
shipment over the road on its completion. The road was finished and opened 
for the first China convoy on 1 February lt>45 and was officially closed on 31 
October 194.".. 

(>|ieralioiis for the cant lire of northern Huriiiii, across which the mad WHS to 
be built, were curried on by the Chinese Army in India and by Merrill's 
Marauders. This polyglot organization was assembled in India and started 
from the Ledo area late in February 1044, conducting a jungle campaign which 
led to the capture of My itkyina, Burma, in August 1944. 

The Burma Koad in the Salween River area was captured by the Y Force 
(Chinese). The second American contingent, the Mars Task Force, left My it- 
kyina in August 1944, to make contact with the Y Force, after which they 
headed south and made contact with British troops, which had been operating 
in central and south Burma. This completed the neutralization of the entire 
route over which the highway extended to K'un-ming, China. 

The pipeline project was really twofold. One branch went to the Manipur 
Road area of Assam to supply petroleum products to the British and to the 
Tenth Air Force poised for their south Burma offensive. The other line went 
through the Brahmaputra Valley supplying airfields, after which it continued 
with the road and made contact, early in 1945, with the section being con- 
structed from K'un-ming to near the China-Burma border. 

The Tenth Air Force supported all operations, both the Chinese-American 
in northern Burma and those of the British. The Fourteenth Air Force sup- 
ported Chinese operations and performed missions in conjunction with the 
various Pacific commands to the limit of their resources. Finally, the 
Twentieth Air Force was established in the theater for long-range bombing 
of enemy strongholds. 

Many Americans were involved in advisory capacities or in training and 
supplying the Chinese, both in China and in India. Additional personnel 
served to maintain liaison with the various Chinese forces. The India-Burma 
theater, except the area from Ledo eastward in Assam through northern Burma 
and, for a time, a limited portion of eastern Assam (Manipur Road and 
Kohima urea), was considered s rear area. In the China theater, established 
on 24 October 1944, supply and training functions were intimately connected 
with various Chinese operations. 

Bases were established at ports and at intervals along water, rail, and 
road transportation systems, either utilised in part or operated by Americans. 
The actual location and disposition of forces depended upon operating condi- 
tions, transshipment points, maintenance needs, and other problems. Army 
Air Force installations, particularly Air Transport Command liases, formed 
a network linking the various parts of the theater. Installations were espe- 
cially numerous through the upper Assam portion of the Brahmaputra Valley. 
With the exception of bases in eastern Bengal and Assam, Tenth Air Force 
installations were located near those of other commands.   In China, Army Air 
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Fore« installations were print-ipalrv COIIIINII bases. Tin* Fourteenth Air Force 
worked in conjunction uith the Chinese ground troops. In lln> IWngnl area, 
relatively isolated buses were installed for the Twentieth Air Force HIMI for 
some sect ions of the Tenth Air Force. 

With tlie cessation of hostilities, all bases contracted in size and gradually 
cloned as evacuation progressed. In China, bast>s «ere established at some of 
the major jiorts to facilitate the movement of |>crsounel and supplies in the 
freed areas. At the end of VMTi, only a few of the main de|Mit areas, particu- 
larly those near port« or centrally located for a large area, were left in 
o|* ration. 

AREA CHARACTERISTICS * 

Geography 

The occupied portion of the theaters included ureas of India, liimiia. and 
China with a few |iersonnel stationed in Ceylon.'1 The India-Burma area 
was enormous, lieinj» more than 2,-ktO miles from east to west and 1.S00 miles 
from north to south, including more than 2 million square miles I map !!>). 
in southern China, troop* were scattered in portions of six provinces which 
hud nn are« of almut three-quarters of a million square miles. 

As a wliole, tlie India liunn* area is one of great diversity in physio- 
graphical, climatologiral, ami biological conditions. Within its borders are 
areas of great elevation and large river plains practically at sea level. It also 
enconi|MS*es regions with v.«ry great rainfall as well as those with true ilescrts. 
In all the area, with hut limited exceptions, malaria was either an actual or 
a potential problem. Roughly, India may lie diviiled liy landfomi ami geoiogy 
into three sections (map £>): Tlie nortliem mountains or Himalayan uplift: 
the dissected plateau in the |**ninsular portion of India, at times sjmlteti of 
as tlie Deccan: ami tlie great Indian Plains, often culled tlie I la ins of Hindu- 
stan. This latter includes the valleys of tlie Indus, Ganges, ami Brahmaputra 
Rivers. On the east, the Assam Hills are actually contiguous with the Burma 
mountains. These together form an effective Iwrrier I«* ween India and Burma. 
Burma has, in addition, tlie following distinct geographic areas: Irrawaddy 
Valley, Shan Plateau,ami Temuwerim ('oast. 

The hill rest camps, such as Darjerling, India, were located on the south 
slope of the Himalayas. Usually, they were in the deciduous forest belt at 
8,000 to tyMO feet elevation. These areas were mostly natural forest with some 
ten garden».   In most of the area, malaria is not a major problem. 

Bombay, a port utilised at tin** by O. Forces, is on the west roast. It 
w sit uaied on • billy island, sheltered at all seasons. 

Bangalore, in the Mysore State, was an important Army Air Force 
installation.  Its elevation ga re it a heal t hy. pleasant aspect. 

' (II Cnaqr. OMT R.I A*ta'> Laad» aat IT—I—; A Omsnpky «f Oa^TkM tK» Barth aat 
Ttm-Tafenta It« P»»Hi. Xm T»rk: MrQn« BDI l«l IV. Inc.. IN« I» CM« IU»H it, 
lesT-t*.    H*w Tart : TV aUtvllUa f... !M1 

•II will •» rettllra that lb» imHtttMi of Pakbtaa frm Iwlla 4M tmt lik, «la«- »IU 1MT. 
PWSTMW— MM irr nt*tmr4 la thin rkmptrt. 
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Ceylon served as a bam for a limited number of 1TX troop*. Thry were 
Mainly stationed in the interior hilfe which have the remnants of forests hut 
MY largely derated to tea pinfcnM. It may fae described as a ■*!ypKal" tropical 
itlu il.  At tunetst he arru has ex^>k>MTO malaria epickmiir*. 

The great Hindaatan Plain » the metion in which moat of the tear area 
installations and Air Force bast« were established. The forward anas passed 
thranjrh the awnntain barrier separating thesr plains from the essentially 
similar river plains of Raima. 

The great Indian Plain itself is divisible into several major geographu: 
regions (map 90): The Bengal-Oriaea lowlands, Ganges Valley, Brahmapwtra 
Valley, Indus Valley, and Thar Desert. In all these arras, malaria was prev- 
alent. The Assam Hills ami Burma mountain* on the east separate these 
areas from the Irrawaddy Valley.   In all the» riiviswms, except the Thar 
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Desert and the Indus Valley, troop concent nit ions were of sufficient size to 
warrant consideration in some detail. Moving from west to east, one progressed 
from an area with limited concentrations of forces to the areas in which they 
were numerous. 

Only at Karachi were troop concentrations [HH-muueutly established in 
extreme western India. Karachi, while technically in the Indus Valley, pos- 
sesses the features of the Thar Desert. It is in a low, level area with little rain- 
fall, mostly a desolat« region of shifting sands and scattered xerophytic brush. 

In the Ganges Valley, fairly numerous well-isolated rear installations and 
airbases were established. This broad valley, with its vast deltaic area and 
practically featureless relief, is intensely agricultural. It has greater precipi- 
tation in the eastern portion. 

Tlte Uengal-Orissa lowlands likewise contained rear area installations and 
airbases as well as the main |Nirt for supplies (Calcutta) for (lie theater. It is 
essentially a flood plain area of two river systems, with a deltaic maritime dis- 
trict bordering the liny of Bengal. It is an agricultural province with rela- 
tively heavy rainfall and with trying climatic conditions, ill-suited for Eu- 
ropeans. 

The Brahmaputra Valley is best defined as the region from tlte river's 
entrance into tlte Assam lowlands to tlie Bengal-Assam boundary. The valley, 
which is moist to wet, has considerable agriculture but still retains large tropic«! 
forests. Through this area passed the supply lines for and the start of the 
Stilwell Road and in it were situated many airbases. 

The Assam Hills-Burma mountains barrier was an area in which some 
combat occurred and through which the road was emmtructed. This area, 
with its rugged terrain covered almost entirely with dense tropical rain for- 
ests, was a little known section of the world. 

The Irrawaddy Valley, the northern portion of which concerned us, is 
another set of river systems with flood plains but with definite elevatkmal 
relief. In some portions, agriculture is important, but much of the aret is 
either tropical forest or scrub, or has reverted to grassland. Rainfall is heavy 
in most of the area where Americans were stationed. 

China exhibits srcui diversity in physiographical, climatological, and 
biological condithr.is. However, the south China area in which ILS. troop« 
were stationed exhibited rather limited diversification. This area is composed 
of the following general regions: Sxechwan lowlands, mainly in that province; 
southern uplands, including parts of Hunan, Knei-chou, Yunnan, and Kuang- 
hsi Provinces; and southwestern uplands, including portions of Kuei-chou and 
Yunnan. ILS. troops were scattered through all these areas in order to perform 
their mission of supply and liaison with Chinese forces. 

The Ssu-ch'nan lowland is an isolated area near the heart of China. 
Elevations from 3,000 to 4,000 feet are found with valleys of one-half this 
height. Ch'ung-ch'ing dominates this area. Tliere is also an alluvial fan, the 
Ch'eng-tn Plain, near its \. entern margin.   The natural flora has largely been 
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replace«! by cultivated «Tops, Pine, bamboo. Mid cypress an- characteristic of 
the area, with deciduous in*!* mixed with pine on the higher hills. 

The southern uplands include a large mvii of south China. Hills und 
mountains are always in sight. It is estimated that llatlnnd «xx'iipies nut over 
15 {teiveiit of the area. Most of the nivn is under rultiviition or is grassland, 
but remnants of t lie original tropical seiniileciduoiis (hroadleiif) und subt ropical 
forests persist. 

The southwestern uplands are a snltdiied »mi inmitioii of the Tibetan high- 
lands. The only level area is the K'nii-iiiintr Plain. As a whole, it is a region 
of plateau remnant* cut by deep valleys. Vndisturhed areas are rare, but in 
places the original flora, consisting of subtropical forest and dense coniferous 
and deciduous upland forests, may be found. 

Climate 

Within India and Burma, all climatic conditions present an appreciable 
variation. In general, from west to east there is a progression from a very 
arid region through increasingly moist areas to tlte rainsoaked tropical for- 
mte of tlie Assam Hills. In the Irrawaddy Valley, conditions are similar to those 
«if tlte Bengnl-Orissa lowlands and the Brahmaputra Valley. Throughout much 
of tlte area, tlie conventional seasons—spring, summer, autumn, and winter— 
do not occur. The area as a wliole has three seasons: The wet (monsoon), 
tlie cool, ami the hot. Most of the precipitation occurs during tlie monsoon 
season. The time «if arrival of the wet southwest monsoon depends largely 
on the latitude of tlie location. In late May or early June, ii begins in 
Ceylon, south India, and the southern tip of Burma, reaching Bombay early 
in June and Calcutta by the middle of that month, then progressing up the 
Ganges and Brahmaputra Valleys. These conditions continue until mid- 
September in Punjab, mid-October in Bombay and in the Irrawaddy Valley, 
late October in Calcutta, and early November in the south. In the winter, rain 
is brought to Ceylon by tlie northeast monsoon. 

It is daring the summer that the greatest precipitation occurs in China. The 
southern area of China, with 40 to 75 inches of rain, is more moist than the 
northern area, which usually lias less than 25 inches. The southern region 
•hows much fees diversification than is found in India and Burma. 

Table 47 presents the average precipitation and seasonal variation in 
selected localities in the various anas. 

In India and Burma, the wet (monsoon) season is one in which the tem- 
perature is fairly high and the humidity high. As the season progresses, the 
humidity becomes higher and the actual temperature lower, although the per- 
ceptible temperature increases. After the rains, the temperature decreases 
and the pool season has arrived. This continues unt il late in February. Early 
in March, the hot season begins with its high daytime temperatures but rela- 
tively cool nights.  This comlition prevails until the monsoon breaks. 

Temperature conditions at selected k* »litte* in various areas are sliown 
in table 48. 
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LOCAL POPULATION AND MALARIA ENDEMICITY 

As is well known, the racial tyi>es, religion, Inngtiagcs, ami cultures found 
in India and Burma are diver*.* Mnny races other than the true Chinese are 
found in China. In the southwest, especially, where most I'.S. troops were 
stationed, there were many residents of other racial stocks. Much of the 
urea is overpopulated, and troops wen« almost constantly in close association 
with the local inhabitants in all but a few areas. This was partly because the 
residents were living in proximity to the various supply lines and also because 
large numbers of labor troops and civilians were employed in various phases 
of the work. In China, the mission of liaison or supply involved continual con- 
tact with the residents and with the Chinese Armed Forces. The only areas 
in which these conditions did not prevail weir along portions of the Stilwell 
Road, sections of the pipeline, and in areas in north llurma. Here for various 
reasons, such as general inaccessibility, limited tribal population, or evacua- 
tion due t'- combat activities, contact with tlte local |>opulatiou was more limited. 

On the whole, throughout tlie area, local housing was |>oor. sanitation prac- 
tically nonexistent, and public health work limited. In some |M>rtions of India, 
control measures had been establislied to reduce the malaria incidence, but such 
activities were limited by lack of sufficient funds. 

Malaria is the most important disease in both India (map 21) and Burma 
(map 2ä).n In India, with a population of about :WH million in 1041, it has 
been estimated that there were between KM> and 2<»> million cases of malaria 
and between 1 and IV3 million deaths each year from this disease.* In Burma 
with a imputation of 16,Hi&,79K in 1041, there were over one-half of a million 
(004,040) hospital but ions during the year 1030, with a death 1 <te of 214 
per 100,000 population in the towns alone/ Although malaria is known to be 
a major problem in south China, statistics concerning its frequency are not 
available. In some instances, I'.S. troops were stationed in areas of hyper- 
endemicity, while large numbers were in areas of moderate to high endemicity. 

MALARIA VECTORS 

The anopbeline fauna of the India-Burma areas are very diverse, there 
being more than 50 known forms.*   Over one-half of the species have at some 

Ml) smart, fniu  BL. Jr.: Faaaan  ml Ia4la.    aaaltkaaalaa IaaMtattoa War 
X»   18. April  MM.  »a.  IT-».    (1) Mnui. H. O.: Baraa-Oatra-ar  to Cklaa: aaaltk- 

1 laattMtfaa ffu Baekgnual ■taaVca, Ma. IT, Ortakar IMS. pax T-». 
• OC Un WtalWaa anwartaa1 ay nuakar as HI 23, a aatectad aaaaWr ar» pmnM aW fcfcatkaia 

tatakatM. 
• War PaaaiUmat Tnaafaal Balfetla <T» aTKD) 1T4, Jaljr IMS. 
• War Piiailai at TtctatnU BalMla <TB MED) TT, 2 Aa* 1144. 
•TM) laaanaatlaa la thla aattkaa anltaf «rlta aaaaaallaa haMta aa* (Mr mir« an wrlara ml 

aaalarla tu kn LIIIIMI« fraaa tin literal«!* Maara Mow. Tk» aralaaUwa ml wMw» amiaM 
tkrrr ha» takaa tain <oa»larratwa kaawlmla» aalac4 fcjr the aatkor wkBe a aafci «r iW Uta Ma- 
larU Sarrejr DHaefcawat ur an Baaa Saetloa Matarlataaiat, an wall aa lafowaatlaa niliHt from pf*r- 
■maal «uatart» with mr gatrwipuaawwiei from auajr off tk#*a aatkara, U.S. Anajr aialarla eoatral a#r- 
■waaH la tknv tamtrra. aaal from Hwll aa4 allM military «»atral faraaaaal wlthla tk* an». (1) 
täruioaarra. Sir Mrkart: IHatrra. Family CalkMa». Trta* Aasaartlal IFaaaa of Brltlak laatta 
larl«wUar Cryloa aa* Raraul. Loaaaa: Tar lor aa*- rraarln. Orteatr IMS. (31 Corell, Ü.: Xatea 
aa  It» DaUrlkatlna.  Brawaiac Placea,  A4alt  HaMta aad  Bftatw*» to Malaria IN* Ik*  AmiakHIa* 
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MAT 21.—Malaria  In  India. 

tine or {dace been found infected with malaria oocysto or sporoaoites, but only 
some 11 or IS species are believed to be important vector« (tables 49,50, and 51). 

MiiUltm 1 laaU ••> tha Far Baat J. Malaria laatlta» at l*a> S: SSS-4M, Dimlii 1*44. 
U) »mla, Baal F- Biaiam«, IM B, aa« MM. Ala»: fan t» the AaathiUac MMWUM ■< 
«ft* Wan». Wttft Kate» «i The»; laeatMiaHi». MHip, aa* Behüte» t» Malaria. rMlaaahjhla: 
Iwku Bawnilnglnl »wtotjr. Aaeeaetr «t Xararal Idnwi, IM. (4) an. D. M.: The rateatlal 
nmi tf Aaiakilri H—ttji ai la Ann. batata M. SU. TT: SIS. Hay IMS. (S) XM« «a the 
MM« baaartaat Malaria Tartan at Beat* Chtea. KaTal Mialtal Schul. Katieaal Xanl Meaieal 
Ceatar, Bt thuja. Ma. 1»W.    <•) Clarh. a. R. r, aa* ChaweBurry. M. A.: Oaatrraujai «a lii|lilii 
I |l|iii ta O» DMhat Ana. Uaaar Aemn.   1. Malaria IaaMtat* at lad* 4: l*s-ie7. Jaae 
1M1. <T> liawtT. O. C. Caaaara. a. K, aa* Lanacetl. B. A.: A Beeere: *t aa laeaetltaMaa ta De- 
araat tha Aairaaaatt laatce» «f Oaitala AaaaaaHa» Maaaaltaea CaUtctai aa ta* Ta» Batatn la 
Aanai aaa »artaera Bras»l, Beeeraa * taa Malaria Sanrey at Iaaaa •: 4*-«!, Mare» IBM. (8) 
rXaewka, Baa«*, aaa Saalar-WhUa. BaaaM A.: Malaria: Ita IaTMtlearJe» aa« Caatrol. with SacHal 
Bafwaaca «a laitaa Caarftttea». Calcutta: Thicker. Seiak »aa Co.. ISST. (I) Quarterly Braart, 
CoaaalUat Malarleleawt. AllrMl Laaa r*rc*. Boath But Aala Ceauaaa«, Jaaaarj Marrh IMS. (16) 
Part. I. M.: Syaeatlc TaaJe lac taa MrattSeatkM 1 taa AaaaarBaa MeeaattoM at laala. M aatttaa. 
Health Mletla. No. IS. Malaria Barcaa Ka. 3. Iaala: Delhi Maaas*r of PaMteatleaa. IMS. (11) 
Maraiiiaaiaai, Sirgaaa. Beadqaartefe, U.S. ranee, laaia Ban» Theater, ta The Sarseaa Oearral. 
VJL Arejy. » May IMS, aahject: Fahtlcattaa t aa Article aa Malaria. lacioaare *• - OUrrratloai 
aa Aaaaaaata Iraeeeahera« Daa. *j Cast. Lean C. Kalten, SaC, mm* MaC Sat. Joa» l>  Hltehcerk. 
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MAT tt—Malaria la Banna. 
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Species Characteristics 

The characteristics of the speciesof Anophili* which were most iinjxniiiiit 
to the U.S. troops in the Chiua-Hurma-Iiidin theater are descrilied in the 
paragraphs to follow. 

Aiifi/>ht/<n rufirifacii'x Giles l'.Mll is a widespread s|Hvies that has been 
found breeding in a variety of situations. Usually it is found in fresh, clean 
water but occasionally in brackish water and often in irrigation channels, ]xx>ls, 
overflow water collects, slow-moving! streams, and quite fiif|iiently in wells. 

The culeslikc adults are small to medium sized. They feed on IHII h human 
and cattle blood indiscriminately. The atithropophilic index has lieeu found 
to vary from 0.:i to SO percent (the latter, exceptionally high for this species, 
is believed due to a relative al>sence of cattle). This mosquito is often found in 
houses or cowsheds in the daytime on the walls or secreting itself in holes; that 
is, among dung cakes anil chaff. Effective flight is normally about one-half of 
a mile but may extend to a mile under favorable climatic conditions. 

This species is the most ini|iortant vector in the plains of India, is the 
only vector in Ceylon, and has been found to lie of importance in Yunnan. 
It is particularly notorious in regional malaria epidemics. It usually has a low 
infection rate. In epidemics, however, it has been found to have sporozoite 
rates and total infection rates as high as 11.7 and 24.5 percent, respectively. 

Anopheles fluviatllh James 1902 is a widely distributed species in India 
and Burma. It often breeds in foothill stream edges, stream pools, swaiii|)s, 
irrigation channels, and edges of swamps and lakes. Although it prefers 
sunlit breeding places, it is sometimes found in partial shade. Breeding is 
often in the immediate vicinity of human habitations. 

Biologically, this species may comprise two races. In south India, .1. 
jtuviatUi» is strongly anthropophilic, with indices as high as !>7 percent. On 
the other hand, surveys in northern India show indices of 1.4 to 4.(1 percent. 
This strong flier is commonly found resting in house« and at time« in cowsheds. 

The southern form is an important vector, with total infective rates of 
11 to 26.3 percent. The more northern form has been found naturally infected, 
bot it seems to be of little, if any, importance as a vector. 

Anopheles smemu Wiedeaoann 1828 is the commonest Anopheles in China. 
It has beim found to breed in almost any collection of groand water and occa- 
sionally even in artificial containers. It has been found in ponds, riceflelds, 
marshes, ditches, slowly flowing streams, borrow pita, and drains. It seem* 
to favor open water, although this is by no means a rule. Usually, the breeding 
habitats contain aquatic vegetation. It is predominantly a clean water breeder, 
although in Burma it has been recorded from foul water. 

The observations on biting habits, food preferences, daytime resting places, 
and other aspects of behavior of this subspecies vary considerably. Whether 
these variations are due to ecology or to physiological races within the sub- 
specie« is not known.   In some areas, this species appears to be strongly soo- 
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philii', rarely attacking mini: in other areas. it>l:iiivi«lv large |M"iveniiigi-s of 
engorged females are fimml to contain human blood. Of those caught in houses, 
practically all lmvi' liiinuin )>1<MH1, while most of those taken in cowsheds have 
cat tie blood. 

Its role in malaria transmission varies in different parts of its rniij.'«'. It 
is considered to IK« lIM* rliicf vector in the plains of China. Wherever it nc- 
curs in appreciable niinilM>rs and has anthro|>ophili<'. feeding habits, it is a 
|M>tential vector. 

Anopheh'H pnjHiri) n*i* randUHerwi* Koidziimi \'H\ has a widespread dis- 
ti'iliution and is an ini|>oi-iant vet-tor in some |K>rlions of its range. The typical 
form, Aiio/thrlr-M jryimrivimh jrypoririixi* James 11KI2 has rarely been found 
naturally infected anil is not considered important ill tlie transmission of 
malaria. .1. jry/mrim*!* ramUdieimin is most frequently seen breeding; in 
grassy shal'ow waters, such as seepages, water from hillsides abandoned rice- 
fields, and among the stubble of ricefields. It often occurs in connection with 
rice cultivation. 

The adult is mark-dly anthropophilir, although less so than .1. mini mux. 
It also attack.« domestic animals. Its flight range lias Iteen recorded as ex- 
ceeding one-half of a mile. Usually, it rests in houses or cattle sheds, but in 
Burma it is reported to leave after feeding. It has lieen observed bit ing tiercely 
toward evening in the open, but usually seeks its host inside habitations or 
closed shelters. 

.1. jeyjtorienKi* cutuiUlirMM has been found naturally infected in several 
areas. It is a vector secondary to A. miniwux in the foothills but has had 
natural infection indices as high as 10 liercent during epidemic periods in 
China. In the Burma highway area, an infection rate of 5.55 percent was 
found in 1941.   It should be regarded as an iiuiiortant vector. 

Anophelet /eurosphynu leucoayhyru* Dönitx 1001 is a wild species usually 
breeding in deep jungle and forest. Larvae have been found in heavily shaded 
portions of rock pools, in stagnant pools in the beds of mountain »'reams, in 
densely shaded swamp«, and in harrow pits along heavy forest roads. At 
times, it has been found some distance from jungle. 

This wild species apparently feeds on humans most commonly during the 
middle of tlte night. Its flight range is probably not over 800 meters. It has 
most often been found resting in auch natural situations as tree trunks and 
overhanging banks. However, in some areas it lias been found in houses or 
trapped in bed nets. In Assam, up to 7fi percent were found to have taken 
human blood. 

Until recently. tl<is species was believed to lie a vector only in Indonesia, 
bot it is now known to be of importance also in some areas of Assam, with 
infection rates of 3.1 to 4.9 percent where .4. minim** is less plentiful.   It is 
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probably il»' chief vector in :it least some areas of northern Kurnia: for in 
stmice, a s|s>roy.oite rule of i'.7 |M>r«t>ni was foun<l at Shinghwiyiiug. Hnim:i. 

Anopluttx iiittriiliitiix Hiiiruhrfii* Theobald HUM is essentially n stream and 
riverbed breeder, with u preference for springs and seepages. Il is also found 
in small pools, ricdields, lake margins, and ilitrlies hut seems to prefer partially 
shaded areas with sandy or rocky iKittoins. 

The adults enter houses and hite limn readily at night, cliiclly between 
:2HM> and i^tHl hours. '1'he majority leave after feeding nn<l rest outdoors, 
especially along strean ' IUKS. In some areas, the s|>ecies ap|iears to lie more 
zoophilic than in othe. hut it is often found to have a high anthm|M>phi1ic 
index. An effective flight Minge of n>ore than one-half of a mile has lieen 
found as a result of iwnl observations. 

Although but few naturally infected individuals have lieen found in tlie 
aiva of the (healers, it has lieen considered on epidcmiologiciil grounds lo be 
n vector. In the area of the Iturma highway, it is probably a secondary 
vector to .1. minium*. 

Ano/ihfh» ID'in i in a» minim»* Theobald 1JHH is found in eastern and north- 
ern India, in Iturma. and in southern China. It is a most important vector 
in Assam and north Burma and is believed to lie tlie mosi im|Mirtaut vector in 
south China. It breeds in clear, unpolluted slow-running streams and springs 
with grassy margins and in irrigation ditches and riivtields at low to ntoderato 
altitudes. It never breeds in dense virgin jungle, but frequently in secondary 
jungles. 

Tlie chief resting place is on tlie walls inside dark houses, the majority 
being in the lower one-half of the room. About 90 fwrcent of the Mood 
feeding takes place after midnight. It is a highly anthropophilic form often 
with an index of HA percent or more. Kven those found in the open or in 
rattle sheds may have an appreciable percent of human blood. It is interesting 
to note that in Hunan, south China, A. minim** apparently leave» habitations 
after feeding. 

.1. minim*» is one of the most dangerous malaria carrier* because of its 
domestic habits and its preference for human blood. I.arge numbers of dis- 
sections have shown total infection rates varying from .1 to 1H.6 percent. This 
species is an important vector of malaria wherever found. 

Anopkfte* pattoni Christophen« UW is found in China, mainly north of 
90° north latitude. As a result, few CS. troops came in contact with it. 
Breeding occurs chiefly in slowly running hill streams, in rainwater pools, 
and in riverbeds with sandy bottoms, usually where considerable algal growth 
is present. The larvae hare been found under the ice. ami the species is 
assumed to be able to (turn the winter in this stage. 

The adults are apparently loophilic as well as anthropophilic. It is con- 
sidered to I* an important vector on epideuiiologK'al grounds wherever it 
occurs. 
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Anopheles phUlppincnsk Ludlow 1902 is a widespread species and is an 
iiu|M>rtant vector in the Itengal uren. It has been found breeding in tanks, 
pools, drains, ditches, swamps, borrow pits, and ricetieids. It breeds only in 
clear water and has a definitely limited ecological association, some types of 
aquatic vegetation being preferred while others appear (o be inhibitory. 

The adult has a definite preference for resting in human habitations, 
usually near the floor. 1 "referred feeding time? seem to lie from 2000 to 2:900 
and from 0200 to 0400 hours. Although nathro|>ophilic in Itengal, it seems 
to be delinit ely zoophilic in Assam. 

Total infection rates of 1.04 to 7.2 percent hare been found in Itengal 
where it is the most ini|M»rt ant vector. In Assam and Burma, it is not generally 
regarded as a vector nf ini|>ort a nee (tig. 45). 

Anophele» tttpltenti »tephen*i List on 1901 typically breeds in wells, 
cisterns, flowerpots, discarded tins, roof gutters, and other temporary water 
receptacles. It also has lieen found in such places as pools, rivers. streambeds, 
sluggish creeks, and drains. It can tolerate high salinity and organic pollu- 
tion. Sunlit breeding places appear preferred. The larvae often sink to 
tlie bottom of their breeding location, remaining there for some time so that 
tltey may be difficult todiscover. 

A. *tephe**i lias a raupe of dispersal up to 2.5 km., perhaps longer. It 
readily feeds on man. Adults occur in cowsheds, barracks, and houses but 
are secret ive and difficult to find. 

This specits is an important vector under rural conditions in western and 
northwestern India and under urban conditions in peninsular and northern 
India. 

Anophele» mindaic»* Bodenwaldt 1926 is a broadly ranging specie« that 
breeds in saline water. The larvae occur most frequently in sea water lagoon«, 
swamps, and collections of brackish water behind coastal embankment«. Tin 
water in which it is found usually has a saline content of 1.2 to 1.8 percent 
bat occasionally up to 4 percent and, in the Ganges Delta are«, often with as 
little as 0.4 percent.    It araally breeds in the presence of algae. 

Adults an strong fliers and may travel up to 3 miles. They occur in 
large numbers in cowsheds and in huts and other human dwellings. Females 
genetally prefer human blood and have anthropophilic indices aa high aa 
M percent They an voracious, occasionally feeding in daytime but usually 
during the tint half of the night. 

A*»fktiet maWw'nw is highly susceptible to infection, with total infee- 
thrity rates up to 88.4 percent. While it is w ally an important carrier, 
H has beau found in large namben when the incidence of malaria was low. 

Effect of Military Activity on Mosquito Breeding 

It k possible that in the rear areas mosquito breeding may have been 
•lightly enhanced because additional breeding places wen formed as a result 
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PMV«C Ä—Taak with aaaatie TtevtaMoa. ririalty of Calratt*. 
tkiHpptmrutii tfiijilt atM la arasbattr of 

of romtruetion. It ia doubtful, however, whether the» breeding «tea caused 
ray actual increaae in the mosquito population. In practically «II anna, the 

of «one type of control around camps reduced the breeding 
Moreover, time new breeding situations were eliminated as soon as 

they were noticed. 
In the combat areas, very little u known as to whether or not mosquito 

production was increased because of military activities. Throughout these 
areas, malaria control had not previously been attempted, and no information 
regarding breeding or prevalence of the dueaw wan av«i1al>l*. 
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Indigenous IIIIMH' WHS used throughout tin- theaters. In many Mi-lions, 
these hdiorers were brought from oilier districts. In practically nil instances, 
however, these |>eisoniiel had previously l»een <'.\|M>sed In imiliiriii. lion miu-li 
this added to the problem rammt lie asrertaineil. It is known that some 
of these groups suffered severely from nmlaria. Houtine exiitiiiiiiiiions of 
thick- mill thin-blood lihns showed «Ixxit :.'•> |M*rvt'iil jiositive. <ininc1ni-yle 
rales, however, weiv always very low. 

Prisoners of war were few, anil their care ami disposition was in the 
hands of the Ifriiish anlliorities.    Inforinatioii concerning I hem is jriven later. 

MALARIA EXPERIENCE 

The anntial rates for malaria and for fever of undetermined origin 
are shown in table Ä2, by month: the malaria rates are depicted in chart 13. 
The amount of the fever of undetermined origin which was actually malaria 
cannot lie ascertained. It can readily lie seen that malaria was a major problem 
to troops within the area. Transmission did not, however, continue throughout, 
the year in nil portions of the theaters. In examining these figures, it should 
he noted that suppressive treatment  was starte«I  in the area forward of 

T.\BI.E 52.—Atlark rmtrn for malaria attil for frrtr of untlrlrrmimrd origin, Ckima-titrmn-lintim 
thrttlrr, l»i£-iä 

inriHMaary <Ma mm ulatMiral hraltli n-imrl») 
(Ralr rxpn-fonl u iMnahrr o< ma* npf umm |rr ijaaatrnwr nmwta) 

Mabrk , Fever ol iMKlrtmitalnl nrhM ■ 
Month 

IM4    |    IMS na iwa  1   IM« 

1*4   ;         Nfi 

IMS 

74 

IMJ          IMI 

January 414«            N7 
February    . HI      m 4» 4M         »            «0 
Match. Vi          50 2N :«        3«         M 
April  74        »1 2» 3»        «3          A» 
May. 74 UM     un 23 0        §7        H7          70 
Jaae... 1*7 364       JIO 28 n      w     UK       tw 
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«'■■AKT 13.—Allart rali» for malaria. fklaa-ltmmalHiliti  Ihiultr. 7fi|i- J.1 
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Shingbwiyang, in April 11H4, and was extended to include all forces east of 
the Brahmaputra River by February IMS. In April 1045, Atabrine fmppres- 
sive therapy was initiated in a large portion of the China theater (chart 14).* 
Time were regions of high endemicity (maps 21 and 22). In certain organi- 
sation«, Atabrine supuretiMve treatment was discontinued late in 1945. 

The malaria rates in the v arioua sections of the India-Burma theater and in 
the China theater varied considerably, as can be seen in tables 53,54,55, and M 
and in charts 15,16, and 17. 

Malaria rates for most of IMS among troops stationed along the Stilwell 
Road an shown in table 57." Given for comparison are the predicted rates 
•applied by British authorities. From table 57, it can be seen that even with 
the limit at iona of the malaria control program at that period its efficiency proba- 
bly materially reduced tr 

CMwn Cnaatot CnnMI I'mUwl, P.S. Ntm, CMaa Tlwm, * Ate. •Clrtalar »•. IS. 
IBM. 

»Letter. U. Cat. Kara* A. Kern*. MC, Inr bW«, H—««aarWr«. P.S. Arajr IWm. CMaa- 
BaraH-lMHa. 11 Dt*. IMS, aakjrct: Oaparatlr« Malaria Bat« aa the U4a laad PNjwt. 
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Owing to the changing of names and of geographic limits of the various 
sections, the following terms for the areas are defined (map 10): The Hase 
Section included all of India in which there were troo|>s, except Assam. The 
Intermediate Section comprised all of Assam except the portion from the 

("HAKT 1.1.—ill ark rate» for malaria. Haue SirIinn, Ixniu-llMi-mn Ihralrr. /».}}>., 
IKat« «•*|»r»**>«Hl a?* number nf ntm |«r annum |>er 1.000 average »trenffthl 
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TABU H.—AUmdc rota far malaria, Host Section, Imdio-Httrm* Iktottr, l!>44~4S 
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Mnrgheritn-Ledo HIVII eastward to tin* Hiinna iMinler. Tin- Ailv:ui<t* SITIMIII 

comprised the Miir^rheritti'Ijedo area «f Assam east to the liurniu Imrdei' and 
«11 of Jturma tliat I.S. or Chinese troops occupied. Included in this is t li*- 
territory of the Northern Combat Aiva ('oiniiiami.   'flic term ■'China theater" 
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lias been used for .-ill tln> urea of Unit country in which there weiv l'.S. troops. 
Hec-ause of the scattered «listril>tuion of nil Army Air Force troop», infor- 

mation iilnntt these forces is not i;iven s*'|w»rnt«>ly.   Their iniilstriti incidence is 
included in that of the area in which they were stationed. 

CHART  17.—Allmrk  rutrn  fur malnriii,   .Irfidmv  Stil inn.  Iiiiliiillni urn  tin »hi; l'.l\.l \.~> 
| Km.. >x|ir.-M^I im numlxr of cuw« |»r nnnuu |«>r l.lKMi uvrran »tmigth) 
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TAW.E 57.     Attack rct'ufur malaria alnnq tl,r fitilurll linnil, l!i',.f 
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It must be realized that malaria data hare numerous sources of error. 
The amount of malaria that was undiagnosed. fever of undetermined origin, 
as well as the movement of Army Air Force |>ersonnel actually contracting the 
disease in one area but being hospitalized in another, seems to have been about 
equal in the different divisions of the theater. However, the number of cases 
for which records were not turned in (treated in quarters) and the amount of 
clinical malaria reported was probably greater in the Advance Section than 
in other areas. Until the middle of 1945, the Advance Section and China 
theater hospitalized more malaria patients who had contracted the disease 
outside the limits of their areas than did the others.*' After that time, the 
Base Section figures show the same disproportionate share of malaria. This 
condition was brought about by troop movements. Moreover, the administra- 
tion of Atabrine suppressive treatment to combat forces in June 1844 and to 
those forward of Shiugbwiyang further confused the figures in the Advance 
Section. After February 1946, all troops in the Advance Section, the Inter- 
mediate Section, and a portion of the Base Section were receiving Atabrine 
suppressive treatment. Similarly, figures from the China theater are confused 
by the fact that first some ot the combat forcea and later troops in various 
portions of the theater wen placed on suppressive treatment 

Epidemic Malaria 

The only special epidemic in the China-Burma-India theater occurred in 
the F iraehi area, Sind Province, India, in the fall of 1944 (table S8)." In this 
area, ae in moat others within the theater, the close proximity of a highly 

" Uttxr. BMW, naaSaaarttn. Ttata Air Farn, US. Arajr. t» Thaatav MatarMaaM, OaV» «f 
MM Sanaa», B<«r Heart»». BaaSaaarUn, US. Anajr Form. Cataa-aVmavlaSia, ST Ha». ISM. 
■■»ft: Malaria Caatni. 

»SanaUal Taraatcal Data. U.S. Atmj lanm, Ia*na-Bana» thnter, far 18 Oet.-IB Rar. 1SH, 
aataa ST Dar. ISM. 
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infected human reservoir of parasites and of efficient vectors represents the 
potentiality for an epidemic. 

The Sind Province is usually comparatively dry from July to September, 
even though this is the so-called wet season, lint during 1044, heavy rains 
occurred in July and August, creating numerous mosquito breeding areas. 
Weather conditions were near the optimum for breeding and transmission. 
The mean minimum temperature was 80s F., or above, in the period June 
through August; practically 80° F., in September; and then it dropped to 73.7° 
F., in October. These factors produced an explosive epidemic starting early 
in September. The spread of the disease was undoubtedly aided by the fact 
that the previously low rate for malaria in this area had produced a false 
sense of security. As a consequence, there was a general lapse of malaria pre- 
cautions and failure to take seriously the warnings issued concerning the possi- 
bilities of a malaria outbreak. Soon after control was started in the area, 
satisfactory results were achieved (table 58). The effect of rapid institution 
of malaria control under such circumstances cannot be overemphasized. 

TABU 58.—Epidemic malaria in Karachi, India, JHIH through December 19H 
\Hmtr iip—J w niimbrr of cam per annum per 1400 avrwtr ttmgtal 
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Source« of Dificnlty 

In all portion« of the theaters where there were troops, makra was present, 
often highly eawkanic, and in certain area« hyperendesnic (maps SI and 22). 
With thia situation and with the impossibility of separating troops fron the 
local population, only the application of all feasible means of malaria control 
eonldkeep the rates from being excessive. Unfortunately, at the start of opera- 
tions, both antisaalaria supplies and personnel wen insist* ant to establish 
control. 

At first such supplies as wen available to the British were shared with the 
UÄ forces, and, in addition, permission was given to procure mosquito netting 
and other supplies locally, even though all supplies were short Thousands of 
laborers were made available for drainage projects and for the construction 
of mosanitoproof quarters.   Many troops did not have snCcient instruction 
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in malaria prevention, and malaria discipline was lax. Intimate contact with 
the highly infected reservoir population while working in uncontrolled areas, 
where most personal protective measures were all hut imi>ossil>le, helped to 
increase infection. Education was stressed, and malaria discipline improved 
as soon as the importance of the problem was recognized. When U.S. Public 
Health Service personnel liecome available, all the ant iniularia work was greatly 
stimulated. As supplies and personnel became available, areas were brought 
under control and rates dropped. After the use of DDT was instituted, still 
further reductions were noted, and finally, with employment of general Atabrine 
Buppressive treatment in the more highly endemic areas, rates showed a further 
decrease. When all these various means were in operation, the rates dropped 
to a small fraction of what tliey had been in the early days of the China- Burma- 
India theater. 

As shown in maps 21 and 22, malaria is prevalent to a varying degree in 
practically all areas of the theater but was most prevalent in the areas with 
the largest numbers of troops—Upper Assam and north Burma. Surveys by 
malaria personnel and local civilian assistants substantially verified these 
findings. 

Malaria in Prisoners of War 

Only a few prisoners of war were ever questioned by U.S. forces regarding 
malaria, but some captives from northern Burma revealed that malaria was very 
prevalent among the Japanese forces. Working through an interpreter, the 
following information was obtained: "Eight out of every 10 men had it." 
"They all had malaria at once." "Ninety percent had it." "Three out of every 
10 men were sick with malaria at all times." "Some men had it 8 to 15 times, 
many had it 3 to 4 times."' 

The British found that 6 of 19 prisoners from the 18th Division (which had 
been operating in Burma and China for some time) had malaria parasites in 
their blood (31 percent), and 3 out of 11 miscellaneous troops (27 percent)." 
No evidence of malaria was found in 22 prisoners from the 48th Division. The 
British also received such statement* from prisoners of war as "every soldier 
in Burma has malaria at least once." 

The number of items for prevention gathered from the battlefield, such as 
head nets, mosquito gloves, and repellents, indicated Japanese recognition of 
the problem and attempt« at control. 

ANTIMALARIA ORGANIZATION " 

In early 1942, there was no specialised organization for malaria control in 
the theater.   Control was a responsibility of individual commanders.   Pre- 

• » (It. a. Vi7. 
»train» ««Wmkr laaaialii. «tats la tale eeeMea an arrirnl tana: CD Maat*. Fiaak A.: A 

Water? of Malaria Cwtnl AcMrlMn la the Cknta-Banaa-Mta Theater froai Jaly 1MX to Jaljr ia+4. 
(OSMal mora.l (J) ****ri. Ma). Maat A. Castor. SaC, HF.aparHr». Strife« af Sapaijr, U.S. 
r*n*a la CMaa Theater, I* Oct. 1MB, mfcject: Hlrterr «f Malaria Caatroi la the Chiaa Theater. 
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ventive measures consisted of unit nmlariii discipline and. in rare instances, of 
attempts by individual commands to carry out environmental control 
operations. 

lu May 1!)42, the U.S. Public Health Service Medical ( oiniiiission to 
the Yiinnan-Biirmii Railway was seilt to K'un-iniug, detailed liy the War 
Department for duty with the military mission to China. The Commission 
was assigned to Headquarters. Services of Supply, theoretically, to the (Mice 
of the Surgeon. However, urgent need for engineers for the «-oustruction of 
airfields necessitated the assignment, of most of the sanitary officers to con- 
struction duties, with sanitation as a secondary duty. Stum, tlie Chief of the 
Commission, Lt. Col. Victor II. Haas, MC, Iwcame in effect the first chief 
of preventive medicine and malariologist for the theater. At larger U.S. 
Army installations the chief sanitary engineer undertook general sanitary 
surveys, »idle the entomologists began malaria surveys. In time, these survey» 
gradually developed into control programs, insofar as limited trained per- 
sonnel and extremely limited supplies permitted. I hiring this |ieriod, supplies 
were procured by Services of Supply, wherever they »ere available, on rec- 
ommendation of the U.S. Public Health Service. However, control depended 
chiefly on the starting of such permanent measures as draining and filling. 

As manpower wastage from malaria was considerable, the theater surgeon 
recommended the creation of a special organisation for malaria control. The 
commanding general approved, and the position of theater malariologist was 
created and filled by February 1043. 

In the absence of theater directives, the officers of the I'X Public Health 
Service outlined standard operating procedures to be established wherever 
they were assigned. In place of trained personnel, they persuaded command- 
ing officers to detail small squads to carry out environmental control measures 
under their supervision. This system worked, but a precedent was established 
which later became troublesome. This disadvantage was that the preventive 
medicine malaria control program appeared to be entirely a Services of 
Supply operation. It was not intended that major commands in the theater 
should relinquish their responsibilities even though only Services of Supply 
had the personnel and supplies available to exercise control measures. 

When the War Department announced the organisation of malaria contra! 
detachments, lour such organisations ware activated in the Chma-Bnraaa-Indhi 
theater. Initially, UÄ Public Health Service officers snd casual Medical De- 
partment enlisted men available within the theater wen to he assd. This 
did net prove satisfactory, MM these officers were attached to the ÜJS. Army 
from another service and could not assume coaunand duties. As soon a« pas- 
sible, they were replaced by Sanitary Corps officers flown out from the United 
States. 

In March 1943, when the earliest phases of the malaria control program 
for the year were commenced, there had been a shift in the theater organi- 
sation.   This removed Services of Supply from the controlling position and 
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placed all personnel under tlie coimiiiind of the theater surgeon. Miiltirin iim- 
trul and surrey unit«, which began to arrive at the end of May 1JH3, were 
mnttidered "theater" troops even though attached to and in effect o|ierating 
under Services of Supply rominand».'' 

The next organizational outline established for mahiria control assigned 
final supervision to tlie theater rather than to Services of Supply nialariologists. 

Service« of Supply section commanders reniniiied res|>onsih1e for environ- 
mental antimalaria activities. They were required to use theater malaria 
control personnel, including the assistant tlienter nialnriologist. wlio were only 
attadied to Service* of Supply for administrative purjMMes and duty. This 
program was confusing to tlie personnel actually in the Held. Those who 
were carrying out malaria control activities were not directly responsible to 
the commanders in the areas where they operated. These commander» could 
not deal with their operating personnel except through a separate and higlier 
echelon. 

This objection was partially overcome on 7 August 1943, when tlie Com- 
manding General, Services of Supply, was authorised to move personnel from 
one Services of Supply section to another, providing concurrence was obtained 
from the theater malariologist or his assistant.'* This still left a double line 
of administration. It did, however, give local commanders greater freedom 
in carrying out their responsibility for environmental control. 

Because of critical shortage of supplies, all items used in the control of 
malaria were brought under Medical Department jurisdiction." Requisitions 
were edited and distribution was made on the recommendation of the theater 
mauriologist. The scale of issue was baaed on troop strength and relative 
■aalaria hasard in various areas. Further distribution of supplies was mnde 
by the assistant mauriologist of these areas. The control of supplies was 
exercised far more diligently by the theater malaria control supervisors than 
was control over the units. This was due to the fact that the units wet» 
assigned to extremely large areas and that they cmdd scarcely ever ha m 
■ones where the need for their services waa not great. On the other bawl, 
supplies wer» a» scarce that strict, can had to be maintained to aw that 
they wen distributed to critical points at critical times. 

This ryatem waa not without anwisldy characteristics. The mteinntian 
of two command headquarters between supervisory aad operational anthaalark 
panannal ant all action a mag way around totere it went haw afuut.   With 
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CHART 1&—Malnrla control oryMs-livm, HrndqtmrUrH, rkimallurmalmilia Ihraier, 19)3 
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1944, the more conventional formt* of organisation continued to be and. At 
the end of June 1943, the theater surgeon's staff was farther increased by the 
designation of four assistn.it theater nulsriologists. 

In December 1948, the title of malariologists «as abolished by the theater 
commander and was replaced by that of medical inspector special (mahvr- 
iologist).   The dnties of this officer were ss follows: 

By 1 Jaaonry 194«, all ÜÄ PnUie Health gerne« oaken engaged m the 
and preramtrre msdicins programs had beam ratamed to the 

anhand esrriess of inestimable »ahn to the ÜA Army. 
Untfl March 1944, malaria control orgaahnttioas were administered directly 

«s by the theater mahviomgist (chart 18). After this 
thns, the theater malarkMogist was completely divorced from the control or- 
ganisation (chart 19).   Ha retained only the function of inspection, general 
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I'n.urr 111.— Malaria nmlmi arauiiizntinu. latliii-Hmmii thmUr. H/tt-r Orttilur l!>H 
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planning, and recommendation. The remainder of the organisations look 
over independent operation in each of the several comumnds lo which they were 
assigned. At this tine an all-inclusive theater directive governing malaria 
control practice« and policies was prepared by theater manriokariaU. Accord- 
ing to the new directive, personal protective measures were to be enforced by 
couamend dkcipline. Services of Supply was made responsible for control of 
malaria and waa ordered to direct ita metion commanders to take all necessary 
action. Procurement and inane of supplies remained with Services of Supply. 
Monthly reports of the mabriologiets in each Services of Supply sect km were 
to ha sent to theater headquarters rather than to Services of Supply 
headquarters. 

The new arrangement was not mt »factory. The Air Forces protested that 
the new directive waa contrary to established regulations in that it relieved 
unit and area communders of their responsibility for the initiation and enforce- 
ment of malaria control measures.   The practical disadvantage to the arrange- 
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nient. insofar ns tit« Air Foive was concerned, was that die deployed Aroiy 
Air Force troo|>s were likely to ciane under tli*> jurisdiction of several different 
malaria control program» and agencies. With these objections Services of 
Supply agreed. While elements of malaria control anil the activities of anti- 
malaria unit» might conceivably be delegate«! to Services of Supply, it was not 
apparent how the Air Forces could lie relieved of, or Services of Supply assume 
the re8|M>nsibility for malaria education. discipline, ami the enforcement of con- 
trol measures. It was also obvious that since environmental measures were 
an integral jmrt of tlie discipline, these activities could not tie entirely divorced 
from other command res|>»iisihilities. Kes|M>!isibility for cuortlination and 
advice was too completely removed from operations to bring the malaria con- 
trol program to a high degree of effectiveness. A second defect was the lack 
of centralized or uniform |Milicy. 

The solution to the prohleui was the consolidation of the staffs of the 
tlteater and the Services of Supply surgeons (General Orders "So. 104, on 
22 Aug. 1"44). Tliis merger solved the majority of difficulties which had 
arisen out of the confusion of command in technical channels of authority. 
In the realm of malaria control, tlie fact that Services of Supply had malaria 
control personnel assigned to it, while tlie theater had tlie malariologists and 
most of tlie other preventive medicine personnel, made little nr no difference, 
since all members of tlie staff were unified under tlie direction of tlie deputy 
tlieater and Services of Su|>ply surgeon. Kven the formality of preserving 
the identity of tlie two staff sections la-came unnecessary in May IMA, wlten 
the Services of Supply was almoriied into a single tlieater command. 

The China area until Ortolan- UH4. when it became a separate tlieater. 
was administered as one of tlie major sections of tlie China-Itnroia-India 
tlieater. After separation, a theater headquarters was established. In January 
1944, a malariologist for the area was ap|M>inted. In March 1144. malaria con- 
trol was made a function of Services of Supply. After October 1MT», the 
duties of malariologist were assumed by tlie theater medical inspector. With 
limited pmsonnel and equipment, control measures had t« lie confined to the 
larger installation*. 

Although for a great portion of the time the various section commanders 
were responsible for malaria control measures ami distriliution of supplies, 
um functions were supervised either from Services of Supply or theater 
headauarten. Them various section headquarters issued their own malaria 
control directive«. In moat major features, the directives were essentially 
similar, varying in minor respects, relating mainly to physiographic ami 
biologic differences in malaria epidemiology. 

For all practical purposes, no great distinctions were made In* ween for- 
ward areas and rear areas in regard to this program. As already stated, the 
Army Air Force installs) ions had command responsibility for malaria disci- 
pline and such preventive measures, but the physical control measures were 
carried on by the troops assigned to Services of Supply.   At this late date, 
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it is practically ini]>ossihle to follow the eccentricities of I lie developing plan» 
of (lie .sections. Throughout the theater, the program was varied to meet the 
immediate needs of the problem tit linnd. The assist ant nialariologist* in the 
various sections had free reign to make such modifications in existing programs 
as they deemed necessary for the adequate and prompt control of the disease. 

For the most part, the activities of malaria control in (his theater were 
carried out by a self-contained organizat ion. I lowever, liaison wit h the South- 
east Asia Command was permanently maintained. At times, the consultant 
nialariologist for this command undertook »|>ecial research in connection with 
the development of programs within the theater. 

Exlracantonmental Control 

From the liegimiing of the program, it was obvious that some »xtra- 
cantonmeiit sanitary control was necessary if adequate protection was to be 
provided. It was recognised that this could not lie carried out effectively by 
r.S, authorities because of tlte unusual relationship which existed between the 
Central ami Provisional Governments: because of language difficulties, each 
area having a different dialect; and most ini|iortaiit, because of religious cus- 
toms which, for example, made ini|>ossible the spraying of the Moslem homes 
by a squad of "GI's." By working through General Headquarters. India, 
the Central and Provisional Government« were contacted early in 104-1. and 
they instituted a program of extracantonment environmental and sanitary 
control around many of the larger I'JS. Army installations.'" 

In the Calcutta area, two other procedures were follow«!. In some of 
the outlying areas, an arbitrary division was made so that CS. forces controlled 
one side and British or Indian forces took care of the other. These projects 
were made effective by close liaison. In tlie large dork ami warehouse district, 
control was placed in the hands of the Garden Beach Anti-Malaria Associa- 
tion." This eaVient. cooperative organisation was paid to control certain 
areas and thus conbl augment its existing program to include the territory 
occupied by ILS. forces. 

Antimalaria Details 

Under the authority of War Department Circular Xo. ttA, dated 21 
September IMS, and the India-Burma theater Circular Xo. 11, dated 31 
January 1M&, antimalaria details were formed in all companies and similar 
organizations. They carried out simple antimosajuito measures such as main- 
taining moatnitoproonng, aerosol spraying, ditching, and krviciding. At 
times, they did the highly beneficial residual spraying (with 5-percent DDT) 
and maaqaitoproofing within their own organisation*.    Their duties were 

« Uttor. AesMaaal Dwir btnuir to tW Qmwni t Mto, M aU Piwrtortal dwirnK»I.: 
Tt* lant to the Ownf U—wl. BuMiat aa* CbM c i I I ■ r. IWwMftu: Tk> Cklrf CMa- 
«toafcawr, MM, 11 imtj 1M4. laajut: Ihuwif to Bmtei* tb* ■!•* at lafccttaa I* I'.S. Armj IWm 
cajasa Can»i bjr lMeaawlaa Yniian 

•1ml BasMt, SrceKanr. Oarers indi Aatl-Malaria Anaartaltoa. Calnrtta. IB44-W. 
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undertaken nfter preliminary training with the ninliiria control detachment 
or under the sujiervisioii of the battalion surgeon. These units were not at 
all times effective; for example, when the personnel were used for oilier duties* 
und did not have time to attend to the malaria program. This was especially 
true where the medical section was made responsible for these activities. 

Most of these details should lie described as antimosquito details rather 
than autimalaria details. Their work as a rule eliminated numerous breeding 
areas for pest mosquitoes. Most of the anopheline vectors of mularia did not 
breed in situations which the details controlled. However, their effectiveness 
in the overall picture should not lie forgotten, because some malaria was 
undoubtedly prevented by their efforts. 

Malaria Laborers 

Most, of the malaria mosquito control projects required extensive labor, 
due to the topographical conditions and to the lack of available mechanical 
equipment. In order to facilitate the work, large numliers of laborer.* were 
employed. Most of them were hired by tlie Army ami had had no previous 
experience with this type of work. Some were supplied by tlie Indian Tea Gar- 
den Association. In addition, India Pioneer Corj>s, Porter Corps, and Chinese 
Army troops were used. In many instances, tliey worked under tlie supervi- 
sion of Indian Army units. 

When it was possible to retain the same personnel and to give adequate 
supervision, results were good. However, in some cases the personnel would 
not be the same from day to day, or at the most would only be retained for 
a very short time. Under tlieae conditions, results were by no means as satis- 
factory. In a few areas, sufficient laborers were not available, and. as troop 
at rengt h was always low, necessary opera t ions suffered. 

Supervision of these workers was a serious problem. Kven though they 
were for the most part employed as simple laborers, for example, to clear 
ditches, they had to he instructed. At first malaria control personnel were 
used as supervisors, but, as projects expanded, their numbers were not sufficient. 
At that time, personnel from other organisations, such as Quartermaster truck 
companies, and Quartermaster service companies, were used for this purpose. 
These men «ere not trained for the work, but members of the control organisa- 
tions qniekry snowed them what was needed. In this way, some specially 
trained personnel could he released for other necessary work. 

In the Ledo area, another method of supervision was employed. Stationed 
in this arm was an Indian Army antimalaria company, and it was arranged 
to hare them take over a considerable portion of the supervision. This worked 
well, as the men had not only been instructed in the fundamentals of control 
bat also did not hare to contend with the language barriers that made super- 
vision so difficult for ILS. troops. 

In the China theater, both Chinese troops and locally procured laborers 
were employed. 
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Organization for Airplane Spraying 

The first DDT uir-spniy ex|M»rimeut in (lie ('liinti-1 turiiiii-1ii«lin theater 
was «lone with an l*-4 cult plane equipiied with Iltuisiimii-IiOiigcov accessories. 
It «lemonst rated that air spruyiiig was effective against both larvae and adults, 
IM» the plane was ton small for the joli in this theater. 

Suh> quently. in the India-Huriun theater, the 1'—Ml, l'-47, and li-:i."> 
planes were investigated. After experimentation, it was finally decided that 
the li-2't had the most desirable characteristics. Il liad (lie essential large 
carrying mimi-ity. long range, und manueverohility. Some K-'J't planes were 
therefore H|iiip|>e<l witli a ."»«."»-gullon bomb Imy tank, an M-JW ('WS «lischarge 
tnlie, with suitable outlet valve, and an operating lever. Kxis-rimcnts with 
this equipment indicate«! that under normal conditions the following results 
could lie expected: (1) Each planeload of 585 gallons of 5-percent DDT 
solution could he spread over a swath about :i00 yards wi«le and !> miles long, 
and (2) the rate of dispersion across the swath would he reasonably uniform. 

lly tlie fall of 1H44, after <( IIHMIIIIS of exiterinientntion, an organization 
was develo|ie<l. consisting of three It-£i planes mo«lified for air spraying, six 
L-."> cub planes modified for air spraying, and two M-4 Cliemk-al Warfare 
Service decontaminating *p|iaraltis, for mixing DDT solutions. The |iersonnel 
were pilots and ground maintenance crews, two malaria control units, and «MM 
malaria survey unit. This organisation was completed by Fetmiary UMA and 
continue«! in operation throughout the season. It was oiierated by the I'.S. 
Army Air Forma under tlie name "India-Burma Air Spray Flight." Over 
70,000 pounds of DDT were air sprayed in tlie form of 5-percent kerosene 
solution during its 1» months of activity (fig. 46). 

Experimental work led to the following conclusions: (1) When spray 
application» were followed within a few hours by rain, the effectivenctM of 
the spray material wait greatly reduced; (2) the continued low mosquito 
population in area« treated after 1 March llWi» wan due to its early reduction 
during tlie premonsoon season; (3) in order to tiring tlie mosquito |io|nihition 
ander control daring the monsoon season, it was necessary to make applications 
more often than every 14 days or to use a higher concentration of DDT; 
however, no data are available on the effectiveness of a higher percentage of 
DDT; and (4) ander the conditions of the experiments, the effective period 
following aerial application of 5-percent DDT was no more than S days. 

Air spraying was established in tlie India-Banna theater on the premise 
that k would supplement ground work and be especially useful in rapidly 
controlling newly captured sieaa. 

Then were certain bask organisational diaVukirs which were never com- 
pletely overcome. The three major subdivisions of the theater were all inter- 
ested and involved in this project. The l*JS. Army Air Forces had the planes, 
pilots, and maintenance facilities. Services of Supply was responsible for 
malaria control; it had the antimslaria units that did the groundwork snd 
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determine*! llie need» for air »prayin>r. Tlie Nort liem Combat Are« Command 
IHMI mi »re« of rrsjMtfiHihility, «iitiiiialarin unit* «HI the i/nmnd. «ml occupied 
• rapidly HiM-lnatiii^ front tlmt needed «ir »praying. Tlie administrative 
problems were immeron» ami complex. Tlie overall result!« olrtained were «» 
good «»could beexpected in «theater where il ist i net ion lietween «ir and ground 
force»' authority was KO nlu»rj)lv drawn. (Jround-air liaison, alt I tough »tressed 
try both sides «a being one of the most ini|iortant features of the pnarrani. was 
never effectively carried out. Kven tlie HimpleMt tj|m»of liaiMMi «tteni|ited did 
not achiev* any definite result«. The inability of the air-apray Might to meet 
it» commitments definitely hindered thin phase of the program. 

Starting in August 1W4, L-& rub aircraft were used for air «praying in 
the Chin» tinier, «round hostel« occupied by l\S. troop*. A 5-percent 
IMJT solution wan dissolved in « mixture of Chinese gasoiiue, 6 part« «ad 
berufne, 4 part«. It wa« found that this mixture did not have a burning 
eiset on rice and adjacent crops.   IntuaVieiit DDT wn «r«ilablej to obtain 

As the «parity and flight range of theae planes was limited, eaVient 
ground-air liaison was easily maintained. 

Activities of Other Army Organisation» 

Kxcept for sn|>ply activities of the Quartermaster Cor|w ami Hie Corps of 
Engineers and limited program» by various Army Air Force installations. 
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no oilier agencies were engaged in s|iecial nutiniiiliiriu activities. Th«> Air 
Fon-« bases usually followed |>olicies agreed II|M>II between their surgeon und 
either the theater nmlariologist or assistant malariologist of the various sec- 
tions. In tliese activities they were often liel|ied by the malaria control per- 
sonnel assigned to Services of Supply. 

At times, the Quartermaster Cor)» and the Knginecr Corjis were res|»on- 
sible for the requisitionin}: and issuing of the various malaria control supplies 
and equipment. As already discussed, for a lime this res|x»nsiliility was taken 
from them and given to the theater malariologist in order that more adequate 
and equitable distribution could he made. 

ANTIMALARIA ACTIVITIES 

Malaria Education 

Training.—Xo s|iecinl technical and professional schools were maintained 
for antiinalari« training. A few officers were assigned to take the general 
course at the Malaria Institute of India in Delhi. Some medical officers in- 
formally attended oilier established centers, such as the Calcutta School of 
Tropical Medicine. The opportunity for such instruction was unfortunately 
restricted by the capacity of the schools and by the limited personnel available 
for actual control work in the theater. Instruction of some of the enlisted men 
in malaria detachments was more easily accomplished at tlie various hospital 
and medical laboratories in which tlwy worked. Training of this ty|ie, while 
greatly needed, was of necessity somewhat informal and erratic owing to the 
constant shortage of personnel. 

Formal education of the troops in malaria prevention was initiated fol- 
lowing the publication, in September 1043, of War Department Circular No. 
228, which required that all personnel in the Army undergo an intensive 4-hour 
course in malaria and its prevention. This course was to be given before oversea 
assignment. For those troops who were in the theater before the issuance of the 
directive, instruction was given in the field. 

Education of incoming troops started on the transport at the port of de- 
barkation. Personnel were given a lecture on anlimaUria procedure and re- 
minded thai they were entering one of the most malarious areas in the world. 
They were told how to protect themselves, and special emphasis was placed on 
the immediate problem of protecting themselves while traveling across India. 

At various times antimalaria personnel, either singly or in small group«, 
circulated through the theater contacting organizations. In lectures they ex- 
plained the antimahria program, answered questions concerning it, and 
checked the antimalaria campaign. 

llaj. Gen. (later Sir) Gordon Covell, Malaria Institute of India, lectured 
on the problem and its control at various location* within the theater. At- 
tendance of at least one officer from each VJS. Army organization in the areas 
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was required at the!« lectures. This program was well received and was of 
definite help to all concerned. 

Organizations that reported a high malaria rate were visited by various 
antimalaria personnel. Ins|)ectioiis were made and pro)>lems discussed. When 
necessary, instructions were given to the malaria control ollicer, antimalaria 
detail, or at times, to as many of the command as could IN* gathered together. 
This was particularly ini|>ortaiit in relation to the DDT residua) spray pro- 
gram. Tlie result of these activities was better cooperation in the existing 
programs. 

Propaganda.—The bulletins of the various headquarters published all 
necessary information about malaria control. Tliey were used to inform all 
personnel when changes were made or to emphasise some as|>ects of the program 
which were not receiving sufficient attention. These publications were used to 
pre*wre for the DDT residual spray program and air-spray o|terations. Var- 
ious news slteets stressed the program with frequent short notices, warnings, 
and notes about changes in the program. 

Attractive posters were supplied for exhibition in dayrooms, on bulletin 
board*, in messhalls, and in orderly rooms. These stressed |>ersonal preventive 
measures, Atabrine (quinacrine hydrochloride) suppressive treatment, and 
otlier aspects of the program. Attempts were made to have the posters changed 
at frequent intervals in order to maintain their effectiveness. 

Radio reminders were used in the various (il radio stations. Tliese varied 
from simple warning statements (several times daily) to short skits. At (SI 
movies, antimalaria trailers were used with almost all shows. In addition, the 
various sliort films on malaria were shown at intervals throughout the theater. 
In connection with this, it might be noted that to enter a motion picture theater 
one was usually required to apply a repellent liberally. Road signs were used 
extensively from tlie port of debarkation to the gates of K'un-mi ng. 

In 1W4 and 1945, the troops in this tlieater had a working knowledge 
of malaria and they were never allowed to forget it. Some propaganda methods 
wen used so frequently, however, that their effectiveness was impaired. 

Survey Activities 

Both entomological and parashokgical surveys were conducted to obtain 
the necessary information concerning species of AnopAeie«, their distribution 
and habits, and their importance as vectors, and to determine the prevalence 
and types of Pfmmodiwm. However, most malaria survey detachments within 
the area were actually engaged chiefly m control work. On the other hand, 
certain control detachments supplemented their work by survey activities. 

In areas where limited or no information was available, these surveys ob- 
tained sumcient data on which to base specific control measures. I'nfort unalley, 
records are not available to give a comprehensive summary of this work. The 
following record of t he Sftth Malaria Survey Detachment that was able to devote 
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its time to survey activines will give some idea of the extent of information 
compiled. In one year, more than ."ijMi thiek- und thin-liliMMl Him examinations 
(34.8 |)eivent jiositive for I'luxHiotlinin), represent ill); over 1:2(1 jrroups of in- 
dividuals, were examined. More than :M>.<XXI Aiio/i/n/m larvae from over 1,:H>0 
positive oollertions and ."...*.(HI adults from moiv tlinn :!•"><» frroii|»s of collect ions 
were identilied by species.   Over :2.."><>il mosquito dissections were made. 

Mosquito Control Measures 

Larviciding.—Ltirvifidiujr was one of the most iin|Mirtant methods of 
malaria control and was utilized throughout the China-Iiiimia-Tndin theater. 
The availuhility of Malariol or other larviriding material and the ease of ap- 
plication by untrained labor added to the desirability of stressing this method. 
It was used extensively where other methods weiv not feasible, for example, 
in ricetields which could not lie drained liecausc of their essential food ero|ts, 
in low flat areas which could not he drained satisfactorily, in water tanks (that 
is, reservoirs) essential to the life of villagers, and in breeding places retpurinj* 
only teni]>orary treatment or control only until more permanent measures could 
be put into effect. 

Although Malariol was used more extensively than any oilier larvicide in 
tlie India-liumia theater, paris green was used in China in many of the rice- 
tields, and white gasoline was sprayed in wells anil in some tanks. When DDT 
became available, small amounts of it were dissolved in oil and this acted as 
a more effective larvicide. Smaller amounts of the DDT solution could be 
spread effectively over larger areas than could be controlled by simple oil 
sprays. In tlte China tlieater, waste motor oil ami lung oil kerosene were mixed 
and extensively used as a larvicide. DDT dusting powder was found to be 
superior to paris green and was widely used to control mosquito breeding 
in riceftelds. In addition to tlte ground larviciding, the air-spray program was 
established. It was found that this method was useful in large, flat, inaccessible 
swamp areas and also in quickly controlling the mosquitoes in newly captured 
areas. Effectiveness was definitely limited by rough mountainous terrain, which 
kept plane» high, by dense jungle canopy, and by monsoon rains which fre- 
quently prevented routine operations or washed away the DDT immediately 
after spraying. 

FtHtaW UMl charing —Filling for malaria control purposes was little 
need largely because of inability to obtain vehicles to transport fill and also 
bemuse of lack of machinery to obtain material for filling. 

Clearing was done extensively in connection with drainage. In many 
cases this was the only method of revealing detailed topography so that 
drainage could be establislied. In addition, continued clearance of secondary 
growth in establislied drainage canals and other waterways was necessary 
so that larviciding and inspection crews could have access to mosquito breeding 
areas.   For all these oj«ration*, simple handtools were all that were available 
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in the majority of ruses: in some sections, however, powersuws were used etfee- 
tively in clearing logjams and a right-of-way. 

In tanks (that is, earth-bunded reservoirs) for ground shortage of water, 
the situation amounted to » constant struggle to keep »head of the abundant 
aquatic growth. Various methods were tried, lint only two were at all etrcc- 
tire, the first lieing hand cutting and pulling, und the second a method 
of dragging. In the latter, a drag was attached to the winch «-aide of a 
truck and this was pulled across the tank, Hoth of these methods were slow 
and, due to the very rapid growth, weiv only imrtiully effective. 

Drainage.—Adequate drainage wherever iiossihle and larviciding of other 
areas constituted the main antilarval operations. Literally hundreds of miles 
of drainage canals were dug and maintained hy the malaria control detach- 
ments. In all hut a very few areas, this work was done hy laborers under 
the supervision of the control detachments or other personnel working for them. 

In some of the northern Iiurma areas, dynamite was used to estahlish 
drainage. This was an effective method and required much less mati|iower 
in an area where manpower was limited. Of course, lalior was needed to 
maintain this drainage once it was established. No machines were available 
for ditching within the theater. 

Naturalistic control.—No attempt* were made at regular flushing of 
waterways within the theaters. 1 hiring the wet season, flash floods occurred 
frequently. For this reason, every effort was made to keep all drainage ways 
free from vegetation so that these torrents would lie given full opportunity 
to flush breeding areas. 

In portions of tlie Calcutta area that were being controlled by the Garden 
Reach Anti-Malaria Association, tidal flushing was utilized. 

Tlie UÄ Army did not attempt any naturalistic methods of control. In 
some villages surrounding various installations, however, tlie tanks, wells, and 
other waters had been storked with larvivorous fish which helped to control 
mosquito breeding. It might be noted that in many areas tanks were used 
aa commercial fish hatcheries. Tlie Ash undoubtedly helped reduce the mos- 
quito population. 

Due to the enormity of the problem and to the lack of special equipment 
or time for much experimentation, few special methods were utilised in the 
theater. One special method used was assault boats fitted with power sprays 
to disperse krvkide in some of the rivers and larger lagoons. 

AMtkMul apraftv—Spare spraying was carried out in buildings 
throughout the theaters whenever the necessary materials were available. Aero- 
sol bombs, band sprayers, and, at times, knapsack sprayers were used. Particu- 
lar attention was given to barracks, mesehalk, and latrines. The effectiveness 
of this method against flies led to its use in buildings where mosquitoes 
were not the primary problem. These activities were carried on by the organi- 
zation's antimalaria details or by individuals within their own quarters. The 
frequency and thoroughness of such spraying depended upon efficiency of the 
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«praying crews. The proper method «n outlined by the various malaria 
control directive». 

Limited space spraying outside of buildings was attempted. For ■ time, 
spraying of open-air movie areas was undertaken. However, before this 
had been fully organised, the DDT residual spraying program was established, 
and many of these areas were treated by the latter method. Spare spraying 
was also accomplished by the air-spray program as the DDT in oil acted as 
a space spray as well as a larvicide. 

When quantities of DDT became available, an intensive residual spraying 
p.ugram was started. The details of application varied within the various 
sections of the theater. Village buildings within the supposed moeqaito flight 
range were sprayed by the malaria control detachments, while in some areas 
they ah» sprayed troop quarters and other buildings. When the spraying 
of the very numerous local villages constituted a major problem, the spraying 
of military quarters was left to the organisational antimalaria details. These 
men were trained whenever possible by members of the malaria control detach- 
ments (figs. 47, 48, 4», and 60). 



CHINA HIHMA IMHA 380 

noi-K 48.—DDT rrakfaal fptajiag In nativr aaanm. owta* barkparil «pray wilk 
rxtrttKtoa mmJr. vlrlniry ut Lnfc», Amam. 

The frequency of the «praying depended upon climatic condition* (an I hey 
influenced breeding and transmission), the scope of the program, and the 
amount of spray neceawry for complete coverage. This program was streaaed 
until it became the most ruVient and probably the most effective portion of the 
aatimaktria campaign. The relative earn of application, the duration of the 
spray deposit, and the readily visible effect on most insects won for it almost 
wholehearted cooperation. 

at the theater, the naceasity for screening 
; was stressed.   Due to a limited supply of materials, more 

i distributed, by order of the theater nudarialogiat, to the areas of kighar 
ennemirity than elsewhere. Hessian cloth (burlap) and maauuito nett« 
used. During the carry days of the theater, the entire anppty was of ' 
aaUBufacture and was very scarce. During ltM and IMS, large aaaoanta of 
American made netting and nylon and wire screening arrived to enpaliment 
the British stocks. However, it was not until amdaununoT of IM» that sunV 
eient Quantities could be moved to the forward areas in Burma to meet the 
demand. Mosauitoproonng in the China theater was never adequate. The 
malaria control units distributed the maeqaitoprooAng supplies, supervised 
installation, and checked maintenance. Without this skilled sanstaare in the 
India-Burma theater, mosqu:.oprooAng would have been much lees effective. 
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Ths Standard material» «w nnrlap (hessian cloth) for walla and ceilings 
■ho netting for door» «ml window«. The Material» deteriorated 

rather rapidiy in Ihw jangle bat irm usaally effertirr an long M the orgnaina 
tion wan stationary. Both the American pyramidal and th* British EPIP 
(Enropoan Privaten, Indian Pattern) tonts providrd romfortaWe living onar- 
ton when placed over a wood» Irani* work, elevated to giro «-foot aidewalla, 

noannhoproofed. Xjrlon and win screening was nntd in relatively 
Iwikling«, snrti as hospitals and nwnValh (Bg. 51). 

Basba-type bnihtinga (gran» and bands»ronatmction) wer» often mosnai- 
toproofed by native contractor« under the «nperviaion of malaria control per- 
sonnel. This Method was very effective, and as the men became trained in its 
one, eaV-ienry was increased ami waste decreased.   In these more or less per- 
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tmikUnga, moaqvitoproonng mated for a considerable length of time 
«fr«). 

Hiintaniwi of aMeqaJtopronfing wma the reaponsmility of the individual 
otf^ii>tk«ha<w»eehBtked by »^km control pereownel In the areas where 
fwootnt movement of the organisation occurred, then was considerable bat 
■■avoidable wastage. 

Bed net« and jungle hanunorks were need throaghowt the theater. Early 
models of bed net» were of poor quality; they restricted air movement, and be- 
en» rapidly mildewed.   They were hot and «nelly.   Later niotleb were made 

cstxir- -» 
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of a tightly woran netting and wen Ices objectionable. Little trouble was 
experienced in enforcing the bed net regulations. Jungle hanunocks were need 
in forward areas until permanent quartan could be erected. 

MeeasaHo ranillsnta.—Ample quantities of insert repellent began arriv- 
ing in the China-Burma-India theater in the «owner of IM«, and it became one 
of the few items of which the supply exceeded the demand. As the relative 

of the various formulations became known, all but ilimsthjl 
discarded and returned to Quartermaster stock. 

i universal}/ objectionable to the troops, as thejr added to 
the general discomfort.   They often smarted when applied to wind- or snn- 

i skin, they wen sticky and oily, they made the user feel hot, they sailed 
, sad dissolved plastic.   They wen not used by the avenge 

r or whan then wan« 

with but fair success. In some sections of the theater, it was hupomible to go to 
OIn««^«W««i.i«kledtö»liW.Uppli«iionofi^-Jleoc White all 
individuals had npsUent available and most believed in its effectiveness, Ha urn 
was not as general as H should ban been. 

PiototUvo flsthuag    Head nets and mosquito gloves wen seldom if ever 
They wen extremely uncomfortable and restricted the Hkiency of the 
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r.   In m few instances guards wore them bot their use was soon discon- 
tinued entirely. 

Atabrine Suppremhre Treatment 

Tb* history of Atabrine in the theater is a reeaphaktion of the general 
experience of the Army with this drag. Its am was characterised by the heri- 
tation and raeilhUion common to all theaters daring IMS and early 1M& The 
thsrepeatic raJaa of Atabrine was established and accepted by madia 
hmg before its sappnmire propertim were fairy apptaniatad, Atabrine 
mad saxuasfally ■ the hospitals in accordance with the ■agamtioas and ditoc- 
trres pobtished by the OaVa of The Sargeoa General, bat no effort was mads to 
smpjoy the drag on a large scab for its prophylactic effects daring the cam- 
paigns of IMS. 

Circular No. ft, pnMiahed on 8 April IMS, contained this phrase: «*• • • 
am of drags for snppmsion of malaria symptoms, an emergency measure, to be 
employed only where other methods are impractical or inadequate, and depend- 
ent on military necessity when ordered by the commander concerned on the 
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advice of the chief surgeon concerned." Again, on 7 August VM\, theater 
directive on malaria control (Circular No. 42) stated: ••* * * prophylactic 
administration of drugs against malaria is to be carried on only when directed 
by the theater commander." 

In the spring of 1944, when the Japanese hold in northern Burma was 
challenged, mass atabrinizatkm of troops exposed to the malaria hazards of 
this hyperendemic area was started. The administration of one tablet of 
Atahrine daily was prescribed for "all American and Chinese troops operating 
in upper Burma forward of Shingbwiyang and west of Paoshan, Yunnan 
Province, China." n Some months later, the Atabrine zone was extended 
northward to include the extreme northern tip of Burma forward of the 
Tirip River (some miles east of Ledo). In September 1944, it was decided 
to continue this suppressive program indefinitely. At the same time, units 
and individuals leaving these areas were directed to continue taking Atahrine 
for at least 4 weeks after departure. 

The early program of suppressive treatment was not successful. In July 
1944, malaria reports from the Northern Combat Area Command recorded 
6.8 percent of I'.S. troo|>g as malaria casualties (698 per l,iMMt |*r annum). 
The causes were manifold—lack of understanding of the suppressive action of 
Atabrine, poor discipline and indifference, poor morale, and hostility to sup- 
pression caused by the belief that it lessened the soldier's practice of individual 
protection against mosquitoes. 

The belief that Atabrine suppreasire treatment was detrimental to malaria 
discipline and to personal efforts to evade the mosquito pern .<*ed among many 
thoughtful and experienced mahriomgists throughout the remainder of the 
theater's existence. Once the idea was brought home to the soldier that faith- 
ful taking of one tablet of Atabrine a day would keep him from getting clinical 
attacks of fever, he became somewhat indifferent to the occasional mosquito 
bite that otherwise might have caused him real concern. 

Atabrine propaganda, to be effective, had to be dogmatic and forceful, 
emphasising good features of the drug and minimising its shortcomings and 
occasional undesirable side effects. This caused a certain amount of dissatis- 
faction among medical nahem, especially those who questioned the intellectual 
honaaty and scientific accuracy of auch propaganda. The theater surgeon's 

i at times hard prasad to maintain its policy aa kid down in omcial 
rhen presented by evidence as to the occasional tone effects of 

Atabrine. 
In December 1944, the theater ssrsnon, blowing that Atabrine discipline 

in the forward anas was not producing the desired suppression of ctmieal 
personally visited a huge number of combat units and supporting 
then operating in the Bhamo LsshJo-Myitfcyina area. The interest 

in Atabrine aa a suppressive drug at thai time is further demonstrated by an- 

us. »I, mar maabJB SMOasntM«. US. in» Witt». CMaa-Baraa I■«■. a Mar. ISM. 
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other tour conducted iii<le|M>ii«lt>n(ly by representatives of ihr Advance Sec- 
tion. It was inevitable, therefore, that the conference called l>y tlie tlieater 
surgeon in late December 1!44 to revise malaria control policies should have 
been dominated by a desire to emulate the extraordinary success of tlie 11)44 
malaria contnil programs of the Australian and American forces in the South- 
west Pacitic Area. As a result of this meeting, India-Itiimm tlieater Circular 
No. 11 was published on 31 January 1JM5. This directive provided for tlie 
extension of tlie compulsory Atabrine suppression treatment to include most 
of the hyperendemic malaria areas in Assam, Kast Bengal, and all of Burma 
(comprising about 450 percent of tlie India-Iiunua tlieater strenjrtb during 
the period January through August 1045). This was a compromise between 
those who believed that stippreseive treatment should be restricted to troops 
living continuously outside the protected areas ami those who believed that 
there should lie a blanket suppressive treatment covering tlie entire theater. 

On 28 January 1045, India-Burma theater Circular No. 4 was published. 
It waa educational in form and purpose, containing a summary of the new 
work in the Southwest Pacific Area. It emphasised tlie absolute necessity 
of 100 percent daily Atabrine administration. 

By the middle of March 1045, the Atabrine program was fully established 
in the designated area. Its success, even beyond expectation, was due to a 
remarkable degree of command acceptance of responsibility for its execution. 
The low winter malaria rate continued on into the spring ami summer and 
stabilised between 15 and 20 per 1,000 per annum. There was no appreciable 
summer or fall increase in malaria morbidity. The highest incidence of ma- 
laria in IMS occurred in the Base Section outside the Atabrine aone, where 
the rates differed little from those of prerious yean. 

On 4 April 1M5, China theater Circular No. IS directed the nee of Atabrine 
sapprisaire treatment in the more malarious areas of the command. Results 
similar to those in the India-Banna theater were achieved. 

The relative importance of the blanket Atabrine sappressire treatment 
with that of the taVicnt environmental mosquito control program 

at by China, Barms, and India malaria control detachments in 
oder control will never be determined. That mosquito con- 

trol was brought to an extremely high feral of eaVtiventaa daring IMS 
he dented. Irrespective of relative effects of these factors, there re- 

oaa other factor that undoubtedly had a major inffnence on afek rates 
the feat 0 months of 1MB. Except far traflfe operations along the 

StihrsU Bead and air support of British forces in central Banna, most of the 
UÄ troops, soon after the capture of Leshto in March IMA, quickly retained 
to a tranquil and orderly garrison life in well-policed and relatively mosquito- 
free areas. 

After an exchange of correspondence fete in 1045 between theater head- 
quarters and the new Intermediate Section, the Atabrine sappressire treatment 
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program »as considerably modified. The main clmnge «us to j>ut siippressive 
treatment on an optional basis in the large well-controlled troop concent nit ion 
areas. Tltis was because of the excellent state of mosquito control in these 
areas and becau.se of tlie growing concern over the rising incidence of atypical 
lichen plant». The change was agreeable to all and appeared to be working 
reasonably well up to 4 December ex«wpt for a mild increase of recurrent 
malaria in troops en route to ports of embarkation. Attempts to determine 
the total incidence of suppressed malaria in the troops living in the advanced 
sections were not particularly successful. 

On the debit side of the ledger must be recorded the occasional toxic 
reaction to Atabrine. Uf the various conditions held to be due to Atabrine 
intolerance, the syndrome known as atypical liclien planus was the most impor- 
tant. The transient gastrointestinal upsets sometimes seen in the first week 
or two of suppressive t rest ment caused no serious concern. Likewise, Atabrine 
psychosis was of relatively little importance. Precise data on the occurrence 
of atypical lichen planus in the India-Burma theater are not available. It is 
believed that the total number of cases was about 260. 

In August 1944, a malaria commission for instituting research in malaria 
was established. It was to deal chiefly with the chemical problems connected 
with Atabrine therapy. Unfortunately through lack of cooperation, the com- 
mission was broken up on arrival. Early in January 1945, it was established 
at the 20th General Hospital in Ledo, Assam. One of the chief aims was to 
develop » simple urinary chemical test that would indicate the concentration of 
plasma Atabrine by using a technique developed by the British and described 
in Interim Report No. 27 of the Malaria Research Unit, November 1944. A 
paper describing this research was forwarded to The Surgeon General on 16 
August 1945. This work was well received and proved to be of value to com- 
manding oScers in enforcing the Atabrine program. 

Field Research 

Various malaria control detachments carried oat üeU research on the 
methods of applying DDT residnal spray. Considerable time was spent trying 
to develop mote effective and eskient sprayers for this work. In most cases, 
this involved modifying existing equipment. 

In connection with the DDT air spray, much fkdd study was done, pri- 
marily to obtain information regarding distribution of material, droplet sise, 
and wanks of various meteorokgic conditions upon both the spray and the 
effects of the spray.   Other experiments in conjunction with this work wen 

i to try to determine the effectiveness, penetration, exposure, and time be 
ximumkill. 

The various survey detachments, whenever they were able, did considerable 
»rch work concerning the biology of the various anopheline mosquitoes 
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within their areas. With the finding of infected A. lewosphyru* within the 
area, a great deal of time was spent in trying to determine the importance of 
this .specie« as a vector. 

Other Activities of Malaria Control Personnel 

Early in the theater history there was a tendency to use malaria control 
organizations for duties other than their primary mission. This was stopped 
by a letter to the commanding generals of all major commands in August 1944. 
From that time on, malaria control organisations officially devoted all of their 
time to their immediate mission. 

At times, their advice or cooperation was secured in other problems as, 
for example, fly control. Some of their equipment and supplies were expended 
for this purpose; personnel, however, were not diverted for this use. For a 
certain time, personnel were withdrawn for entomological investigations of 
a reported epidemic of sandfly fever at (Java, Ilihar Province, India." This 
was because malaria control personnel were tlie only qualified individuals to 
conduct such an investigation. In a number of instances, also, malaria con- 
trol personnel gave advice or checked on water supply installations. They also 
handled the supplies for the prevention of scrub typhus. As the supplies were 
the same as those used for malaria control, it seemed advisable that their dis- 
tribution be centralised. This worked efficiently. In making routine surveys, 
other features of sanitation were often checked. In these cases information 
was usually passed orally to the organisation involved or to the sanitary inspec- 
tor for the section in which the violations occurred. In addition, personnel in 
these organisations with special qualifications were consulted, when it was 
thought their advise would be helpful, concerning other problems within the 
theater. 

SUMMARY 

Most of the areas in China, Burma, and India occupied by the TLB. 
Army were malarious; the intensities of infection varied from slight endemicity 
to hypenndeasieity on a seals as high as any in the world. Living conditions 

i often primitive, and local populations were hugely uneducated, so 
; is limited areas, little or nothing had been dons to prevent the di 

, malaria control, therefore, had to be established by the Army in order 

Malaria control activities were undertaken throughout the occupied sec- 
tions.   Practically all known means of control were utilised, the actual type 

>Uttor, Cap*. Jafca W. H. Beta. SaC. Mb HalaHa Sarr*r Dttactamt, to C—n—<M— Omul, 
•rtara, US. Fmn Ia*ta-Barm Ttoater. 4 Bf*. IS«, t>tl; SawMr lamtlaatlM la IW 

QayaAiM. 
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and scope depending II|M*II the immediate needs of the area and the supplies 
available. These included standard and modilied antilarval and nntiudult 
mosquito control methods, supported by jieixiual preventive measures and, 
in certain areas, by suppressivo medicat ion. 

Because of the great variety of conditions encountered, a highly cent raliwd 
malaria control organization was not practicable. Organization eventually 
developed along distinctly sectionnlized lines, with ample authority being 
delegated to sectional malaria control groii]>s for dealing with local situations by 
tlie best available means. 



CHAPTER VIII 

New Hebrides, Solomon Islands, Saint Matthias 
Group, and Ryukyu Islands 

Paul A. Harper, M.D., Wilbur G. Downs, M.D., Paul W. Oman, Ph. D., 
and Norman D. Levine, Ph. D. 

A review of the experiences with malaria control of the I'SAFISPA (U.S. 
Army Forces in the South Pacific Area) may logically be divided into two 
parts: The first, dealing with the problem of malaria and otlier insect-borne 
diseases on those South Sea Islands which lay within the jurisdiction of tlte 
wartime command known as the South Pacific Area; the second, dealing with 
similar problems on Okinawa and other islands which were the responsibility 
of the Ryukyu Islands Command.1 

The military campaigns in both tlnwe areas were a series of amphibious 
operations which called for the closest cooperation between land, sea, and air 
forces. The antiaialaria organisation in both areas was also a joint Army, 
Navy, and Allied operation under centralised control. This report is concerned 
primarily with the malaria control activities of Army personnel, but it is em- 
phasised that much of the success of the organisation was due to its joint 
service nature which was the concept of the first theater malaria and epidemic 
disease control ofiker in the South Pacific, Comdr. (later Capt.) James J. 
Supern, MC, USN,' and of his siwcessor, Comd. F. A. Butler, MC, USX.1 

> Calm MWrwhr ladfcaM. Put I af tfcta rkiaUr I* aaa** aa tk» au ferial trmm a aariaa •* 
Him m«*H la a an I it ta tW Ammi—m Jaaraal a# Tu» ml UtMtim. May 1S4T. aa "Malaria 
■■1 Otair linn »inn Maraan a» tka Saatk hdl» Caaaaaaja. l—S-lna." Aaarariallaa hi Maraaaaa 
ta UN) 9*mr aaa aajMtahar at iMa Jaataal far aararfaalaa ta atSk» IMa ■attrlaL 

Ami Hall a la alaa aawH ta Bria. Oaa. Sari MaiaiaS. JIM. Armf. Sauna. VS. Amj IWeta 
Patter Arraa, aaa    il    imilj Baraaaa. Srakn lajaaaa Caaaaaaai: ta Oaa«. Artkar H. 

MC USX. ratet Mi Will Ofltaar. Saatk reaJSt Ana; ta Ma la t. Cast. rtiaaiK» B. 
Baak. CSS: aaa ta Bffcx J. W. 

I aaa Ha «ait as 4 
• <1> SaacT». I. J, aaa ■aim, r. j 
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<*> Saaara. t. *.: 1W Malaria fr II ■ Tatar: laSaiaw af ' 
Uli. ISS: III all. Mataajkrr Mt«. (I) Sum. J. J.: Tiijliil Vkmmm. la Val 
Warft.   Saw Sastial J. MX. «SI: IW Its. Puia»n tS4SL    <«> Stain, J. J.: fraaatal Plaaawa a« 
a Caaaa af Mil an» r Laaa la Mttttar* OaaiaHiaa.    MM. I awn a HS: 111-114. ftaraari IMa. 
(■I Sat m. J- '■: rrmariaa af Malaria lajrrtkaja kr Drat Fraakjrfcula.   fa Mtlarlalaay. «aStai a> 
Mark F. Bay«.   Val II. a* 1114-1 in.    nili I I,tin; W. B. StaatenCa.. ISM. 

• 411 Batkr. V. A.: Malaria Caatral Praaraai aa a Saatk ParM* Baaa. I.S Na». M. MaH. 41: 
ISN-Mll »naaii IStS. <S> Batlat. T. AM aa* Saaara. J. J.: Paatvar Traatral Dtmar Put» in 
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Subsequently, Captain Sapero occupied a similar position on the staff of Com- 
mander in Chief, Pacific, during the campaign for the Kyiikyu Islands. 

The reason for having one group of authors report about malaria control 
in such widely separated places is that members of this group, together with 
their Navy colleagues, participated in the planning and execution of insect 
control programs in both areas, first in the South Pacific and later on in tlie 
Ryukyu Islands, which was the scene of the last severe land fighting of the war. 

Part I. New Hebrides, Solomon Islands, and 
Saint Matthias Group 

GENERAL CONSIDERATIONS 

Malaria problem, 1912-45.—Malaria was the single most rerious health 
hazard to Allied troops in the South Pacific Area during World War II; it 
caused more than five times as many casualties as did combat. It is estimated 
that more than 100,000 individuals among Allied military personnel contracted 
malaria in the South Pacific, most of whom had several attacks. At least, on 
Guadalcanal, Solomon Islands, this disease threatened the success of the mili- 
tary campaign. 

The first outbreak of malaria occurred on the small island of Efate in the 
New Hebrides, where it readied epidemic proportions with a rate of nearly 
2,700 cases per 1/100 troops per annum in April 1942. The most serious 
epidemic of this disease began on Guadalcanal within 3 months of tlie initial 
landings. Lesser outbreaks occurred on Espfritii Santo, Tnlagi-Florida Is- 
lands, the Russell Islands, and Munda, New Georgia. No serious outbreaks 
occurred on Treasury, Bougainville, Green, or Emirau Islands, which were 
the last four bases to be occupied and which were the scene of intense anti- 
malaria measures from the time of the initial landings. 

In the early days of the South Pacific campaign, it was considered good 
medical practice to give therapeutic doses of Atabrine (qninacrine hydro- 
chloride) or quinine to heavily seeded troops after removal from malarious 
areas and then to stop suppressive medication and treat the remaining malaria 
a« it occurred. This process was called deualarialiation and was based oa 
the thesis that if troops were first treated with therapeutic doses and then 
allowed to have their malaria relapses they would develop an immunity and 
Mt overcome the disease. This regimen was undertaken by the 2d Maria« 
Division, the Aaoerical Division, the 147th Infantry, and other troops who 
had been on Guadalcanal during the malaria epidemic. It reunited in an 
enormous amount of malaria before it was abandoned in favor of continuous 
suppressive therapy for heavily seeded troops. The rehabilitation period 
of units who were subject to this procedure was approximately doable the time 
estimated for this purpose and meant a serious decrease in the number of 
available combat troops. 
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Malaria was serious enough for (lie Allies, but it wns far worse for the 
Japanese; the few prisoners taken were almost invariably malarious. For 
example, 9,000 Japanese died of disease—maluria, malnutrition, beriberi, and 
dysentery—on Guadalcanal;4 this was nearly one-half of all their «lead on 
this island. 

Other insect-borne diseases which occupied the attention of the antimnlnria 
organization were dengue fever, fllariasis, and tsutsngamushi disease. The 
important« of dengue tended to be obscured by the deluge of malaria; actually, 
dengue could and did cripple a military force for short periods more rapidly 
and more effectively than did malaria. Filariasis also led to the medical 
evacuation of many thousands of troops. Rodent control was undertaken 
to prevent the spread of epidemic diseases which were harbored by rats or their 
ectoparasites as well as to prevent the economic loss by large rat populations. 
The control of all these artliropodborne diseases became the responsibility of 
the South Pacific Malaria and Insect Control Organization. 

Aatiaaataria ortaaixatiati.—The South Pacific Malaria and Insert Con- 
trol Organization* was developed to meet the peculiar needs of a mixed 
Army-Navy-Marine-New Zealand combat, force engaged in a series of amphibi- 
ous operations on 11 malarious islands scattered over many thousands of 
square miles of ocean (maps 23 and 24). This organization had several 
unusual features which were important to its success and which are briefly 
noted, as fallows: 

1. The mixed service character greatly facilitated the best utilization of 
scarce technical personnel and aided the supply problem by making it easier 
to draw available supplier from all services and to distribute them as needed. 

2. The chain of command was unusual for a medical organization in that 
the senior malariologist (Navy) was on the staff of ComSoPac (Commander, 
South Pacific) and in that on each base the reports and recommendations of 
the senior base malariologist were submitted directly to the island commanders 
with copies to subordinate service commands. 

3. Malaria control headquarters were established at the theater level and 
on each large base, although there was no table of organization and equipment 
for such groups. The theater malariologist and his staff were responsible for 
recommending assignment of scarce personnel and for establishing uniform 
policies regarding control measures and supplies. 

4. The last unusual feature was the amount of autonomy and initiative 
allowed to the local malaria control groups on each island base. 

lanlaita central actlrlUas.—From the very beginning of planned malaria 
control in the South Pacific Area, the approach was primarily one of control 
of the mosquitoes responsible for transmission, with «oppressive medication 

• XUWr. Joaa : Ouklaul: TV rimt OaVartvr. Call«! Slain Araiy la Warti War II. TV 
War to the PatMe.   WasklaatM: U.S. OaTrraawat Frtatla* OaVr, IM». 

•Tata oraaaUatlaa iu int kaamm ■• "SMI* racMc Malaria Coat ml," aa* later aa "Saata ParM« 
Malaria »■* EaHilk CoatroL" 
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as a secondary insurance factor. The exact sequence in which measure* di- 
rected ngainst mosquitoes could be applied depended upon such factors as 
supplies, manpower, and authority to undertake the work; once these problems 
were solved, the mosquito was attacked with all these weapons in combined 
offensive. 

The basic control measure, and that usually first initiated, was larval 
control by hu-virides. Until mid-lM4, the chief larvicide was diesel oil, ap- 
plied by knapsack-type sprayers and vehicle-mounted power sprayers. After 
the advent of DOT, which became generally available about Jury 1944, airplane 
spraying was utilised effectively for elimination of larval populations. 
Couplttd with the brvkidal program was a systematic program of reduction 
of water surfaces through drainage, road-rut elimination, stream cleaning, and 
installation of isausa to permit fluctuation of water level in lagoons along 
the beaches. Through these two general methods, the control of anopheline 
breeding became highly effective. 

The control of adult populations of AnopheUa was at first limited to 
spraying with petroleum base insecticides by band-operated "flit guns," by 
the use of Aerosol bombs, and by barrier«, such as bed nets and screens. 
Head nets were never widely used, nor were repellents, and the degree of 
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malaria control attained by Dime menus is considered negligible During the 
latter lialf of the war in the South Pacific, 1)1 >T was widely »wed it* a residual 
■pray in living quarters, ntesshalls, latrines, and native «martern. 

Tlte systematic indoctrination of troops in tlte principles and practices 
of malaria control was, in tlte iinal analysis, probably as important an under- 
taking as any phase of malaria control. This training not only made |>ossible 
a great extension of mosquito control activities but also paid dividends in 
tlie observance of personal protective measures, which at first wert completely 
ignored. The success of the malaria control activities resulted from the 
multiple-faceted approach to tlie problem by many individuals. 

MILITARY DEVELOPMENT 

Mission 

The Allied Armed Forces in the Pacific area were ordered on 2 July 
1M2 by the U.S. Joint Chiefs of Staff' to mount a limited offensive to stop 
the southward advance of the Japanese toward the sealanes between the 
United States, New Zealand, and Australia. The immediate objective was to 
obtain control of the Guadalcanal-Tulagi area where the Japanese wen begin- 
ning the construction of aa airfield (Guadalcanal) and had established a 
seaplane base (Tulagi). The ultimate objective of Allied war effort in this 
area for the next 2 yean was to be the capture or neutralisation of Babaul 
as a Japanese stronghold. 

It is to he recalled that the Allies had agreed to make their first major 
effort in Europe against Germany; meanwhile, the operation against Japan 
had to take a secondary place and was limited by the ships, troop*, and 
supplies which coakl be •pared. Furthermore, the initial surprise achieved 
by the Japanese gave them an extraordinary advantage which in less than 
12 months of war enabled them to overrun and control a huge area of land 
and ocean. This area, with Japan aa the huh, swung in a gnat southwest 
ward an from the western Aleutiane through Guadalcanal to the southern 
tip of New Guinea and thence through the East Indies to the mainland of 
Asia. The Allies and particularly the United States wen unready in assay 
ways for this onslaught. Our lack of pnpsndnsn to handle the nudaria 
problem and ear failure even to realise hour issporUnt nudaria would become 
wen synaptossstk of the awn general unreadiness. 

The division of responsibility for operations is the Ferine ia shown in 
aaapSS. The South Pacific Ana was eoaunanded first by Yin Adas. SobeKL. 
Ghonuley sad, subsequently, by Adas. William F. Habiry, Jr.; they wen re- 
sponsible to Adas. Cheater W. NimiU, the Commander of the Parific Ocean 
Anas. 11» Southwest Pacific Area was under the command of Gen. Doug- 
las Mac Arthur. 

• »M far onto S. •.«•!. 
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The South Pacific Area and Puree was eventually given responsibility 
for land operations throughout the Solomon Islands und the Saint Matthias 
Group. Its area of authority was extended by successive orders and attained 
its maximum extent as shown in map 24. 

Chronological Table of Operations 

Early in the War, Allied naval, land, and air forces were gathered aa 
rapidly as possible in tlie major nonmalarious bases—Samoa Islands, New 
Zealand, Fiji Islands, and New Caledonia. Theater headquarters were first 
established in New Zealand and later were moved to New Caledonia. Subse- 
quent land operations were on malarious islands in the New Hebrides, Solomon 
Islands, and Saint Matthias groups. The chronological table for occupation 
of malarious bases was as follows: 

Unopposed landings in New Hebrides: 
Efate—advance group landed, 18 march 1942. 
Espiritu Santo-^t May 1942. 

Assault landings in Solomon Islands and Saint Matthias Group: 
Guadalcanal—7 August 1943.   Island secured, 9 February 1943. 
Tulagi and adjacent island—7 August 1942.   Secured, 9 August 1942. 
Russell Islands—21 February 1943 (no land opposition). 
New  Georgia   (Rendova landings)—30  June   1943.   Secured,  26 

August 1943. 
Vella Larella—15 August 1943.   Secured, 9 October 1943. 
Treasury Islands—7 October 1943.   Secured, 10 October 1943. 
Bougainville (Empress Augusta Bay area)—1 November 1943.   Pe- 

rimeter defense until V-J Day. 
Green Island—15 February 1944.   Secured, 20 February 1944. 
Emirau Island, Saint Matthias Group—20 March 1944.   No land 

opposition. 
"Secured" was the oScial term to denote the end of effective enemy opposition. 
The length of tiase between the initial attack and the date when each island 
was declared secured approximates the period daring which malaria control 
activities were carried out under combat conditions. 

Rear Area and Air Force Installations 

The rear area installations of greatest importance were on New Caledonia, 
which was the l>sadaniarters of the South Pacific Area Command. This island 
waa 1,000 miles south of Guadalcanal. During the early part of the campaign, 
k waa an important transshipping and supply base. Bat, after Guadalcanal 
waa secured, many supply activities were gradually moved to that island which 
became the staging area for successive attacks on Japanese-held islands to the 
northwest 
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There were excellent harbors nt Noumea in New Caledonia, at Iltivtuiiinli 
Harbour in Kfnte, niul nt Segond Channel in Kspiritu Sin to. Major naval 
supply aiul repair depots were devehqted .it Noumea and at Kspiritu Saut«, and 
an advance naval base was established at Tulagi in the Florida group. All 
these were malarious areas except New Caledonia, and even there mosquito 
control activities were required to prevent dengue fever which caused sharp 
epidemics before it was brought under control. 

AREA CHARACTERISTICS AS THEY PERTAIN TO MALARIA 
AND ITS CONTROL 

Physiography 

Extent and arc«.—The malarious areas here discussed comprise«! 11 bases 
in the South Pacific Area. Although the total occupied urea on these bases 
consisted of only approximately 330 square miles of territory, they were scat- 
tered over vast reaches of tlie I*acilic Ocean (map 24). These islands, from 
Efate, in the New Hebrides to Emirau in the Saint Matthias Group, extend in a 
long chain from 1?°30' south longitude and 1«8°30' east longitude to 1°8' south 
longitude and 150° east longitude. The total distance from Kfate to Emirau is 
approximately 1 JüO nautical miles. The total area of the New Hebrides is 5,700 
square miles; that of the Solomon Islands is 18,000 square miles. Kspiritu 
Santo, the largest island in the New Hebrides, is T6 miles long and 40 miles wide. 
Efate, at the southernmost tip of the New Hebrides, is 26 miles long and 14 miles 
wide. Bougainville, largest of the Solomon Islands, is 120 miles long and aver- 
ages 40 miles in width; while Guadalcanal, the second largest of the Solomons, 
is 00 miles long and lias an average width of approximately 30 miles. 

The military occupied area of Efate and Eepfritu Santo included approxi- 
mately 40 square miles on each base. On Guadalcanal, approximately 110 square 
miles of territory on the northwest coast were occupied, although combat opera- 
tions had extended well beyond the area of occupation. On Bougainville, the 
area originally occupied totaled about 30 square miles but was later expanded 
to SO square miles. Approximately *> square mile« were occupied on Kmpirau. 
The military occupation of other South Pacific bases involved relatively small 
areas, usually has than SO square miles each. 

Tjpsa aff tsrraan usi watered aiaaa. With the exception of Emirau, 
Green, and Treasury Islands, which are coral, all the mahwioue baste occupied 
during the South Pacific campaign are of volcanic origin and are mountainous. 
On Bougainville, Mount Balbi reaches to 10,171 feet; on Guadalcanal, Mount 
Popomanasi« reaches &fi06 feet; and on Espfritu Santo, Mount Tabwemasana 
reaches &JM0 feet. Occupied port ions of the bases were usually limited to rela- 
tively narrow coastal strips, which consisted, for the most part, of coral uplifts 
or alluvial plains. In the occupied portions of some of the bases, the hills 
extended nearly to the sea; on others, such as Guadalcanal, the major portion 
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of the occupied im was on an alluvial plain from 1 to 10 miles in width. There 
an no large riven and only a lew permanent stream* on the smaller islands, 
bnt the three largest bases represented different and varying types of terrain 
and deserve more detailed discussion. 

The ocenpied ana on Espfritn Santo (map 25) consisted of a long, narrow 
coastal strip on the southeastern portion of the island, extending from Turtle 
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MAP an.   Gmt.lak-aiwl. HtiionH« Inlands. 

Bay oo the north to the Benee Biver on the south. This are« is underlaid with 
coral, and the hilb extend nearly to the sea. There are numerous large streams, 
some of which emerge near the coast from huge coral craters. The longer 
streams, arising in the mountains, are swift flowing and subject to considerable 
variation during times of heavy rainfall. The short streams, emerging from 
the coral craters, have a fairly uniform flow but are subject to considerable tidal 
influence, their lerel often fluctuating as much as S feet each day for a mile or 

inland and sometimes to the crater sonne. A considerable part of the 
I a. .-a of Espfritu Santo consisted of coconut, coffee, and caeca groves. 

The occupied ana on Guadalcanal (map M) extended from the Batasuna 
Biver, near the north central portion of the island, to beyond Dome Cove 
toward the northwestern tip and included about 45 miles of coastline. The 
broad alluvial plain on the north central coast of Guadalcanal becomes pro- 
gressively narrower from a width of about 10 miles between the Batasuna and 
Ifetapona Hirers to lam than a mile at the Lange Biver, the largest of the 
rivers in thr, area. West of the Lunga, the plain narrows rapidly and beyond 
Kukam Point consists largely of a narrow fringing atrip. The broad portion 
of the plain »transected at intervals of about 8 miles by major drainage courses 
arising in the mountains to the south. Between these riven (Batasuna, Ifeta- 
pona, Kalimbiu, Tenant, and Lung») an numerous sluggish meandering 
streams. 
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Tli« beaches east of the Mntaniko River, the first river west of the Ijtuiga, 
■re of dark volcanic sand and slope rut her gently to the ocean lloor. West of 
the Mntaniko River, the beaches are of relatively course gravel and are more 
precipitous. The soil of the alluvial plain is a tine, black silt, underlaid by a 
yellow clay subsoil. The topsoil, when undisturbed, is ca]>able of absorbing 
and holding an enormous amount of water but once packed by vehicular traffic 
becomes highly impervious. All the small streams between the llulnsunu und 
the Lunga, and many of those to the westward, were periodically blocked at 
the mouth by sandbars built up by surf action. The coastal lagoons and 
swamps thus formed often remained blocked for long periods of time, per- 
mitting the development of aquatic vegetation and making ideal breeding 
places for Anopheles farauti. West of tlie Mntaniko River, streams are gen- 
erally smaller than in the north central part of tlie island but are less likely 
to become blocked by sandbars at the coast because of the more precipitous 
beach and the oblique ocean currents striking tlie coast in this area. Many of 
tlie small drainage courses west of the Mataniko are dry during a part of each 
year. 

Tlie occupied portion of Bougainville (map 27), near Empress Augusta 
Bay on the southwest coast, is a recently uplifted area. The soil is volcanic 
sand for some miles inland, and the terrain consists of a series of sandy ter- 
races, representing old beach lines. The eastern portion of the area contains 
some steep foothills. The sand terrace« are transected by a few rivers and 
small streams, some of which were clogged by tlie accumulated debris of cen- 
turies with the result that each terrace contained a series of fresh-water swamps. 
A high water table, which quickly filled foxholes and shell and bomb craters, 
characterised much of the area before cleaning of drainage courses, but sub- 
soil drainage was generally good. Aa on Guadalcanal, streams were often 
blocked at the mouth by sandbars to form coastal lagoons. 

Prrraittag vagutattan (Hmv-The occupied malarious bases of the 
South Pacific lie within the true tropic belt, and the vegetation of these islands 
is accordingly influenced greatly by the climate of the tropics. For purposes 
of discussion, it is convenient to distinguish between the low coral formations, 
such as Emirau, Green, and Treasury Islands, and the larger volcanic islands 
tltat constituted the remaining bases. 

Because of the very porous condition of the soil, the coral islands are 
without tropical rain forests and have relatively little dense growth that ap- 
proximates true j»Agfa. The vegetation consists primarily of coeoanut pahna, 
low-growing brush, grass, and weeds. Uwe luxuriant, jungMike growth 
occurs in the marshy areas of the islands. Vegetative cover was not an im- 
portant factor in malaria control operations on these islands. 

The larger volcanic islands of the South Pacific are typically covered with 
heavy rain forests except along the coast where narrow strand formations 
occur. The coastal areas, and sometimes the inland areas as well, are often 
occupied by extensive plantings of coroanut palm, coffee, and cacao.   There 
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u« occasional rubber plantations and other cultivated tropical plant*. Sim» 
plantation «mw an a—ally level and «pan, they wan widely need for bivouac 
anas and «apply dump». As mich, they became an important put of the 
malaria control problem. 

The coastal strand formation consists of two general types. Around the 
tidal mudflats at the mouths of the numerous permanent streams, mangrove 
swamps an common.  These mangrove swamp» were of little importance ex- 
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cept in the innermost portions where ti«?nl net it »n was minimal nnd relatively 
fr*«li water permitted the growth of aquatic vegetation. On the beuche*, 
between streams, the strand formation coimist* of cocoaiiut palms intermixed 
with scattered large forest trees growing to a height, of «n feet or more. Oc- 
casionally, there ire huge banyan tree*. In most places, a dense undergrowth 
extends to within a few feet wf the high tide line, and, except on the more 
barren chores, tlie undergrowth within the strand formation is almost im- 
penetrable. The secondary plants making up the strand formation contain 
such forms as Hibi*<m», Pandaam, and a herbaceous ground cover of tangled 
vines, grasses, sedges, and other low plants. The entire formation is narrow, 
often no more than a few yards in width. 

Wherever they occurred and had been maintained, plantations were rela- 
tively open at ground level. Before military occupation on most bases, and 
throughout the occupation on some, cattle were widely grazed in cocoanut 
groves. Gruing together with periodic removal of secondary undergrowth 
maintained such groves aa open, parklike areas offering easy passage for traSc 
of all kinds. Cocoanut groves that were not graied or otherwise maintained 
quickly developed into a thick tangle of young cocoanut palms, brush, and tall 
grass. Coffee and cacao plantat ions, being heavily shaded by towering jungle 
trees, lud somewhat gpane ground cover. The orderly arrangement of the 
plantings and their excellent camouflage qualities made them ideal for supply 
dumps. When used for that purpose, however, roads were but rarely con- 
structed until after long use. This resulted in mile after mile of water-filled 
rut« caused by the movement of heavy vehicles between the rows of trees. 
Plantations in general, and coconut plantations in particular, became one of 
the big problems from a malaria control standpoint. 

The true rain forest formation «insists of a towering canopy of trees 
reaching to 160 feet in height, with success»very lower layers of trees which 
supply a very dense shade at ground level. Various climbing plants, some of 
which extend to the uppermost canopy, form an undergrowth that is dimwit 
to penetrate except along established trails. OaT the trails in the jungle, where 
it k necessary to hack a way through the undergrowth with machetes, a half- 
mile per hoar is considered a rapid march speed. Even along trails, rapid 
miwemtsrt fa iaapoasibla hecaase of the slippery footing, obstructing roots, and 
the hmg, whipKhs ixtensiens of the rattan pahn that hang across the trails 
and grasp at clothing or ffesh. with sharp, stoat, refrred spines. Because of 
high hsxaadky, ladt of aeration, and diakuky of eles^mg thorn anas, the true 
ram forest waa little used for bivouac purposes sad only to a limited extent 
was it necessary to extend malaria control activities into thia typo of growth. 

The plant formations of Guadalcanal/ and to a limited extent those of 
Tukgi, differ cotmderably from those encountered on others of the major 

a. C.: TW Rate SWimr «a UM Flut ■—«— «C Q«a«ak»Ml.    KwUHwl 
IS: TS-S3. IMS. 
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South Pacific inlands, Gundalcnnnl lie» athwart tli« prevailing trail« winds 
m the area, and the high mountains in the central part of the island, forcing 
tl-e air upward, cause heavy rainfall on the Minih side of the island and 
diminished rainfall on the northwest coast. Within this urea of rain shadow 
effect, which extends to Tulngi, there is a greater seasonal variation in rainfall 
than is characteristic of parts of the island not influenced by high elevations 
in the path of the trade winds, and a total rainfall somewhat less than is 
required to support tropical rain forests. This results in the nbseiuv, from 
the northwest coast of Guadalcanal, of true rain forest formations and accounts 
for the extensive grasslands of tlie coastal plain and lower hills. Hecause these 
extended grasslands and associated vegetative features had a profound influence 
on tlie malaria control problem on Guadalcanal, they are discussed in some 
detail. 

On tlie eastern part of Guadalcanal, wltere seasonal variation and total 
rainfall is not influenced hy high elevations in tlie path of prevailing winds, 
there is dense rain forest. From the Herande River, some 4 miles east of tlie 
limits of the occupied area, to the northwestern tip of the island, the vegetation 
of the north coast is influenced by tlie rain shadow caused by mountains. This 
portion of tlie island is characterized by extensive grasslands, while the high 
central part of the island and the south side are covered by rain forests. The 
northwest coastal area is transected hy numerous rivers and smaller streams, 
and along most of these there is a strip of forest connecting the forests of the 
hills with the narrow coastal-strand formation. 

Although these forest strips along stream courses are narrow, being in 
some places only a few hundred feet in width, they consist of much the same 
type of vegetation as is encountered in typical rain forests. These jungle 
•trips rise abruptly from the grasslands to a height of 100 feet or more, often 
with scattered taller trees reaching many feet higher. The height and uni- 
formity of the vegetation increases with the width of the jungle «one bordering 
the stream, and forest belts along the larger permanent stream» present a 
relatively uniform canopy. The vegetation bordering temporary streams 
usually consists of a narrow belt of trees of various heights, so that from a 
distance the canopy presents a ragged appearance. Because these forest belts 
admit a considerable amount of sunlight, the undergrowth is frequently more 

i than that of true rain forest, particularly at the formt edge. From the 
i of mosquito control operations, these jungle strips were comparable 

to true rain forest. On Guadalcanal, they were widely used for bivouac and 
•apply areas when cocoanot pahu groves were not available. 

The extensive grassland* are the dominant vegetative feature of the north- 
west ooast of Guadalcanal. Between the Berande and Lunga Rivera, they 
occupy the major portion of the flat coastal plain and extend inland for several 
miles, well into the foothills. West of the Lunga, where the coastal plain 
becomes progressively narrower toward Cape Ks|teraiM>e, tlie grasslands are 
largely on the rugged foothills.   The dominant grass in these areas grows to 
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a height of 4 to 6 feet, forming a tangled mass of vegetation that is often more 
difficult to penetrate on foot than is the jungle. On the flat alluvial plain be- 
tween thn balasuna and Lunga River?, t hese open grasslands offered an inviting 
area to drivers of vehicles, either on legitimate business or aimless exploring. 
Soon the entire area was crisscrossed with innumerable trails, most of which 
became badly rutted and held water either periodically or constantly. Once 
a trail became impassable because of rutting, a new trail parallel to the old one 
would lie started, adding to the miles of ruts. The elimination of these mad 
ruts, and the closure of the grasslands to indiscriminate driving, became a 
major malaria control problem on Guadalcanal. 

Climatic Features 

In general, it may be said that the climatic features of the South Pacific 
islands favor malaria. The absence of the vector of malaria, and hence the 
absence of the disease from many of the smaller islands in tlie malarious zone, 
appears to lie correlated with physiographic rather than climatic features. Al- 
though rainfall is abundant throughout the area and the temperatures are high 
and fairly uniform, many of the smaller coral islands have no permanent 
fresh water suitable for anopheline breeding. 

Ralafall.—On all bases, the total yearly rainfall was high, usually exceed- 
ing 100 inches. This factor, coupled with a constantly high humidity, served 
to keep the soil well saturated during the greater part of the year. Tlie terms 
"dry season"1 and "wet season" are relative; during most months of tlie year, 
there was suflkient rainfall to maintain numerous small surface pools of 
water. During the period from June to August, tlie intertropical front is 
north of the Equator and the prevailing wind« are from the southeast. This is 
the so-called dry season. From December to February, when the intertropical 
front is south of the Equator, the prevailing winds are from the northeast. 
The periods from March to May ami from September to November are char- 
acterised by unsettled weather when the doldrums and their intertropical fronts 
are moving across the Equator. Marked seasonal variation in rainfall, such 
M occurs on the northwest coast of Guadalcanal, may have been doe to local 
topographic features. During the so-called wet season, heavy rains may be 
exi.v-ted daily for as much as a week at a time. As much as W inches of rain- 
fall in 1 month has been recorded for Bougainville (Kieta); the total rainfall 
for March 1944 on Espfritn Santo was » inches, of which 10.5 inches fell dur- 
ing one 24-hour period on 97 March. 

The influence of rainfall on the problem« of malaria control » dinVult 
to evaluate, but it was undoubtedly the most important single factor in causing 
seasonal variations in the problems. Periods of heavy rainfall, causing flushing 
of drainage courses ami opening of some lagoons, resulted in the temporary elim- 
ination of anopheline breeding from most streams. The great increase in sur- 
face water that resulted from heavy rains sen«! to disperse current larval 
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populations and gave the impression that there was some cessation of breed- 
ing, (in most bases, peiik anoplieline imputations usually occurred soon after 
the cessation of heavy rains. A number of factors apparently contributed to 
this situation. The stabilisation of abundant water surfaces combined with 
increased sunlight and its resultant ellect on the development of plant life to 
make conditions ideal for larval development. Lurvicidal crews were fre- 
quently unable to obtain complete coverage for several days or weeks follow- 
ing heavy rains. 

Temperature.—There is little variation in temperature at sea level in the 
Solomon Islands, and the daily temperature range is remarkably uniform 
throughout the year. The maximum daily temperature rarely exceeds 94° F., 
and the min.mum is seldom below 67° F. The usual daily temperature varia- 
tion was about 20° F. from a high of about 90° to a low of about 70° F. These 
temperatures, together with a high relative humidity of approximately 80 per- 
cent, provided almost optimal conditions for mosquito development. At no 
time were temperatures in tlie Solomon Islands bases so low as to be considered 
unfavorable to anopheline breeding. 

Temperatures in the New Hebrides exhibited a .greater range of daily 
variation, as well as less uniform daily change througfiout the year. Tem- 
peratures as low as 53° F. were recorded at Segond Channel on Espiritu Santo, 
and as low as 58° F. on Efate. Maximum temperatures of 96° and 05° F_, 
respectively, were recorded for these two bases. Because the periods of both 
low and high temperatures were relatively brief, it is doubtful if these ex- 
tremes had any appreciable effect on mosquito development. 

Local Population 

New HiirHii—The population of the New Hebrides in 1088 was given 
aa 218 British, 687 French, 2£88 Asiatics (Tonkineee, Chinese, and Japanese), 
and about 40/X» native Melanemna. Of the Melanesia!!*, about 4^)00 lived on 
Espiritu Santo and 1,700 on Efate, mostly in small, independent Tillages 
scattered through the islands. 

During the first part of the occupation of Efate and Espiritu Santo, the 
troops were bivouacked near labor camps of natives who wen heavily Beaded 
with malaria and in area« where anopheHms were numerous. Later on, troop 
concentrations were kept away from local communities as mach as possible, 
but this could not be done in wet lying areas. 

In the New Hebrides, yaws, book wo» m infestation, malaria, dysentery, and 
tabercaloaia are endemic. Wmektnrim oonero/f* is also present The results 
of purveys by the malaria control organisation follow. 

Solomon Islands ami Saint Martians Groan. The natives of the main 
Solomon Islands and the Saint Matthias Group are Melanesiens. In 1998, 
the population of the Solomons, including Bougainville, was given as M0 
Caucasians, 140,000 Melanesien«, and 200 Chinese.   At the time of Allied 



80CTH PACIFIC 415 

occupation, niost of the Caucasians had fled. The imputation of Guadalcanal 
was about 20,000 nn«l that of Itnugainville about 45,000. The natives lived 
rather primitively in small villages, family groups, or families. 

When the fighting began in the Solomons, the local inhabitants left the 
f-oniliiit areas. After the islands had been secured, they were usually prevented 
from »entering the troop area. Native labor camps, however, were at first 
often located in tlie troop area. Later, some were moved away. Local traders 
also visited the troop areas during the daytime to trade, but were not permitted 
to sleep there. 

Solomon islanders are heavily infected with tuberculosis, yaws, and hook- 
worms. In surveys of 2,f»00 Guadalcanal residents carried out by military 
malaria control personnel, 22 percent were found to have 11*. banemfti micro- 
filariae in their blood.   Malaria is hyperendemic among tlte natives. 

Incidence of malaria.—Data on tlte incidence of malaria in the New 
Hebrides, Solomon Islands, and Saint Matthias Group have been given by 
Levine and Harper.' In addition, the report of Sayere* on malaria in the 
New Georgia Group, Solomon Islands, became available during the war. 
Sayere, who had conducted a hospital at Munda and later at Yell» L* veil a, 
Solomon Islands, from 1027 to 1934, had treated 741 parasite-positive natives 
from a population of about 6,00t). In these clinical cases, I'hnmodivm falcip< 
urmm was present in 44 percent, Ptamtodivm virax in 32 percent, Ptmtmodium 
maUrriae in 18 percent, and undetermined species in 6 percent. The spleno- 
megaly rate among 365 children was 7.1 percent. Clinical malaria was not 
common in New Georgia natives over 90 years of age. 

Tlie malaria rates reported by tlte military malaria control personnel were 
based on single-smear surveys made on thick smears stained with Giemsa stain. 
They are not comparable with Savers' figures, since his were based on clinical 

The prevalence of malaria observed in these surveys is given in table 59. 
The surveys on natives of Malaita and San Cristobal, Solomon Islands, and 
one of those on Guadalcanal were made on adult male laborers who woe living 
in labor camps on Guadalcanal at the time of examination. The parasite rate 
was relatively low in these three surveys, ranging from 7 to 11 percent. Since 
the parasite rate among the Guadalcanal villagers was 58 percent and the rate 
among the Guadalcanal laborers was 10 percent, it is clear that the prevalence 
of PUtmodimm in healthy, adult laborer* cannot be taken as indicative of the 

Pimtmmäkmm anactai eTaatifeettieav—The species of FUumtiimm encoun- 
tered in the surveys are given in table 410. P. viva* was the most common on 
all islands except Emiren, being found in 41 to 88 percent of the positive 

• Lrrta». W. IX. aa4 Hara#T. P. A.: Malaria ill Otter iBMCt-Banw DkMM In the Saata FHUI 
Gmaabja. 1SM-1S4S: IT. Paradt.lniral OUinratl—a «a Malaria la Nat Ira aaa Traaaa, aaa aa 
nurWrt» la Nattra.    A» 1. Traa. Maa. 17 <aaaal.): 11S-1SS, May 1MT. 
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smears from these islands. The must common species on Emirau was P. 
faici/Hirum, which was present in 45 percent of the »nieiirs. On the other 
islands, this species was found in 6 to 37 percent of the positive smears. 
P. malariae was not found on Efate, Treasury, Malaita, or San Cristobal 
Islands. However, surveys on the last two islands were made on adult laborers. 
P. malariae comprised 25 percent of the positive smears on Emirau and 20 
percent of those on Savo. Its prevalence on the other islands ranged from 
0.5 to 12 percent. 

TABLE 59.—Prrralenrc of malaria paro'itrmia on South Pacific itlcmd» 

Surwys  j Examined 

New Hebridr»: 
Efate   
Espfritu Santo.          

Solomon»: 
Guadalcanal: 

Villager*..   
Laboren.  

Savo-     ... 
Florida  
Malaita (laborer») . .  .. 
RUMWUH  
Bougainville  
Han Crhtobal (lahorer») 
Treasury  

Bismarck Archipelago: 
Gn>en '  
Ebarau   

12 
« 

15 

rmsttie index 

Anrate 

Suwtber   >   A'RMACT 

4,000 
4. OU0 

451 
10« 
427 

37 
286 
193 
M0 

57 
37 

330 
313 

Itmml 

10 
13 

32 
10 
26 
65 
II 
64 
10 
7 

16 

4« 
I« 

5-50 
7-57 

6-74 

11-39 

4-1» 
57-73 

43 4* 
12-21 

RstnttM. of it to »wtilw of mamrm mmt iici— •* i 
In surveys made on Guadalcanal, 01 percent of 44 children from birth to 5 year« 
of age, 72 percent of 51 children from 6 to 15 year« of age, and 88 percent of M 
person« over 15 yean of «ga carried plaamodia in their blood. Similar de- 
crease« in prevalence with age were found on Savo, Green, and the Boaael] 
Islands. On Guadalcanal, the moat common species in all age groups waa 
P. vivmx. In the youngest age group, P. faleiforum was the least common 
species, bat its prevalence was higher in the two older groups, while that of 
P. malariae decreased with age. The prevalence of P. fticipmmm ah» in- 
creased with age on the other islands but that of P. malariae was variable. 

Splinsmsgajy retasv—Splermmefraly was observed in 61 percent of 110 
residents on Efate, 57 percent of 101 on Espiritu Santo, 73 percent of 258 on 
Guadalcanal, 70 percent of 37 natives on Florida, 57 percent of 219 laborers 
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TABI.I 60. —PlaHmotliiini »prcit» in South Pacific nur 

^IITW» 

;•. 
mmlmr- 

IsllIKl Cavity» I'oHtlv* i 
»incur» ' 

i Mlwd rirmi 
r. 

mt*m 

In- 
ilrlrr- 
RÜMÜ 

New Hebrides: 
, Xumfmr VmnVr I'trrtM PmtKt IVrrriil l^rmt IVmat 

Efate           5 20Ä «7 •a 4 4 
Esptritu Santo 

Solomons: 
486 57 37 1 5 

Guadalcanal--          14 200 »10 18 12 C. 4 
Savo   !           3 103 .56 13 20 II 
Florida  1 24 

29 
123 

1« 
Ö 

132 

80 
«7 
41 
88 
84 

46 

12 
21 
30 
6 

1« 

14 

8 
Malaiin 5 

3 
12 

Rusenlb  - ---  4 

1 8 

25 
San Cristobal.       1 

1 

(j 

Bismarck Archipelago: 
Green'  31 

 !       1 
1 

25 2» 46 « 

> 8mn win mach 1 math iltct cvanwllm to Uuad*k*nal. 

in») Malaita, 66 percent of 193 residents on the Russells, 75 percent of 500 
natives on Bougainville, 57 percent of 210 laborers from San Cristobal Island, 
84 percent of 37 villagers on Treasury, 66 percent of 542 natives from Green, 
and 85 percent of 263 on Emirau. 

Mosquito Vectors of Malaria 

Six species of Anopkelet are known to occur in the islands of the South 
Pacific Area.   These species and their recorded distribution are as follows: 

An» 
AmufJuiet fmrmmH Lareraa 1MB All ■ularioaa fcaaea. 
AuaaAcfef teMenait Owe« VMS Guadalcanal, aorta roar*. 
aaoabctV* MM**« BriMa aa* Bcfcloaaet 1W4 Guadalcanal, aorta aad aarth- 

New Oaargla 
.4aoe«Vira nmtmUme Bctkla 1MB   Oaadalraaal, Barth eaaat. 
iH>M.i prnmsUOmhu DOaits 1»1 Oaadalraaal. north aad 

weat  eaaats;   bann   Aa> 
gaata Bar. BoasalaTiUe. 

AaaaAckf ntnmb Bctkla, Kaight, aad Bearbooei 1S4B--Oaadalraaal. BAtthwcat eaaat: 
Maada, New Georgia. 

Cmarmcteristiet of malaria vectors 

In the South Pacific Area, the principal vector of human malaria, and 
probably the only one of military importance, was .4. farauti Laveran (fig. 
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«.—PrtarieaJ TMtan wt «atari* te ta» »■**» hctttlm 
Lawn*.   R lni»tflri Mfc-aato Owe«. 

MA). Anopkdr* kolie»sU Owtn (fijr. 53B) was known tobestrongly anthro- 
pophitk and thus potentially an important vector but of limited geographic 
diatribntion. In the Ihnitcd an» on Qnadalcanal, in which it is known to occnr, 
it may have been of snne connquenee daring the period of eonhat and early 
occupation. Available information indicate« that other aperies of AnopheU» 
were nut involved in the transmission of malaria to troops. 
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Breeding habits.—Auopheh» famuli larvae usually occurred in greatest 
numbers and highest concentrations in sunny, slightly brackish lagoons in 
association with emergent aquatic vegetation and surface debris. The species 
also utilized almost every conceivable type of aquatic habitat with the exception 
of artificial containers, tree holes, open moving water, and highly saline vnter. 
On occasions. A. farmiti larvae were even found in artificial catchments when 
these were ox sufficient size to approximate ground pools. The ability of the 
species to utilize these many types of habitats greatly influenced its importance 
as a malaria vector. It occurred abundantly in permanent or temporary sur- 
face water catchments of all kinds, in tidal and fresh-water swani|»s und 
lagoons, and to a lesser extent in streams, seepage areas, and open wells. Al- 
though it preferred sunlit water, it also occurred in rather heavily shaded areas. 
The larval developmental period was short, especially during the so-called dry 
season when prolonged periods of sunlight considerably increased the water 
temperature of typical breeding habitats. 

Observations on Guadalcanal sitowed that under favorable circiimMnnces 
A. farmiti could complete development from egg to pupa in 5 days, and fmm 
egg to adult in 8 days. The normal developmental cycle from egg to atlult was 
usually considered to be between 7 and 10 days, and larvicidal schedules were 
arranged accordingly. The ability of .1. farauti to initiate an epidemic of 
malaria is clearly illustrated by the experiences of combat troops during the 
early phases of the Guadalcanal Campaign. 

Insofar as they are known, the larval habitats of .1. kofietui* are similar 
to those of A. famuli, although information is not available to indicate «vliether 
or not A. koUen»i$ adapt« itself to the wide range of habitats that are utilized 
by A. farauti. During periods of prolonged rainfall, -1. punctul^tu» larvae 
are found in typical .1. farauti habitats, but during the dry season this species 
disappears from the coastal section of Guadalcanal. Anophele» lungae occurs 
in coastal swamps and seepage areas and shows a decided preference for shaded 
habitats. Both A. »olomomU and A. natal iae occur in the low foothill section 
along the northwest coast of Guadalcanal, the former having been collected 
from potholes in a coral streanbed and from seepage areas. Both specie« were 
«anally found in dear water, densely shaded. 

Haken of asMt Amaßktlm. All the species of Amaphele» encountered in 
the South Pacific Area were nocturnal in their biting habits, although under 
favorable conditions of low light intensity daytime biting by A. farmiti was 
not uncommon. This species was observed to bite as early as 1600 hours in 
jungle area on a cloudy day and as late as 0780 hours in thatched hats on a 
relatively bright day. Normally, the biting activities of A. farauti were lim- 
bed to the period from dusk to shortly after dawn. Practically all Anophele* 
caught in routine night-biting catches on Guadalcanal were A. farauti, except 
for the relatively limited area in which A. koliemU was known to occur. 

Man is generally considered to be the normal host of A. farauti perliaps 
in part because there are usually few other large mammals available in the 
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South Pacific islands. However, host preference tests conducted on Efate 
showed that the s|>ecies fed readily on cuttle, hoi-ses, goals, pigs, dogs, ami 
chickens. Available evidence also indicates Die probable existence of host- 
adapted strains of A. famuli on Guadalcanal. In 1S44, numerous attempts 
wei-e made to attract adult A. fartiuti to human*' at night in the vicinity of an 
abandoned plantation near the mouth of tho ltulnsunu Itiver. Although 
weather conditions were favorable for mosquito activity, and high larval ami 
pupal populations wer«? known to exist in nearby lagoon*, no adults were seen. 
Similar oltwci'iations were made in other amis remote from existing Immun 
habitations. It was also repeatedly observed that adults reared from larvae 
collected outside the zone of normal human activity fed rarely or not at all on 
humans under laboratory conditions. On the other hand, specimens in cap- 
tivity reared from the eggs of gravid females captured in native villages 
usually fed readily on humans. The successful colonization of .1. famuli for 
laboratory study was usually accomplished by starting tlie colony with such 
material. Inadequate facilities and lack of time prevented detailed study of 
this interesting and probably important phenomenon. 

As previously indicated, .1. iolicntis was strongly anthro|>ophilic and 
frequently taken in night catches with humans as bait, and in the tents and 
thatched huts of native laborers. Anopheh* {HHH-IUIHIM* ami A. lunyae were 
but rarely attracted to humans, even when existing imputations were high. 

The daytime resting places for both A. ftiranti and .1. kdlienü», except for 
recently engorged female«, apparently consisted of any cool, moist, shaded 
place. Because adult population sampling is generally thought to be the most 
accurate measure of an existing mosquito population, many efforts were made 
to seek oat the daytime resting places of .4. famuli in the South Pacific. Al- 
though almost every conceivable type of habitat was explored, at no time were 
adults encountered with auficient consistency or in suScient numbers for this 
method to be used as a basis for measuring the effectiveness of a control pro- 
gram. On the day followmganoctunial bloodme«l,.4./«AiW»aiKl/l.i»/^iM»f 
females frequently remained in the dark parts of native hut* or tightly closed 
tenu but would leave by dusk or shortly thereafter. There was little evidence 
to indicate that blooded females lingered after obtaining a meal in open tents 
auch at were anally used by troops, in thatched shelters without walk, or in 
the more open type of native hots. Observations condocted daring 1944 an 
Guadalcanal, involving daily counts of the AnopktJe* resting in pyramidal 
teats need to house Melaneman laborers, showed that the population remained 
fairly constant but consisted almost entirely of freshly blooded females. 

Anopkeh» punctmlatiu and A. lungae were observed to rest during the 
daytime on the moist, lichen-covered surface of the buttressed bases of huge 
forest trees in deep jungle shade. Only rarely were specimens of .1. famuli 
observed in such places. 
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Results of Combat and Occupation on Malaria 
Potentialities of the Area 

The full signiticaiiee «if the changes which led to increased mos«|uito bree«l- 
ing under conditions <»f combat and occupation in the South Pacific Area »re 
appreciate«l only when viewed in contrast to tlie conditions prevailing in jungle 
or tropical areas occupied only by local populations, llefore invasion or occu- 
pation, extensive breeding of .1. fa raut i was limited largely to cimstal lagoons 
and native clearings along inland streams, if one may correctly judge by the sit- 
uation pertaining in those areas not disturbed by occupation forces. Although 
mosquitoes were almost invariably present in isolate«! native villages, the num- 
bers were small. 

With the advent of combat and occupation, and its associated myriad 
activities of supply and movement, there were soon created innumerable water 
catchments such as shell and bomb craters, abandoned gun positions and bomb 
shelters, foxholes, and ruts made by vehicular traffic. Airfield construction 
and roadbuilding, often hastily done, created further impoundment of water. 
Once created, these water catchments could never be quickly eliminated because 
of the limited amount of personnel and equipment that could be assigned to 
malaria control activities. Anopheh» fantuti soon utilized these many water 
surfaces for larval development, with the result that tliere was a rapid 
and enormous increase in the anopheline population of the area. Itecause 
personal protection from the bites of mosquitoes during combat and early occu- 
pation was difficult to attain, a high percentage of the female Anopheh* were 
able to obtain blood meals, further enhancing the mosquito breeding and 
malaria transmitting potential. 

MALARIA EXPERIENCE 

Admission rates for malaria in Army personnel in the South Pacific theater 
an given in tables 61,62,83, and 64. Since these rates include both malarious 
and nonmalarious bases, they do not give a true picture of the situation in the 
command. Since Army, Nary, Marine, and Allied traopa lived in close prox- 
imity and sine» different islands differed markedly, a much better picture of 
the situation is given if the rates of all troops are considered on each island. 
Rates in these tables refer to clinical malaria caaea and do not indicate the actual 
malaria infection rate. Many troops on suppnssive Atabrinc therapy did not 
develop clinical malaria until after they had stopped taking the drug. An 
indication of the true infection rat» was obtained in units which wen taken 
off suppnasWe Atabrine therapy after having become mote or less heavily 
seeded with malaria. 

■fate.—Efate was the first malarious island to be occupied in the South 
Pacific. Troops landed, in March 1942, to build an airfield. They wen 
bivouacked near a native labor camp in an area when anophelines wen numer- 
ous.   They lacked sufficient bed nets and wen required to work at night. 
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TARI %; fil —AiluiinDion rain for malaria in rniiihinnl Army, .Vor//, Mnrinr, ami Aliif I troop* in 
.-rhrli-l aren» of Ike South Pacifir, /»>/ mnnlk ami urar, April Ihnmh,,- /.'».J» 

I Kaif fiiwi-Wfl O.S mimt.-r of rams |MT IUIIIUI* |»T I.IMHI uvifinn1 shr'iiMh] 

Mfiiith ;III>I yi-.ir 

I'l',.' 
April    ..  . 
Mn.v 
JlllH' 

July..    ... 
A'lKUM 
ScptfllllMT 
(IrtiilxT ... 
NuvLinlxr 
IVfcinbcr. . 

Kill. K.pir ilu Sallln ■ •IU<I ;tk-;ill:tl 

(Irigilul 
:i<lltlissi4Hlv 

All 
»•(missions 

•trlillniil             All 
:i IllllSSllrtls    :i<ltlll»lotls 

«»riiiiiral 
:t«illlissNMIS 

All 
ll'ltlliSStl'l S 

i «wj 2 . <>7K 

RW !«'_> 
Bti7 1115 
:«54 51X .         .- 
n:< -JIM» .     ..... 14 

HI 144 :«•           :«. 177 
I:» 2HU 55 5» 1. toli 
:m 521) :«» S2 I.7HI 
177 377 i:«7 142 l»7-_» 

Fiulliennoiv. they did not realize how serious malaria could lie. Tite nmlnriii 
rule reached 2.I17H per l,tWO per annum in April (table lit). Quinine was the 
oidy aiitimalaiial drug available, and in May about one-half the troops were 
ordered to Ink«- 0.:w gin. quinine daily; this amount was later increased lo 0.06 
gm. daily. Tliese amounts failed to suppress the disease satisfactorily, and in 
July. 0.4 gin. Atabrine weekly was begun. Tlie first malaria control personnel, 
one Navy officer and three enlisted men, arrived «HI 28 July 1042. Malaria rates 
decreased to 0H2 per 1.000 per annum in May and continue«] to decline until 
tltey readied a low of 144 per 1.000 ]ier annum in Se|*tember. This decline was 
due to the initiation of insect control measures, to suppressive therapy, and to 
the onset of tlie «Iry season. Atabrine was given to the villagers, and tlwir huts 
near tlie troop areas were sprayed daily with a pyrethrum spray. The largest 
halite lalior camp was not moved lo a safe «lislance from troops until nearly a 
year after the original epidemic. Aiitimosquito work was well organised by 
early IMS, Imt heavy equipment for semipermanent mosquito control work did 
not become available until 16 months after the first landing. 

Suppressi ve Atabrine therapy was discontinued in September 1942 because 
of the low malaria rate. The rate promptly increased, reaching WO per 1,000 
per annum in November. SoppreHsi ve Atabrine therapy waa resumed in Novem- 
ber except for lightly seeded personnel living in screened quarters, and the 
malaria rate again decreased. In I IMS, many of the heavily seeded troops left 
Efate, and the remaining troop* were withdrawn from poorly controlled arms. 
By July 1043, tlie malaria rate was 128 per 1,000 per annum, of which only 6» 
were original admissions (table (Ö). At this time suppressive Atabrine therapy 
was discontinue«! on the island. Tlie subsequent rates remained low. with a high 
percentage of relapses. 
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TABLI 64.- -Admiirim rate» for malaria m combinril Army, Xnry, Marine, and Allied troop» 
in teleUed <:rta* of At South Pacific, b» monih -wH yar, Jnuuuiy-J une JV46 

(Bate W|wnl aa aumbrr of MM DPT annum |wr I.OUU avrraai* atrrnat h) 

Elate Kantrltu Santo 'liia*lal<-an 1 Tu «*i Hun'lh 

Month anil year 
Original 
aflnit.4- 

AU 
a-lniifl- 
Mvna 

Original i 
a<lml> 1 
«ton»   I 

All 
a<lmi9> 
klflflN 

Ot'tlnol 
a>lnila- 

ülfMl» 

All 
atlmls- 
slllflS 

orinnal 
ailmis. 
shins 

All 
ailnil*. 
SluilS 

<>Ti<llial      All 
uilniiM-     «tlinl-*- 
üimix   ;   slims 

t9.y> 
1 

1 

January...  . 1) 0 *> 4 18 33 38 5!) IG !        37 
February.. I2M I2K *i 5 n •J."» IS 2H IK ,        40 
March.. 1) 0 3 1 4 (i 14 73 DO A 1         15 
April  It 0 3 ! 3 H 111 27 40 <J |        21 
May..          0 0 7 j H 13 It» 54 «ft 3           10 
Jura-   U 1» 2 4 « !l 13 26 * 8 

Espiritu Santo.—This island was occupied without npimsitioii in May 
104a. Tlie dry season had*liegiin, and liiere was very little mosquito breeding 
near the campsites. Even thonjth drug suppression was not practiced, no cases 
of malaria were reported until Se{>teinber. In September, October, and Novem- 
ber, fresh troops were cani]>ed near heavily seede«l natives in anoplieline breed- 
ing mess. Tlie more exposed ]iers»nnel were placed on snppressive Atahrine 
therapy, nnd the malaria rate did not rise beyond 2T>3 per 1,000 per annum." 
It reached this level in January 1DM. and thereafter declined slowly (table IK). 
After the original admission rate had reached 109 per 1.000 per annum in May 
1043, suppressire Atabrine therapy was discontinued. The rate continued to 
drop, the original admission rate being Iß jier 1,000 per annum in November 
IMS and declining still further later on. 

A base malaria control group consisting of two Navy oaVers and eight 
Navy enlisted men was set up in September 1042. Troop areas were kept as 
tar from local settlements as possible. The inhabitants were given «oppressive 
Atabrine therapy, and their hats weie sprayed regularly with pyrethram be- 
ginning carry in 1043. Residual spraying of the huts with DDT was begun in 
mid-1044. An extensive larvkiding and semiperuianent control program was 
in operation by mid-1043. It was so effect ire that after this time it was unusual 
to find adak anophelines in the main troop areas. Outlying areas, however, 
continued to I» highly malarious, and troops on outpost duty became heavily 

Qm^alrnmil The lint landing on Guadalcanal was made by Marine 
«nits in August 1042. The first Army units arrived in October. At first anti- 
mamriasnpplieswere either onavailsJ)k) or inadequate, and no signincant amount 

Saala an art caaaaaraMe «US tarn «a Oat attMr I 
an lailaaH. whOf «a tl 
pattaata «nail»« aa aa kvttaaaR 
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of mosquito control was done. The factihat tlu-re were few IHKW of nuilnriii in 
August ami September led to the feeling that the disease would IM» iiniiii|Miiiiint. 
No malaria control measures were undertaken (luring the early months (tartly 
because of the desperate military situation ami part ly lat-ausr i-es|«nisil»le offi- 
cers <'id not understand how serious u hazard malaria could lx>. The prevailing 
attitude was expressed by one high ranking officer win» said: "We are here to 
kill Japs and to hell with mosquitoes." 

However, the terrain and the results of comlmt combined to produce ideal 
conditions for the breeding of enormous nunihers of mosquitoes. The cimi- 
bination of abundant nnopheline breeding, a highly malarious source of infec- 
tion (the native Melanesians and the Japanese troops), and almost complete 
absence of anlimalaria precautions caused the malaria rate to rise precipitously 
to 1.(K'4 per 1,000 |ter annum in October 1SM2 and to 1,781 in Novemlier (table 
61). Malaria remained epidemic for at least S» months. Of the estimated 
100,000 rases of malaria contracted in the South Pacific, more than three-liftlis 
were probably contracted on Guadalcanal, and most of tliese during the |ieriod 
October 1942 to August 1943. In July 1943, (lie malaria rate was «08 ]ier 1.000 
per annum, of which :V42 \ter 1^000 per annum were original admissions (table 
62). Tlie rate drop|ied to 26:1 per 1,000 per annum (of which 142 were original 
admissions) in August 1943 and continued to decline steadily thereafter. In 
February 1SH4, when tlie original malaria admission rate was 74 |>er 1,000 
per annum, suppressive Atabrine therapy was discontinued in lightly seeded 
units. The rate continued to decrease. By October 1JU4, alxuit 2T> |M»m>nt of 
the troops had been taken off Atabrine, tlie total malaria rate was ">l, ami the 
original admission rate was 22 per UHW) per annum (table 63). By June 194ft, 
over 7f> |iercent of tlie troops had been released from suppressive Ataltrine, the 
total malaria rate was 9, and the original admission rate, 6 per 1,000 per 
annum (table 64). 

A base nmlaria control group consisting of two Navy officers ami eight 
Navy enlisted men was established in November 1942. This organization was 
later expanded greatly, and Army personnel eventually predominated. By 
far the largest amount of antimahuia work on any island was done on Guadal- 
canal. By the latter part of 1943, control work was well advanced. After 
that t'me, adult anophelines were difficult to und in the occupied area except 
daring sporadic infestations. 

Tha most important measure responsible fur the gnat decline in the 
malaria rat« was the extensive mosquito control work, both tarviridal and 
drainage, which was carried out. Atabrine suppreasive therapy lowered the 
rates in heavily seeded troops. Administration of suppressive Atabrine and 
mass therapy to native«, spraying of their huts, and removal of native labor 
camps from troop areas (not aeeomplislied completely until August 1044) 
w»sre also helpful. Other factors were the improvement in living conditions 
for the troops, particularly the provision of screened quarters, ami extensive 
education in personal malaria preventive measures. 
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During tin» early jwrind. troo'* which hml staged in uncuntrolled urens on 
Guadalcanal for only a few ilays and tlien niovetl on to other islands often 
had severe malaria outbreaks traceable to their exposure on Guadalcanal. To 
prevent this, a troop bivouac, area of ulxmt 00 square miles was established in 
Nbveml*»r li>4.'5. Mosquito control was carried out here continually. X« or- 
ganisation was allowed to bivouac outside this area without special permission. 

Talagi-Flarida Islands.—The initial landing in the Florida group of 
islands was made in August 1!>4-J. Combat did not last long, but small grou'is 
of troops were widely scattered and had inadequate untimalaria supplies. A 
Xavy malaria control group lvgan its activities late in 1!M2. llefore this time, 
no malaria rates for all troo'is were available, although in one organization 
of 'Jfl" men the malaria rate was -J,fl04 per 1.000 |ier annum in December l'M'l, 
when the men were supposedly taking 0.4 gm. Atabrine a week. 

The higliest total rate for this small group of latses was 593 per 1,000 per 
annum in May lJM.'l (table tfci). Most of the cases were in a few units in 
|Miorly controlled areas. Atabrine suppression therapy was discontinued in 
about one-half the troops in August 1943; it was discontinued in all troops in 
'Se|»temU>r 1044. At this time, the total malaria rate was .», and the original 
admission rate, 10 per 1,000 per annum (table 63). Effective mosquito control 
work played the major part in reducing the malaria rate on tliese small bases. 
It was made difficult and complex by their scattered situation. 

Kasscll Islands.—1Tnop|H>sed landings were made on the Russell Islands 
in late February 1043, and a base malaria control unit arrived on March 3. 
There were neither natives nor Japanese on Banika or 1'avuvu, the two main 
islands occupied. Mosquito l»rreding sites were numerous; hundreds of ponds 
about 30 feet in diameter were present in the cocoanut plantations. 

The 43d Division, which made the initial landings, had been seeded with 
malaria on (Guadalcanal, as had many of the troop* which arrived later. 
Autimalaria details were established in all units of tlie 43d Division and in 
the Xavy ami Marine units within a month of occu|>ation. A small staff of 
malaria control personnel was able to effect a very considerable degree of con- 
Irol under condition* which were favorable to the development of epidemic 
malaria. The malaria rate for March was 281 per lJXM) per annum, mut casts 
being caused by P. fafeipmntm. Supprcasive Atabrine therapy was given at 
the rate of 0.4 gut. per week, a dosage later found to be inadequate; supervision 
was unsatisfactory. As a eonaesjnanea, malaria rates of 900 to 400 per 1JD00 
per annum continued through September. However, unseeded units which 
came to these island* did not develop these high rates. 

Nnw ClWffhl Grata*—The 43d Division attacked Rendova Island in the 
New Georgia Group on 1 Jury 1943 and assaulted Munda in mid-July; the 37th 
and 23th Divisions joined it later. During the first si months, heavy combat 
caused the formation of many shellholes, bomb craters, foxholes, ruts, and 
other sources of mosquito breeding. The seedbed consisted of Japanese and 
already infected Allied troops.   The Allied troops were presumably taking 
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0.4 gm. .«uppressive Atabrine weekly, but its admin ist ration was poorly super- 
vised. Anopheline breeding rapidly became a serious problem both on Ren- 
dova and New Georgia. 

A malaria control team consisting of an Army malariologist, a Navy par- 
asitologist, and several corpsinen landed on ltendovn on 11 July and moved to 
Munda in August. This group early initiated a control program on Remlova 
which kept mosquito breeding at low levels and then vigorously attacked 
anoplieline breeding areas in the main occupied areas of New Georgia. This 
was the first attempt to control malaria under combat conditions in the South 
Pacific Area and demonstrated that a small group of trained personnel with 
simple equipment could accomplish much valuable work. It was a new concept 
in malaria control and was the basis for the subsequent assignment of survey 
and control personnel to all large combat un its. 

The malaria rate reached a peak of &il> per 1,000 per annum in September 
1943; much of this was due to relapses in tlie heavily seeded 2.r>t h Division which 
had a rate above 1,000 per 1,000 per annum at this time, lly December, most 
of the heavily seeded units had left the base, and the rate was 258 per 1,000 per 
annum. By May 1944, it had dropped to 51 per 1,000 per annum. 

Veil» Lav»lbv—Veil« Lavella was invaded on 15 August 1943 by the 3d 
New Zealand Division and a small American force. It was secured on 9 Oc- 
tober. A malaria control unit consisting of 4 oScers ami 33 enlisted men ar- 
rived with the division, and a Navy control group was also present Most of 
the malaria cases occurred in a Marine defense battalion which had been heavily 
seeded on Ef ate in 1042. The rate in this battalion was 964 per 1,000 per annum 
in April 1944; at the same time, the bland rate was 329 per 1,000 per annum 
(table 413). The method of administration of suppreestve Atabrine in this 
battalion was improved; in May its malaria rate had fallen to 114, while the 
island rate was 54 per 1,000 per annum. The continuing low rates in the 
previously unseeded New Zealand division are a tribute to its malaria discipline 
and •■Wive larvieiding program. 

BooapdsrrU hv—The landing was made at Empress August« Buy, an al- 
most uninhabited area, in November 1943. Malaria control groups accom- 
panied the 3d Marine, America!, and 87th Divisions. A base malaria control 
group was established in January 1944. Because there were extensiv« swamps 
near the beach, the troop arm was established at some distant» from the beach, 
where the underlying sandy soil proved easy to drain. Control work was 
started early, and the malaria rate never became high. A peak rats of 119 
per 1,000 per annum was recorded in January 1944 (tank 03). Even lining« 
many of the troops were already seeded, 0J gm. weekly of suppress»« Atabrine 
helped keep the rate low.  Aerosol bombs were available and were widely used. 

Minor outbreaks of malaria occurred in troops on perimeter defense and 
in those making sorties into enemy territory. Most of these cases were due 
to /*. falcipamm, while most of those in the controlled area were relapses due 
InP.vivmm. 
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E Mira a Island.—An unopposed landing was made on this small island in 
March 1944. A malaria control group accompanied the troops and began a 
very effective mosquito control program immediately. Even heavy equipment 
drainage of all swamps was completed in 3 months. The 220 natives who 
lived in Emirau were moved to another island. 

The malaria experience of some of the Army units is of particular interest, 
since their personnel did not change so much as did those on the various islands. 

Americal Division.—This division moved to Guadalcanal by echelons in 
October, November, and December 1942. The troops lived and fought in highly 
epidemic areas. There was very little malaria discipline, no repellents or 
Aerosol bombs, and, although 0.4 gm. Atabrine weekly was prescribed, it is 
doubtful if it was taken very carefully. The monthly malaria rate ran as high 
an 1,358 per 1,000 per annum, while the division was on Guadalcanal. 

In March 1943, the division was moved to Fiji, a nonmalarious island, 
for rehabilitation. The entire division was treated with Atabrine and Plas- 
mochir between April and June. Thereafter, no ant imalarial drugs were ad- 
ministered excei* to persons with clinical malaria. The malaria rate rose 
promptly to a high of 3,760 per 1,000 per annum in August; it was still 2£80 
per 1,000 per annum in October. The division was alerted for combat in No- 
vember, and suppreesive Atabrine therapy was given at the rate of 0.4 gm. 
per week. This was increased in December to 0.6 gm. per week. By January, 
the malaria rate had fallen to 43 per 1,000 per annum. After 5 months of 
combat on Bougainville, the total rate for May 1944 was only 112 per 1,000 per 
annum. More details on malaria in this division are given by Tumulty and 
©»workers."   The malaria experience of this division is shown in chart 20. 

Plmamodwn* falcipmvunx caused more than one-half of all malaria cases 
reported on Guadalcanal during January, February, and March 1943, and P. 
«•four caused about S5 percent of the eases. Pkumodimm faletjtanun continued 
to predominate for a few weeks after the division arrived on Fiji, but P. «MNHT 
rapidly came to the fore and caused practically all the subsequent eases. 

Sappreasive Atabrine therapy was discontinued on Fiji in the hops of 
daesahrialixing the division. The theory was that if the troops wan allowed 
to have their malaria, they would gat it out of their systems and because free 
of k. The experience with this and other unite showed that this would not 
take plaea within a reasonable length of time but that 

lfltt IsstMHvy^-This npassnt landed on Guadalcanal in November 194S 
and February 1943, and took part in coaabat. The regiment was on 0.4 gas. 
wwfclji suppreesive Atabrine, but it» administration waa not closely supst i iasd. 
While tuost of the diagnoses were not confirmed by blood smear examination, 

"TMMIU. P. A, nn*rt», a, Sf»»»iH. u. u. >w u*. i.: A* awUp»M— w a» caw» 
•f Immt Malaria; «a Oraaatc aai Pajiailialf»! Aaalrato •* W SiWiri.   »«Öl »: IT-SS. 
VkfctiMrj 1B4S. 
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the regiment'H «irk report» showed malaria in 48 percent of the men, »nd the 
malmria rate reached a peak of 1,458 P» 1.000 per annum in April 1948. 

In May 1943, the regiment was sent to British Samoa, a nonmalarioaa 
island, and demalarialixation was begun. Down« "* described the malaria his- 
tory of this regiment in detail. The regiment was divided into four groups. 
One received Atabrine mass therapy at once; the second received Atabrine 
mas« therapy after a 10-day period without medication; the third received i 
therapy with Atabrine and Puumoehin; and the fourth received no l 
thmny. Suppmwive treatment was then discontinued, although clinical < 
we«« treated as they occurred. 

There waa no relationship between the treatments and the incidence of 
malaria in the four groups. Because the termination of mass therapy waa 
staggered, the peak malaria rate of the regiment dkl not exceed 4,090 per 
1,000 per annum, although peak rates in different groups exceeded 14,000 per 

" Una*. W. Q.: kX«IH Is ■■ I«r«.trr l^liml of Imil PUM of Tmlw,! fur Vim 
XnUrta.    Am. i. Tm». M*C M: «T-SS. Jmaarjr 1***. 
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CHART HI.—/M-MI-MT of malaria in thr H'lh IH/HUII)/, IX ti whir lnji fi> Ortuhii   l»)\, 
im luitiii: 
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HI: 
•ATI' ^!*   MADMISJION «AID 

1,0*«> per annum. The rat« continued high until suppressive Atabrine therapy 
was begun again in December IMS. In January 1944, the rate had dropped 
to 334 per 1,000 per annum, and it continued to decline tlwreafter (chart 21). 

An even more marked reversal than in die Americal Division of species 
predominance from P. fakiparum to P. viva» occurred in this regiment after 
it left Guadalcanal. 

18th Drrieiaa.—This division landed on Gaudah-anal in late December 
1042 and fought through the latter part of the campaign. It soon became 
heavily infected; in April 1943, the malaria rate reached a peak of 2^35 per 
1,000 per annum, although the division was presumably receiving 0.4 gm. per 
week «oppressive Atabrine. The division took part in the New Georgia and 
Vella Lavella campaigns from July to October. In October 1943, its malaria 
rate was 1,450 per 1^000 per annum. In December, the division was sent to 
New Zealand and MU* to New Caledonia, both nonmalarioae islands. Sup- 
preasive Atabrine therapy was discontinued in a small group to learn how 
heavily the division was seeded. In 4 weeks, the rate in this group was 2^091 
per 1/100 per annum. Because of the experience already described, no attempt 
was made to demalarialize this division. Atabrine administration was im- 
proved, and the malaria rate declined progressively to 44 per 1,000 per annum 
in October 1944 (chart 22). 

37th Divlaisn—The division arrived on Guadalcanal in March 1943 and 
was bivouacked in a remtivelv well controlled area.   It at once instituted an 
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effective larviciding program and enforced the use of individual malaria disci- 
pline. Suppressive AUbrin.> therapy HI administered by meter, 0.4 gm. per 
week being given until October 1943, end 0.6 gm. per week thereafter. The 
division took part in the New Georgia campaign, from July to September 
1943, and then returned to Guadalcanal. It was sent to Bougainville in Novem- 
ber 1943, where it took part in limited combat for nearly a year. 

The malaria rate remained low in this division, never exceeding 250 par 
1,000 per annum, and usually being much beV- this figure. Tl is was partly 
because the division was bivouacked in a relatively well controll -d area when 
it first came to Guadalcanal, partly because of its early recognition of the 
malaria basard, and finally to the energetic and thorough control program 
that it carried out. 

4M Pii Jam« Thia division bivouacked on Guadalcanal in February 194S 
while en route to the Russell Islands and New Georgia. It remained on the 
latter »lands until December 1943, when it was transferred to ncauMhrious 
New Zealand. Thraughout its service on the malarious islands, the division 
had beau kept on suppreanve Atabrine therapy.   During February and March 
1944, a snail group was taken off Atabrine to learn how heavily the division 
was seeded. The malaria rate in one company ram to &fl&& per 1,000 per an- 
num, approximately one-half the peak rate of the America! Division. The 
monthly malaria rate of the remainder of the division did not exceed 885 



80UTH PACIFIC 433 

per 1,000 per annum and by July 1944 lind drop|ied to fi4 per 1,000 per annum. 
During »11 this time, the division was receiving 0.« gm. Atiihrine per week. 

Plmmmdimm specie» in troops.—P. »xilariae wits rare among tmo|>s in 
the South Pacific, almost all the cases heing due to /'. fa/ri/nirnm or /'. rimr. 
The predominant species changed with the progress of each campaign. Karly 
in the campaign, falcipaitim malaria predominated, hut, as control measures 
progressed and the general malaria rate declined, rinix malaria ber«im> increas- 
ingly common, until at length it far outweighed fttlriparum malaria. 

This sequence of events is well illustrated by the experience on Guadalcanal. 
In January 1043, there were twice as many cases of falciparum as of si rax 
malariii; the two species were altout equally common in July, while in January 
1SH4 there were 20 times as many eieax as faicipurum cases. The total malaria 
rates per 1.000 per annum for the island decreased coincidently from 1,100 in 
January 1943 to G08 in July 1943 (table 62) and to 200 in January 1944 (table 
63). Several factors were responsible for this change. In January 1943. a 
condition of hyperendemicity existed, with a high transmission rate. Many of 
the cases recorded as falciparum were probably mixed virax-fatcipantm infec- 
tions in which the rivax had been temporarily suppressed. During this period, 
too, almost all malaria cases were primary ones, while later on an increasing 
percentage of them were relapses. Since relapses occur more frequently in 
infections of virtue malaria, than in falriparum. tlie proportion of rirax cases 
increased steadily. The infected troops formed the seedbed for new infections, 
and as the species distribution of the seedbed shifted, so did the species distribu- 
tion of new infections. As a result, the percentage of rirax cases increased 
progressively. In addition, as the overall incidence of malaria decreased, dou- 
ble infections became less common, so that faleiparHvn malaria no longer masked 
the viwue form. Improvement in Atabrine discipline also decreased the inci- 
dence of falciparum malaria. 

Prevalence and Ik .-line of Malaria 

High malaria rates occurred in the early landings because the importance 
of malaria was not properly assessed by the troop commanders until it had 
incapacitated many men and had interfered seriously with the euViency of their 
activities. No attempt was made at first to carry out individual protective 
measures, to enforce suppremire medication, or to combat mosquitoes. In addi- 
tion, the proximity of infected natives or Japanese provided a seedbed of the 
ifiaeaii, and the combat-produced shfilhoka, foxhole*, and rota greatly in- 
creased the mosquito breeding areas. When the importance of malaria was 
one« recognised, elimination of mosquito breeding places, hrviciding, enforced 
use of suppreauve Atabrine and of individual protective measures, elimination 
of infected Japanese, and removal of infected natives all helped to control the 
disease. The most important of these measures was the elimination of 
anopheline mosquitoes.   While Atabrine undoubtedly prevented the clinical 
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ap|H*amnco of f'ii/ti/uiiinii nmlariii in many thousands of troo|>s. it merely [»osl- 
poned the inevitable clinical attack of rh'<is malaria. 

Malaria in Enemy Troops 

Data on the prevalence of malaria in South Pacific natives have already 
'oecti given (talile 5!)). 

The »Japanese suffered more severely from malaria than did the Allied 
troops. Tlier ap|mrently carried out little mosquito control in the Solomon*, 
although a few knapsack sprayers and small quantities of larvicidal oils were 
captured. They also had I nil nets, a rc|»ellcut cream whose active i-i^rcdiciil 
was oil of citronella. a mosquito-repelling punk, quinine, and Alalirine. 

Captured medical reports quoted l>y llar|ier. Lisansky, and Sasse l:' slated 
thai among the Japanese forces in the Solomon Islands and Hismuivk Archi- 
pelago ilie primary malaria rates per 1.INH) |ter annum were 4.V> in llecemlier 
11H2, 1,1)98 in January, and l.tW" in Fehruary VMX At Kahaul. New Britain. 
.'$-'.4 ]>ercenl of one unit and ±i.if.i |iercent of another were malaria patients 
during February VM'A. The total malaria rate for Halmnl and vicinity was 
•2J*K\ |ier 1.IKI0 per annum in April UH'-\. 

The few prisoners <-a|>tiired in the South Pacific were usually emaciated 
and almost invariably malarious. 

ANTIMALAKIA POLICY AND ORGANIZATION 

At Theater I^evel 

Tlie South Pacific Force under Xavy command »as a joint CS. Army, 
Navy, Marine, and New Zealand group. Commander. Smith Pacific, was tlie 
senior Navy command. Tlie senior Army command within the area was CS. 
Army Forces in the South I*acific Area. Island commander* were res|Mtnsil>le 
toComSoPac ami to Commanding General. I'SAFISPA. On each base, there 
was an army »nice command and a naval headquarters, each responsilde to 
the island commander. Commanding genera is of divisions, if on established 
bases, were respomihle to island commander* on matter* |>ertinent to that base. 

Dtvrtopmemt of arm orgmitmtiam 

The initial malaria epidemic among Allieil troop» occurred on Kfate which 
wai occupied in March 1IM2. Daring the following month, the military force« 
on this island experienced a malaria rate of 2JJ78 per UNO per amram (table 
01). This explosive outbreak of malaria caused gnat concern, ami an experi- 
enced Navy medical oflcer, Commander Sapero, was sent to Efate in July IMS 
to take charge of malaria control measures.   An organisation had to lie created 

■Biifir, P. A.. I-1—..k,. i: T.. aa* h», B. E.: Malaria ill ontrr ln«nlmr MMWM* la 
tkr Saat* PacaV Caipal««. 1M2-IMS; I. Onml A.r*-rl» ,wi CMtrul Mraoam. \m. J. Tnr. 
)M. JT (Mpal.> : 1 «7, Majr IMT 
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from the ground up; [HMxihiiel had In U> secured, trained. :■ 1 nl it .signed, dirrc- 
tives issued, anil supplies obtained. 

This organization <|<>vclo|M>d slowly. It required time to priN-itre ind 
truin personnel in the problems <:f entomology, engineering, and iirilitriolofry 
iwculiar to this area. Only after held ti-'ml wns it |M>ssiliU* to develop :i stuff 
for urea headquarters UIKI to make those transfers which were essential to 
Imihl a strong organization. The directives which formed the legal IMH'IS of 
this orpi'iization and which established malaria control policy were written 
mid rewiitten as new problems were eiicountere«l over a peiiod of more tlian 
•2 years. The first directive. ComSol'ac Serial Wie, was issued on '2 September 
VM2 and called attention to the existence of a "malaria control unit" available 
for use .m the three buses then occupied, Kfate, Kspiritu Santo, anil (iuadal- 
canal. A group of 10 tiersons was sent to Kspiritu Santo in Seplemla>r 1U42 to 
set up the Imse malaria control unit liiere. 

Despite the fact that miopheliue |x>pulation* on (iuadalcanal were in- 
creasing and that malaria was beginning to ap|iear, IM> malaria control |a>rsoiiiu»l 
was allowed to start work on that island until mid-November, when the malaria 
epidemic was in full swing and the anopheline breeding had reached a high 
level. Such «11 attitude toward malaria control measures was typical of the 
prevailing opinion that malaria and malaria control were of minor iui|M>rtan<i> 
«luring combat operations. This attitude was largely due to igitorancr of tlie 
damage that uncontrolled malaria omld do to military penionnel. The diffi- 
culties in establishing malaria control «MI Guadalcanal despite the obvious need 
aiailr it iurmiHingly evident that a stnMtger area directive was necessary. Such 
a directive, ConiSol'ac Serial imtWk was issued on i:t Xovemlier l'.MJ and is 
quoted in part: 

Malaria owitnit aait*. with headquarters at Haar HUMP» (Kfate). have fceea aad are 
Mm eataMtaked at varionit bam la Ike flnatk l*arlaV Area. Kar» aalt coaaMa of a 
weilk-at nwrrr IB rhanrr, »11 entimmtiails«. aad laboratory awl held terhaiclaaa wko are 
xtxrtaUM* la 111 uMi— •* auilarla raatml. The» aalt« wUI adrlae awl naair «Trier 
la iiwaertwa with walarta roatroi I« BA A nay, Navjr, awl Marlae Corpa I'alts awl 
AlUrd Farrra oeram/tac walarta lafratrd lataada. 

It w tk« nayimtkllttr «f the Malaria Cnatrul lalu to: (1) waka lalwiwlakatftal 
atwttra prrtatatwc «• wawrla. 13) aaacato lianriiarlaa far aiaranw». (3) trala aftmaail 
fraw ather t—aawatt— la laboratory atmedaraa wa-talatag to wawrla natiul, (4) ad- 
riae m iwBwi to wwato nwtral wiaaarn, (8) adrtaa ta retard to wtoMMto uf 
alreraft, (•) wake awh rmaaaaawlatkaa« to tk» iiriatr aaHwrtthw U near* to wawrla 
raatral aa tb»eiicwjwtaMes nawi*. (7) araearr. atere awl watrtkaw aattwalarwl drtaja 
fur 1 ki waawwaywuw a« way k» rrajalrad hy tk» faereaat weh knar. 

A lakaratary aarUaa af a Malaria Cartral lalt will he tafMUkr« at cMtata aoa- 
walailiai kam. The wVtni la rkarar of tkear amlia will carry na atwUw af watarta 
taferted peraawari wttmH fraw walarlowi haae* awl will wake w t awwawwttawi wttk 
rrawit I» trcatweat nf aad awlarla rnatrol annun» itertalalaa; tn eraraaieit aaraaaa»l. 
They will aba» uaderuke tralalwt «f taaoratury awl wedh-al Md terbalrlana attaekrd to 
araaataaitoa» iwrparlnir to enter watarkaa* kaara la the special iww-edurra apptk-aMr to 
walarta rnatrol. 
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Personnel of JJnlurla 1'oiitml I'IIIIH will In* iitlnchoit to th<> lunjor medical de|inrruient 
activity of th<> bane to willed the unit is UKUIKI»"! for administrative |>tir|ios< s, lierthing 
and »UII»IM<IMIV TIM> major mcdlcnl <l<*|Mirtnu-nt activity will ulw> provide laboratory 
facilities for these unit». 

The Commanders of nil bases in which .Malaria t'.mtrol lull» are wiaMI»hc<l are 
enjoined to moiierah* to the fullest extent with the otBcer in charee of Miilurlu Control 
Units in order that these unit« may accomplish their extremely ini|M>rl>int mission. It 
I« directed that oflcera in charge of malaria control units tie consulted in connection with 
the »election of alten for camp« ami airfield* ami that their rcoiuuicndatloiix In such 
mailer» be siren due conaideration. 

The last sentence of this quotation pave the malaria control IMTSOIIIIPI on 
each base a voice in and a responsibility for the location of campsite* mid other 
facilities. The malariologists, entomologists, and sanitary engineers made 
surveys and gave valuable advice concerning the selection of sites which were 
or could be made relatively malaria free and to the avoidance of highly 
malarious areas. 

A year later this and other orders governing malaria control operations 
were consolidated greatly strengthening control efforts. Responsibility for the 
control of insect-borne diseases in all forces was now clearly fixed on one officer 
with a headquarters unit of mixed Army and Navy personnel. The provision 
thr.t this officer should recommend "the establishment of Malaria Control Units 
at buses, and the administration and coordination of malaria and epidemic 
control" was translated in practice into responsibility to recommend the as- 
signment and reassignment of all malaria control personnel in the area. Simi- 
lar centralization of responsibility for antimalaria activities on each base 
was provided by the provision that the senior malarmlogist at each base should 
make recommendations and report directly to island commanders. This cen- 
tralisation of responsibility followed a year after the height of the epidemic 
of malaria on Guadalcanal and at a time when repeated malaria relapses were 
seriously delaying the return to combat of such combat troops as the Anwrical 
Division and the 147th Infantry (charts 90 and bt 1). Excerpts from ComSoPac 
Serial OOSMS, dated 84 September IMS, are as follows: 

Otaaah»Hoa ant B—pa—tiUIHei 
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au effective program of control, a|>|>ll< al>lr to all forces at the bat«. He formulate» the 
control program for the bane and make» recommendation« to the IHIIIIKI Commanders who 
in torn will require subordinate units to carry out prescribed control measures within 
their respective commands. 

Beports of the senior base Malaria and Epidemic Control Omeer are submitted directly 
to the Island Commander. Copies of such of these as are pertinent are forwarded directly 
to the senior subordinnte couintMud« of the various services at each base, to the torce 
Medical Officer, Cooimaixler South I'uctnc. the »ur*ecn, L'SAVISl'A, and Headquarter«, 
Malaria and Epidemic Control. 

Base Malaria Control rails are permanently established and serve all forces without 
service distinction. The units are jointly constituted, being composed of specially trulned 
Army and Navy personnel—inalariolnclsts, entomologists, engineers, parasitologists, and 
laboratory and Held enlisted technicians. 

The Malaria Control Unit described in this directive, or Malaria Control 
Group as it was subsequently called, consisted of a malariologist, one or more 
Army malaria survey detachments, and one or more Army malaria control 
detachments, or equivalent Navy personnel. Tlte command channels of this 
group are discussed later (p. 442). 

The area organization developed as the area expanded to 11 malarious 
bases, as the legal basis was hroadened, and as the personnel increased from 4 
persons in July 1M2 to over 130 technically trained personnel and nearly 4,000 
laborers in June 1944. This growth made clear the need for an area staff 
which was developed in the foUow ing order of appointment: An area malaria 
sad insect control officer; an area entomologist; an Army liaison officer, an 
ares training and education officer; an area administrative assistant; an assist- 
ant malaria and insect control officer; an area engineer and two tilaria survey 
officers. 

Retpomtibilities ami dmties 

The duties and responsibilities of the area organization were as follows: 
1. It served all Allied Forces in the area. 
2. It formulated area directives which were issued by ComSoPac and 

Coanmandir« General, USAFISPA, and which defined and gave authority 
to insect and rodent control policy, organisation and function. 

2. It made recommendations for the pcocursaasnt, assignment, and transfer 
of ell persouusl assigned to insect control activities. 

4. It provided technical and supervisory assistance to the various bass and 
division Malaria and insect control groups. 

ft. It was responsible for the control work of the base groups and sstsb- 
lishod n uniform System of reports and inspeetkma. 

6. It rsccranarssded allowance» and pioridsdfo 
tion of malaria control equipment end supplies. 

T. It provided sn sreawide educational and publicity program of malaria 
end insect control for all personnel, and special information for line < 
medical officers, and for personnel assigned to malaria end control work. 



438 ro\|\M XH'AIII.K  IH.^KASK« 

OHA*T '£%.—\tnlntin  *intt  /»*r<| VttHlnd  ihyumzniion.   No*'A   I'ttiifa' Arm,   J  Jat.i    f.4*,) 

«IUUMU 

MtatJMf MaUUB* CONlKt omen, it* 

»»«*»• ii*vM Of KM (3) 

1   aCUPOat« 

11». M. 

ptmen 
■ W. Mt. 
MMKTI 

I. WUHMi 

8. It made personnel anil equipment available fur special problem» of 
malaria control mich as airplane application of DDT rotations and »praying 
of bed net» with DDT, and for problems concerned with filariaain, mite-borne 
typhus, dengue, and rodent control. 

Chart rf3 shows the personnel of tlie are» organization ami tlie distribution 
of bum and division groups. Letter ordert« authorising all necessary travel 
to malarious bases were given to the area Mt«IT. Some member of the head- 
quarters staff made a complete circuit of the malarious bases every 4 to 8 
weeks to keep in touch with kn-al work and needs. The area entomologist 
and engineer offered technical assistance ami advice to the corresponding 
datura in each base unit. Distribution of technical information was ah» 
accomplished through a newsletter and through special publication» such as 
synoptic keys to mosquitoes. Uniform methods of reporting information 
were adopted for all base reports as well as for area reports. 

rtefH—wt and aauafcunnen« of technically trained pmiaail Tnlli 
M duKiibes the personnel engaged in insect control work as of 1& May 1944. 
The technically trained personnel comprised medical oaVcra. entomologists, 
parasitologists, sanitary engineers, and enlisted personnel of the control and 
survey detachments. They formed the Base and Division Malaria and Insect 
Control Groups. As of 1 ft May 1944, this personnel comprised 188 oaVer« and 
MS enlisted men, divided as follows: Army, 4M; Navy and Marine, Ü89: Xew 
Zealand, 37. 

Technically trained Army malaria control personnel was provided by the 
War Department in three categories: Mamriologwes (medical officer»), malaria 
survey detachments, and malaria control detachments. 
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TAKLE WS.—Malaria ami iniurl ctmtrol prrmmml, South I'arifir Arra, I' May I!'.',', 

Tyi» uf nrmmnrl Smirrr trf nrrannnel S'IIHIUT 

T<i'ht.irally traim-d |a.T*oninl: 
MsUriolodii-tN, <-iitomoloKi»t», |mr- \\»r  IVuartrnrnt atift Navy  IH'imrl-            TTI 

nxitologistx, sanitary  inniixiri-. mint Baw and Division malaria anil 
rodent    control    offirrrs,     ami himft control groii|is, <-om|>ri»<-d of 
trained enli»t«l |»-rsonwl. iia-dk-al ottic-r |n'rxoniH'l and nt-r*on- 

in'l from .*|»Tiiil siirvry and control 
«k'tMchnM'iits for Inland disi-nsi-*. 

SkilM lab.»: 
Oprrntor.'* of ht-avr itiuipiiMMil, dv. Navy    ron»triii'ti<Hi    Imitation*    and          'l£H 

namiU?   rn>w»,   and   flimw   and Army Kimin 1 r Cor|ix. 
rulwrt crvws. 

I'nskillrd labor: 
Mrdlral nanitary rouipaiiH-s  ..       . War I Vpartmt-iit 
Trot: !i antimalaria flftails   Troop units. 

»36 
1, 47« 

Native»...  Ural tiovenimnit aswiry..  S87 

Total    _   __      ...       4,407 

'AwwtailvlMia, ltittmumm*t»l<me rut. 

Army malariologists arrived «8 casual officers. AIIIKM all of these offi- 
irrs had taken the conn« in tropical medicine at the Army Medical School, 
and the majority had had field work at tlie Army N-IWOI in Florida or Panama. 
They were attached to Headquarters, Services of Supply, South Pacific Area, 
and then ordered on detached service to the various base» and divisions. There 
were SI Army malariologists in the area: 2 lieutenant colonels, 8 major«, and 
11 captains. One Army malariologist was on tlie aiva malaria control staff, 
• were senior base malariologists, C were division malariologists, 1 was assigned 
to the Office of the Chief Surgeon, USAP1SPA, 1 to Headquarters, XIV 
Corps, and the remainder acted as assistant base nialariologists. 

There were 1? malaria survey detachments and 20 malaria control detach- 
ments within the area, as of 1 June 1044. The officers of these detachments 
all a<et the basic technical requirements for their specialty. Tlie enlisted men 
were untrained at time of assignment but were usually of high caliber and 
rapidly became competent technicians under the guidance of their onVtrn. 
Tier* would be great advantages if in the future these enlisted men could have 
a period of formal training at Army medical centers or at one of the Army 
malaria control schools. 

Navy malaria control personnel was procured through the Xavy Depart - 
ment either from the Malariokgy School of the Naval Medical School, Be- 
theads, MtL, or from Navy replacement pools or other organisations within tlie 
South Pacific. The usual Xavy malaria control team consisted of one officer, 
an entomologist, and from three to live enlisted men.   Kach Marine division 
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was provided with n larger teaiii (railed an epidemiology unit) of 3 officers 
(malariologist, entomologist, para sit ologist) and 12 enlisted men. An engi- 
neer for this team was provided from the sanitary section of tlie naval con 
«ruction battalion which was attached to each Marine division. Enlisted nun 
frcm Bethesda were well trained in laboratory diagnosis and in elementary 
field procedure. Several Xavy officers exjirrieiicrd in rudent control were 
obtained from organizations in the South 1'iicinc. Xavy warrant and Hos- 
pital Corps officers were also secured locally to administer malaria control per- 
sonnel and supplies on larger liases. 

Tlie Xavy malariology teams were often broken up and assigned to Army- 
Navy or all Xavy groups to meet the needs of a local or island situation. 
This was in contrast to tlie policy of assigning Army units intact and resulted 
in a valuable flexibility. 

Prwwwt of iahor and equipment—Skilled and semiskilled labor 
was needed for semipermanent mosquito control work which required the 
operation of heavy equipment such as bulldoxers and draglines and special 
skills such as those of a dynamite expert. Almost all such skilled labor and 
heavy equipment were obtained from naval construction battalions or from 
the Army Corps of Engineers. 

An entire naval construction battalion was assigned to malaria control 
work on Guadalcanal in May 1M.1 on recommendation of the theater malariolo- 
gist Subsequently, sanitary sections for malaria control work were organised 
in all naval construction battalions. 

Unskilled labor was recruited from three sources: Army medical sanitary 
companies, natives, and troop unit antimalaria details. The first Army medi- 
cal sanitary company arrived about mid-lMS and was assigned to Guadalcanal. 
Subsequently, nine such companies arrived of which eight were assigned to 
malarious islands on recommendation of the theater malaria and insect con- 
trol headquarters. It should be emphasised that every medical sanitary com- 
pany on a malarious island in the South Pacific worked full time at malaria 
control. Credit for withstanding the pressure to assign than «nits to other 
work most he given to the Surgeon, USAFISPA. 

Native labor was scarce and was strenuously competed for by both combat 
ami aerrice «nit«.   Usually a certain proportion wan assigned by the Island 
Cosnmand headquarters to malaria control work* 

The work of -killed and unskilled labor it described on page* 44ft ami 487. 
Bonuossa ami anuJnansenV-Ther* were acute shortages of all antimalaria 

supplies and equipment in IMS, °* which the most important war« Atabrine, 
mosquito repellent, insecticide and knapsack sprayers. In this early period, 
the area malaria control organization advised on allowance» and was respon- 
sible for the establishment of quotas and distribution of those items in which 
shortages wore acute.   Excerpts from the pertinent directiveM follow: 

«IVnlwLMtn X«. IS. Hm*swrnn. StrrfaOT U BatMr. Saatk PadSe Ana, IS Ma? ISM. 
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1. Central procurement, difttrihiirion ami iwue of Insecticides. \<mt control xii|iplles ami 
CODlltttent for all Armed For««« located In the rtoutn PariBc Aren I less those located In 
tbe KaiiHxiii Group) hau lieen assigned to the Army Services of HtiMdy by ConiHol'ac. 

2. Service Command Quartermasters, • • • In co»|ieratlou with the Raue Malaria 
Control tHfk*r«, will receive, »tore, ami distribute the above au»|tlies to all Armetl Forces 
at each base. Navy Supply OOcers, Marine Quartermasters and New Zealand Supply 
Officer« may obtain their stocks lb bulk from Uase or ttervtae Commaml Quartermasters 
at each Base, by requisition. 

* * • « * • • 
5. The use of Insecticide« awl Insect re|iellents within the South I'nclnV Aren will lie 

governed by luMlrwMloux Issued by each haw malaria control «WOT. 

Transportation was often a serious problem. Each iiialnrin control group 
was responsible for a territorial coverage which averaged about 20 square miles, 
often in the shape of a long narrow beachliead. I n addition to distribut ing their 
own survey and control crews to all parts of this territory, most grou|»t trans- 
ported 50 to 100 native laborers to and from work each day and hauled labor 
details. They also did power spraying, hauled gravel, and did other work 
requiring vehicles. The increased number of vehicles which were finally 
authorised for malaria detachments and for medical sanitary coni|>anies 
were adequate. A special tlieater directive provided transportation for 
malariologists. 

Limiaon 
Since this was a joint service organisation, no liaison was needed between 

branches of military service or with Allied Forces. There were contacts with 
the civil population on New Caledonia and on Efate chiefly in connection with 
anlimoaquito operations. These were ordinarily easily handled through ofacial 
channels. The assistance of the pariah priest wan sought, and generously given, 
whan dengue carrying mosquitoes were found breeding in flowerpot* and other 
receptacle! used for decorating grave» in the cemetery. 

Local or Island Organisation and Procedure 

The work of tke mmlmriolcgiM 

Th» command basis for the work of the island noabu-iologiat has 
(pp. 48ft, 4M). By these directives, taw senior nmlarioeogiot at i 

bass eventually was made directly responsible to the island cosnnander for 
formulation of a program of control applicable to all forces—Army, Navy, 
Marias, sad Allied and for rernsnmMsdstinns to ■nahe this program ctfectm. 
The commanding ameer of each subordinate organisation on the island waa 

»for all malaria control activities within and adjacent to this bivouac 
Reports and recommendations of the senior base malariokunst wore sub- 

mitted directly to the island commander, who, in turn, required the subordinate 
commanders to carry out prescribed control measures. This chain of command 
was unusual in that it did not conform with tbe ordinary channels through the 
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commanding officer of service command or through the Commander, Naval 
Advanced Haw. 

This latter point may be expanded by citing the problem of Guadalcanal 
where the malaria i-ontrol organisation watt a mixed one of Army and Navy per- 
sonnel and when the first island malariolngu* was a Navy officer, subsequent 
ones being Army ufficrn«. The question arose: Should command channels 
through Commander, Naval Advanced Base, be utilised when the senior ma- 
lariokgist was a Navy öftrer and should these channels In changed to go 
through Commanding Officer, Service Command, when the senior malariologiat 
was an Army officer, or should both command channels be utilised since this 
was a mixed service group f The solution was direct report iag to the Island 
Command with copies to subordinate commands. 

The organisation of the Army-Navy malaria control personnel on a typical 
island base is shown in chart 84. A mixed Army-Navy group was developed 
on moat islands. The variable sine of the Navy units was particularly ad- 
vantageous for small bases where only one or two officers ami a few enlisted wen 
were n~-<ded and where the Army unitsof fixed sise were too large. 

Chart 25, Guadalcanal Malaria and Insert Control Organisation, is pre- 
sented as an example of organisational development im idand« large enough to 
require two or more malaria control groups. (The term "Malaria Control 
G'Ywp" is iiwd to designate a working organisation comprising a malariologist, 
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• malaria survey iletacliment, ami a malaria control detachment.) Tlie Island 
headquarters wax in* provkled for by any table of nrinmiut HHI but developed 
to fill a need for overall miis-r-vision on larger liases. M«litimt iisiw of t lie liead- 
qnarters section, diagrammed in chart 25, were eHuMished «HI Kfate, Kspiritii 
Santo, New Georgia, and Bougainville. 

The malaria control personnel on mot* IWWH fonned a joint Army-Navy 
group who lived under one roof ami worked tojpther in one area. Two-thirds 
of the groups were attached to Army or Navy hospit ■ Is for quarter» ami rat km«, 
one-third to Navy advanced bauen or Army servk-e commands. Three groups 
set i>.p independent housekeeping with a medical Kanitary company assigned to 
malaria control work. This had distinct advantage», among which watt a 
time for meals favorable for field work. 

The position of the OMMriohigist in this organisation was an ambiguott* 
one which ran be explained best by saying t liat lie was a staff oaVer wliose duties 
often required the assumption of command responsibility. This was evident 
in his relations with assistant malariologists ami with personnel of survey 
dVUichmenta, control detachments, and sanitary rwiimnie«. He selected their 
location», directed their work, ami initiate«! or approved mwnmendattons for 
promotion. This assumption of command re*|ioiisibility funrtkMted well be- 
cause of a general willingness to cooperate ami because tlie high command fos- 
tered such a situation by directives quoted prevkmsly which made tlie ma- 
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lariologist res|>on*<il>le for all insect control activities «in a Iwse. However, the 
malariologist had no lepil command authority over the malaria detachments and 
medical sanitary <-om|Niiiies which were small. inde|tendent commands. In a 
long-range program, this officer should have command authority corresponding 
to his responsibility. 

The duties of the inalariologist included: 
1. Formulation of an effective program of mosquito con)ml, utilizing the 

advice and assistance of specialists, the entomologist, tlie parasitologists, and 
the engineer. 

2. Integration of the work of the survey detachment, the control detach- 
ment, and labor. 

3. Estimation of need for and requisition of personnel and supplies to 
execute the program. 

4. Development of an effective malaria training and educational program. 
5. Preparation of directives pertaining to malaria discipline and tlie mak- 

ing of spot inspections for violations of malaria discipline. 
6. Consultation and recommendation in regard to tlie selection of sites, 

for camps, airfields, bivouac and maneuver areas. 
7. Segregation of natives. 
8. Recommendations concerned with the institution and discontinuance 

of suppressive medication. 
9. Supervision of disinsectiaation of airplanes and ships and other meas- 

ures to prevent the dissemination of disease. 
10. Preparation of reports of the malaria situation on his base or in his 

division area, including especially statistics regarding malaria incidence, status 
of malaria discipline, entomological and climatological data, work of control 
units, activities of tlie training program, status of antimalaria supplies and 
of personnel engaged in control work, and recommendations. 

Tlie first work was done where troops were concentrated. Speed in insti- 
tuting control measures was most important in occupying a new base. Initial 
surreys were done rapidly and more thorough work came later. Larviciding 
and other temporary work, such as clearing of paths to facilitate oiling, were 
usually initiated coincidentalry with the first survey. 

The initiation of semipermanent work depended on the sine of the troop 
population to he protected, the period the area was to be occupied, and the 
available labor and equipment. As soon as surreys were completed, a list 
was prepared of semipermanent control projects with detailed estimates of 
labor and equipment. These projects were listed in order of priority and wen 
initiated directly if they were within the scope of the malaria control personnel 
under the jurisdiction of the inalariologist. Larger projects requiring special 
equipment and labor were submitted through proper channels to the com- 
manding general for approval and for assignment of the needed equipment 
and personnel.   These projects competed with other high priority work, such 



SOUTH PACIFIC 445 

as roadbuili'ling, airfield const ruction, and erection of hospitals. Presenta- 
tion had to be clear and concise ami had to include an adequate justification 
for priority. 

The need for continuous integration of the work of the survey and of the 
control units was recognized rapidly. In wartime practice, survey and control 
work were initiated simultaneously and continued to be interdependent. 

The malaria survey and the malaria control detachments 

The Army malaria survey detachment consisted of 2 officers and 11 
enlisted men, all technically skilled, and charged with entomologic and para- 
sitologic work to aid the control of malaria and all other insect-borne disease. 

The entomologist and his enlisted men furnished information about the 
breeding of mosquitoes and other insects, their biology, and relations to disease. 
This information was always accompanied by recommendations as to specific 
control measures. The work was continuous and was recorded on maps and 
other forms so as to give a clear and continuous check on the effectiveness of 
control. 

The parasitologic section of the survey unit furnished information about 
the incidence of malaria and other parasites in natives, in U.S. troops, and 
in Japanese prisoners and recorded this knowledge so as to aid both the 
planning and the evaluation of control work. 

The Army control detachment comprised an engineer and 11 enlisted 
men and was responsible for planning, executing, and maintaining all insect 
control measures based on the findings of the survey detachment; for super- 
vision and correlation of all labor and equipment for this work; and for main- 
tenance of suitable records to give a continuous and clear picture of control 
activities. 

The enlisted personnel performed a variety of duties, according to the local 
situation. These men were most economically and efficiently employed as Super- 
visors. Occasionally, on large banes, an entire control team was made respon- 
sible for a special project such as work on flume and culvert maintenance. 
Additional enlisted personnel were assigned to work with dynamite or banga- 
kwe torpedo ditching crews, lien were trained to operate bulkkacn, draglines, 
and other heavy equipment. On islands where airplane spraying of DDT 
eolations became an important control measure, crews of one to six men wen 
assigned to mix DDT solutions and to service the spray apparatus installed 
in the planes. 

Table 66 shows the average number of personnel available for the work 
of the nwlaru control units during the 6-month period from December IMS 
to June 1944. The engineer was responsible for the work of these laborers 
except that of the troop antimalaria details. Thus, on the larger bases, each 
engineer had from 100 to 250 men, exclusive of troop units, working under his 
general supervision. 
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Troop Unit Antimalaria Organization 

From the Hret, aniimalaria details were ex]m:tnl to do the larvicidal work 
in their own areas. The assignment of men to oiling detail* in 1943 and the 
early half of 1943 was irregular and depended <NI personal arrangements between 
the island uialariologist and each commander. In Se|itember 194.1, an area wide 
directive, (\jmSoI»ac Serial Olfil»,dated 13 Se|Menilter 1»43, ordered t lie forma- 
tion of a mosquito control squad in even- batallio». A snbwqiient directive, 
ComSoPac Serial 02158, dated 19 October 1044, ordered the formation of an 
antimalaria detail in each company, hattery or similar unit. This detail 
consisted of one notieoanmimioned naVer and t wo enlisted men per infantry com- 
pany or a proportionate number for other units. In noninedical units, these 
details were made up of nonmedical personnel. These details wen responsible 
for all insect control work within the region occupied by their units, and their 
work was checked by technicians from the base or division malaria survey 
detachment described previously. 

These antimalaria details worked effectively in all situations except 
those of frontline Mmihat. It was not only impossible for most antimalaria 
details to do antimosquito work under combat conditions, tart these iwrsonneJ 
were as fatigued as their comrades at the end of the combat period and so 
further postponed this work. To remedy this situation, temporary *|>ray teams 
were formed in combat regiments and are described in the next section. 
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Division Malaria ami Inject Control Organization 

The Division Malaria und Insect Control (iroup comprised the division 
malariologist, a imili>ria survey detachment, und a malaria control detachment 
totaling 4 officers and ££ technically trained enlisted nii-ii. This group was 
attached to the division over and aliove itr- established allowance for Medical 
]V |»inm<-nl personnel. They |*erfornied the same functions for the division as 
did the Imse malaria ami insect control group for each island Im«*', with the 
addiiional duly of |in>vidinguntiinalaria protection during the (tcriods of active 
combat. This resulted in 'ess emphasis on sjH-ciuli/.ation and more cmpha.-.i.-> 
on Hexihility, with every man trained to aid in all phases of a simple anti- 
mosqnito program. 

It was the duty of the division malnriolngisl to provide plans for the con- 
trol of malaria, dengue, mile-liorae typhus, and otlier insect-borne diseases dur- 
ing a period of active operation. The final plan, selected from several prc|mred 
in advance, was determined by the particular military situation. 

An important feature of all such plans was the provision for a pool of 
trained men to do temporary insect control work hehind the lines during com- 
bat periods. This pool of ]iersonnel was obtained by drawing one man from 
each antimalaria detail ami adding a technically trained nucleus from the 
attached surrey and control detachments. In most plans, this personnel was 
split into four temporary spray teams, of which one was attache«! to division 
headquarters and one to each of the three regimental headquarters. The tempo- 
rary spray team went ashore with the division or regimental headquarters to 
which it was attached ami began work. Fly control was done by spraying un- 
buried bodies with 3-percent DDT solution or 1-percent sodium arsenite solu- 
tion. Straddle trenches, pit latrines, ami other sources of fly breeding wen 
treated similarly. Mosquito control measures were carried out »round head- 
quarters, medical facilities, supply dum|>s, ami .ilong communication lines. 
(See appendix A, p. 582.) 

Malaria Control Labor 

Unskilled labor was obtained from Army medical sanitary companies and 
natives. Each Army medical sanitary company constated of S onkers ami 100 
enlisted peraonuel. These companies provided their own messing facilities 
and were author-iced " to operate nine vehicles ami other suitable equipment. 
They were assigned to island coaunands and were employed as directed by the 
nialariomgist in conjunction with antimalaria work. There were eight medical 
sanitary rompaiiie* used only for malaria control within the South Pacific 
Area as of 1 June 1944, located as follows: Four coui|>anie8 on Ouatiaicanal; 
one «ach on Kussell Islands, Munda, ami Hougainrille: ami one divided coni|Mny 

"T OAK »111. Mrdlcal lU.li.r, CMBIWBX. 1» Ma- INI. 
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with a platoon on Green Island and a platoon nit Kniirau Inland. They rapidly 
developed an understanding of the problems of malaria control and facility 
in necessary procedures. Enlisted men who showed aptitude were trained in tltr- 
operation and maintenance of heavy equipment, in dynamite work, and in mos- 
quito survey work. Tliese troops were of great value as a constant source of 
experienced labor. Their activities included larviciding, application of resid- 
ual spray, hand ditching, and similar work. 

Natives were employed on nearly all bases. The derision to utilize this 
source of labor was made early in lite campaign with the knowledge that tliese 
local inhabitants constituted a potential seedbed of malaria and tilnriasis. The 
malaria control organization attenqited to minimize this health hazard by seg- 
regation and by other means described in the section on malaria control meas- 
ures. Laborers worked in sections of 25, each with its own native sergeant. 
The total number of imported Melanesian laborers on all bases was over tyOOO 
in 1044. About 600, or 10 percent, worked daily on malarin control during the 
period of maximum activity in the theater. 

Airplane Spraying Arrangements 

Arrangements made by the malaria and epidemic disease control organiza- 
tion for the accomplishment of airplane spraying varied on different bases. In 
one respect, however, they wen uniform; that is, all spraying was done on a 
scheduled basis and because of known need for larvicidal work, with the excep- 
tion of spraying done on a purely experimental basis for evaluation of equip- 
ment. Only small aircraft were routinely used. Frequently, the equipment 
used and operating arrangements resulted from informal arrangements, and 
much of the spray equipment was fabricated at airplane maintenance shops. 
Or. most bases, pilots were assigned to the malaria control organization for 
operational control, a moat important factor in the accomplishment of eScient 
airplane spraying. The arrangements eventually worked out for airplane 
■praying on Guadalcanal may be considered representative of this work in the 
South Pacific 

All regularly scheduled and special flights were under the control of the 
Luand Command entomologist who briefed the pilot on the area to be cohered 
and arranged for loading the airplane with insecticide. The pilot arranged 
for operational clearance from the field where the plane wa* baaed and from 
the field from which operations were to be carried out Usually, the field near- 
est the «:U> to be sprayed waa selected for use, in order to minimize the time 
repaired for ret urn to the field for reloading. Frequent ly, abandoned airstrips 
were used until this practice was forbidden beraum of the lack of emergency 
equipment. Aircraft were serviced by means of a mobile service truck developed 
and equipped for the specific purpose. In |*acl ice. the use of aircraft without 
radio equipment proved an advantage became of priority in landings ami take- 
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offs from busy Kelds. Experienced pilots, properly briefed, needed no ground 
guides other than terrain or vegetative feature« in order to lu-coinplbsh thorough 
coverage. 

Other Military Agencies Engaged in Antimalaria Work 

Skilled labor for malaria control work included dragline and bulldozer 
operators, dynamite expert», carpenters, and welders to make flun.es and cul- 
verts. Such skilled personnel and heavy equipment were obtained chiefly from 
naval construction battalion personnel, and in small jwirt from tlte Army Corps 
of Engineers. 

In May 1W3, the need for large-scale mosquito control work on Guadal- 
canal became so urgent that the entire 63d Naval Construction Battalion was 
ordered by ComSoPac to malaria control work at that base. The personnel of 
th'w battalion rapidly became acquainted with malaria control problems and 
techniques and accomplished an extraordinary amount of semipermanent con- 
trol work over the entire base. 

The formation of sanitary sections in all naval construction battalions for 
use on malaria control work was authorised by a series of directives issued in 
July ami August. These directives ordered each naval construction battalion 
to form a sanitary section of 110 enlisted men and to provide specified equip- 
ment for work on malaria and epidemic control projects under the direction of 
base and division (Marine) malariologists. equipment assigned to each sani- 
tary section included one dragline crane, one tractor with bulldoaer blade, and 
Mven trucks. Since there were about 20naval construction battalions on malari- 
ous bases in the year subsequent to this order, these directives made available 
to malaria control a potential total force of over 2,000 men and more than 20 
bulkkeera, £0 dragline crane», and 140 vehicles. Actual compliance with tliese 
directives furnished about 500 men, 10 to 15 bulldozers, and 8 to 12 dragline 
cranes dairy for work on malaria control projects during the 8-month period, 
November IMS to June 1044. 

Dtwpite outstanding work by many of these lmttaliona, compliance with 
these directives was usually delayed and incomplete. Work often wa? done 
too late to forestall an initial outbreak of malaria and seeding of troops. Thia 
was due to high priorities for airfield», roads, harbor, and storage facilities. 
Bequests for diversion to malaria control of 10 percent of men and equipment 
often w sated nnieas mabhi to the onfcera responsible for major construction 
project*. 

Certain faulte were inherent in tlie sanitary section of the construction bat- 
talion as originally conceived. Construct ion battalion personnel comprised for 
the moat part highly skilled labor with technical ratings and with only few 
unskilled workers. It was wasteful and damaging to morale to use skilled 
labor for unskilled manual work. Wherever possible, tlie use of skilled con- 
st met ion battalion labor was limited to the use of heavy equipment and to other 
skilled job» while unskilled manual work was done by native labor. 
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The use *>f Army engineers for malaria control won milhorixed "• at 
follow«: 

"The Cor|Mof Engineers is charged with the i-es|Niusihility for the execu- 
tion of mosquito control work on re»I property. This iii-hides such measures 
:i« drainage, tilling, larvicidal programs, and screening." 

The mimher of troops ii< (he Army Corps of Engineers in the South 
1'iifiKe. Anii was small, us compared with the iiumher in the naval const mr- 
tion bnttalions. The use of s'tch troops for malaria control projects was 
subject to the same delays encountered with naval construction hiillalion 
sanitary sections willi the added hnnilicap that no set percentage of troops in 
she Army Corps of Kngineei-s was <r'"cted to do malaria com nil work. A 
few of these troops did excellent wm on insect control projects, hut the total 
was small. 

The practice was lieguu during It'll of suhmitting consolidated estimates 
for all Use malaria control projects to the commanding general, witli the re- 
quest th:il these projects lie assigned to heavy equipment units. This resulted 
in the division of these projects lietween Army engineer units and naval con- 
st met ion Imttalioiis.   Such projects were well prosecuted. 

A large share of seiiiipenniiueut work was done with liorrowed equipment 
which was maintained and o|terated by personnel of malaria control detach- 
ments and medii-id sanitary companies. SIM'II eqiii|Hiient wlik'li was in great 
demand was olitaiiied by a process of barter and exchange, t lie details of which 
Wv-re best known to Army supply sergeants and Navy warrant officer-. 

Thus, malaria conlml |>rrsonnel on Guadalcanal »iterated an average of 
in bulldozers, •> draglines, ami several disk harrows throughout 1!>44, and 
similar |>ersoimel on Ksplritu Santo ami lfaxigainville o|»enite<l abmit one-half 
of this amount of equipment. A few experienced operators of such equiiHitent 
wen- found in the various malaria control detachments ami others were trained. 
The great majority of all semipeniiane'.t drainage work done in the early 
months of ocru|Mition on several isla'.tt liases was accomplished in thia extra- 
legal manner. Tliese experiences led to a reromatrndat NHI to the War Depart- 
ment, which waa approved by Head<|Uk rter«. Services of Supply, South PeciRr 
Are«, to add a limited «mount of lamvy earth-moving equipment to the table 
of organisation and equipment of medical aankary companies. This recom- 
mendation was rejected on the ground that medical mnkary companies did 
ma have tlie necessary maintenance crews and facilities to service *wrh lieavy 
machinery. This objettion way theoretically valid; in practice, however, such 
equipment in the hands of malaria control units had an excellent reconl for 
days worked per machine per immth and for rapid repairs when needed.'1 

■ War Ifc-tortMirat OmUr !Ca. 123, 31 *»•>*• IMS. 
" It U ««III tmt apialm laal PUT |4*a at ***html** «ark malpawl to a aularta naatral arnaUa- 

IWa •» MMIIII a? i iail|oan»r«i rwKrul work b I» kr ■ irMaallnaia' «arlax lar wirto- amata. aa a 
arar la»- t^Wn' Kato. 
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ANTIMALARIA ACTIVITIES 

Training, Infurmalion, and Propaganda 

Tlie training ami education program was planned to reach every officer 
and man in the area on a level consistent with his res|Hmsil>ility. This program 
fell into two parts: (1) The work of the area headquarters staff which 
dt'velo|ied the necessary directives, provided manuals, posters and other educa- 
tion»! aids and conducted a small area training center: and Ci) the work of 
base a.id division malaria control groups which directed the mass education 
program. 

The area staff prepared six pocket-sized niaiiiials, three on malaria and 
on« each on dengue, lilariasis, and rodent control. The three manuals on 
malaria were written res|>ectively for medical officers, for line officers, and for 
enlisted personnel. Alton! 500,0t>0 copies were printed locally lit provide one 
for every officer and man in the area. The area stuff included nil artist, who, 
over a 2-year period, produced 15 |Mwters, a monthly pinup calendar, and a 
weekly cartoon for tlw Sunday edition of the local mimeographed paper. 
"Malaria Moe" and the Frank Mack versions of a pinup girl and of an 
a no; »lie line mosquito were found in nearly every tent and quonset hut in the 
area. Fosters were reproduced in numbers to supply one large and one small 
size for every :SM men. One calendar was printed monthly for every five 
men. 

A library of malaria control films was obtained and circulated to all hose 
and division groups which arranged for command showing of the more im- 
portant ones. Only two Kims were considered adequate, u "Snafu" film on 
malaria and a film produced by the Army Air Corps, TF1-&V4.'). Such 
excellent results were obtained front the few satisfactory films that were 
available that it is to be Imped that more and Iwtter training films will be 
prepared for tltese subject». 

A monthly newsletter was found t«> lie a most successful method of 
disseminating current information to malaria control officers, hospitals, and 
base and division surgeons. 

An ana training center in malariology and other insert-borne diseases 
was established first on Efato and later on Kspiritu Santo. It began lato in 
IMS with snail classes of three to fire naVera for 3-week periods. The stu- 
dents at this school included all newly arrived niaUriologtstK and such troop 
unit malarif control officers as could be spared from their organisations. 
The school was located on the grounds of a large hospital which had a high 
census of patients ill with malaria and other tropical diseases and who were 
available for clinical and parasitologic study. The medical staff of the hos- 
pital aided tht area malaria control staff in the teaching program. Adequate 
parasitologic ami entomnlngic collections were built up and a small Imt good 
library was obtained.   Thirty nudarioiogists, or more titan two-thirds of those 
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who worked in the area, attended these schools as did a larger numlier of troop 
unit malaria control officers. 

The training program on euch island or lmse was divided into three 
parts: An apprenticeship system for newly arriving i>ersoiiiiel of malaria 
etc trol and survey detachments; a short school for troop unit nntiinalaria 
details; and a simple educational program for every mini in the area. 

The apprenticeship system was devised to meet the needs of incoming 
innluriologists, entomologists, parasitologists, engineers, ami the men of their 
detachments, a few of whom were experienced in the problems ]>eculiar to 
the South Pacilic Area. This apprenticeship ]M>riod lasted from 1 to :{ months. 
The teaching stuff consisted of the entire personnel of a veteran group, anil 
the curriculum was the daily work of this established group. After a short 
time, the newly arrived personnel were assigned a small area and were made 
responsible for all phases of antimalaria work therein, before being given 
a completely inde|iendeiit assignment. 

It was often possible to place six or eight men of a control unit with 
a naval construction battalion or Army engineer company, where tliey rotated 
through a program of work with dragline crew, transit crew, dynamite gangs, 
and lieavy maintenance section. 

Tlie training of enlisted personnel as technicians qualified to read blood 
smears for malaria was one of the urgent problems in the early period. The 
first school for technicians was started at Kfate, using as instructors corpsmen 
wlto had been trained at the Naval Medical School. From 50 to 100 routine 
thick-blood smears were examined each day bj these corpsmen and were 
»VBilable for teaching purposes (fig. 54). Similar schools were established 
on Espfritu Santo, Guadalcanal, and other bases as soon as malaria control 
groups arrived. Students were trained either singly or in small groups. Over 
450 technicians were trained in the first 2 years of this work with an im- 
provement in malaria diagnosis throughout the area to the point where over 
95 perrent of all cases were confirmed by the laboratory. 

Tin* School for Troop Unit Anti-Malaria Details was designed to teach 
the element« of larviciding and other control measures to the men who com- 
prised 4hem details in each company. This activity was initiated by ComSoPae 
Serial OKI«, tamed on 13 September IMS and revised on 19 October 1944 
by ComSoPnc Serial 02158. 

An effort was made not only to show how to control malaria bot ah» 
to explain the rationale of this work, thus creating a nucleus of informed 
officers and men in each battalion and company. An average class consisted 
of 10 to 15 students. Tlie officers and selected enlisted men from base and 
division malaria control groups comprised the faculty. The period of instruc- 
tion v.as usually 2 to 3 days. The presentation of subject matter was ele- 
mentary. The unit medical officer was required to attend because he was 
expected to use this type of presentation in his talks with the men of his 
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organization. KinpImM» was placed oil practical field work, lift ween 4,000 
and 5,000 officers and men attended these schools during M»e first iJ years 
vl their activity. 

Educational Program for All Personnel 

All of these programs were concerned with personnel engaged in full- or 
part-time insect and rodent control work. The basic educational program, 
to be described, aimed to impress every man with the importance of malaria 
and with bow he might protect himself from mosquitobume disease. Few 
troops had bad any education in malaria before arrival in the area. The 
need for this educational work was so apparent that programs were initiated 
almost simultaneously «n several staging bases including the Fiji Inlands, 
New Zealand, and New Caledonia. The value of these early uncoordinated 
effort« was immediately evident. At the same time, there was apparent need 
for a uniform area training and education program, for approve*' training 
manuals, and 'or a publicity program employing the radio and othet educa- 
tional aids. A theater directive was first isstw-1 in iiiid-1943 and wan revised 
by ComSoPae Serial 02168, 19 October 1944.   An »tract follows: 

Tralalag Program ia Malaria Coatrol 

1. UoM CaauBaadan win allot la the tralalac ■rkmtalca —a> li nt flaw for the proper 
1—tiaitlna of »heir troops ia the prtaripka of ajahu-ta preeatloa. 
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'2. Lecture« will lie glveu l<> »mali ^n>ii|>» of me» by their rcsini-ilve iiic<li<-iil officer». 
These lectures will cover lli«> following: 

a. Military iiul>ortuiice i>f Mnlnrln. 
b. Nature of Malaria. How Tntimiiillltil mid Kffect*. 
c. Indlviilual l'r»te<-tire Meu.iiire», Condition» ill Which Kach is A|i|illcuble, KR|ie- 

clitlly in Combat. 
Repellent». 
I'se of Ordinary Clothe» fur Protection. 
Spray-killing of Adult Mosqultoe». 
Bed Nets. 
Atabrine SuppresHlve Tberii|iy. 
Avoidance of Unnecessary Kx|po»nre. 

d. Control of MoM|iilto Hreeilluic. 
e. Man-iumle Malaria—How t» Avoid It. 

H. All lierwiniM'l will lie given initial iiiMtrnction in ;>reveiifioii of malaria by lecture« 
anil nioMon picture« as IMMIII a* lM-ncticuble. Muliaeiineiitly. u review of the »object will 
lie carried out at least once a month. 

4. Additional Instruction will be given to officer» »I'd iioii-coiunil»»i<>iic<l officer», or 
petty officer», covering especially the »election of caiii|mlte». the haxard of native» a» a 
source of malaria, and the enforcement of precaution» under varying field conditions. Kin- 
phaxi» will he put oo the re»p»n»ibiltly of officer» ami non-coiniiii»»ioned officer» for good 
"Malaria Irixclpline" ami It» iniiMirtance to military »ucce»». Arrangement» may he 
made to have members of Bane Malaria Control lull» H»»i»t in Ibi» |H-<«r»iu 

.">. To aid in this |««mui iienuanently based Malaria t'onlrol lull» tor Maud 
Surgeon») will Issue the following malaria training iiwunal»: 

All Medical Officer»:    MTM No. 1.    Prevention of Malaria In Military and Naval 
Force». HI'A. 

All (HB.Tr.: MTM No. 3.    Military Malaria Control. In the Kleid. 
Knliated Mea: MTM Xo. 3.    Malaria, MoHoiiltoe». and Men. 

Morten, additional literature, |«»ter», and other material will ulm> la- juade available 
by Malaria Ciamml I'nlts. 

tt. Kvery unit will periodically rmnlim Held exercise» in the practical aiiplicathm of 
antlmalarlal awasures.   On maneuver», these measures will be »tandard prwredures. 

Arraiijrenieiitsi were made for brief radio announcements on each base etvrv 
evening which reminded listeners to roll down »leeve*, to use repellent, and to 
take other precautions. The radio star ions were known as the Mosquito Net- 
work, and (Hi Guadalcanal a program of recorded music known as the Atabrine 
Cocktail Hour began each evening with a plug for malaria or dengue control. 

Parasitological Survey Activities 

The parasitology sections of tin? malaria survey units pa»i<-ipated in the 
educational and inspection activities »f tlte malaria control groups. In addi- 
tion, they were charged with tlie responsibility of seeing that all blood 
smears were read correctly. l*|ton request, they trained technicians for the 
hospitals, sickbays, ami other installations where blood smears were examined. 
They also made |>eriodic checks on tlte accuracy of tlie diagnoses mad« by these 
installations. They provided a microscopic diagnostic service for dis|*?nsaries, 
sickbays and other installations which were unable to examine slide* them- 
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selves. In 1!>4S alone, over 75,0iK> slides were read on (iiiiuliilcuiial. The 
purasitology sections carried out surveys of malaria and liluiiisi.'. unions 
natives and others. The parasitologists also collected and compiled statistical 
data on malaria incidence in the troops. 

Entomologie Survey Activities 

The personnel and organism! ional structure utilized for entomologic survey 
activities in the South Pacitic Area were discussed previously (chart 25). In 
actual practice, this organization was an exceedingly flexible one, adapt aide 
to jieculiar circumstances and problems as the need arose, and Army malaria 
survey detachments were seldom used as distinct and independent units. Re- 
sponsibility for survey work was assigned on an area basis, with an ento- 
mologist, either Army or Xavy, in charge, and personnel from eitlier or both 
of tlie services detailed as needed or available. An area entomologist was on 
the staff of the area malariologist to provide overall coordination of the work. 
Island entomologists were designated to coordinate the survey work mi the 
larger bases; namely, Itougainville, Espfritu Santo, and Guadalcanal. 

In general, within a designated area, the entomologist and his crew were 
responsible for surveys to determine the incidence, distribution, ami biology 
of arthropods of medical importance; for recommendations as to the areas 
requiring control operations, their proper treatment, and relative importance; 
for routine inspection surveys to evaluate the effectiveness of control opera- 
tions; and for maintenance of appropriate records of insect populations and 
their fluctuations in response to control activities or other factors. Special 
investigr.tional projects were undertaken as time permitted or the need arose. 

1 he duties of the area entomologist were to advise the ami malariologist 
concerning the broad aspects of the entomologic work, to aid in the procure- 
ment of entomologic supplies, and to assist base entomologists in the establish- 
ment of survey procedures. A similar relationship existed between the island 
entomologists r .<d the malariologists of the respective bases. In no instance 
were these command positions, and the personnel assigned to them acted merely 
as technical advisers and coordinators. The value of this type of coordination 
was recognised, particularly since it facilitated the dissemination of ideas 
and information of value to the general program. The area entomologist 
prepared and distributed a monthly newsletter which included pertinent ento- 
moktgic and engineering data. Monthly meetings of the entomologists on 
Guadalcanal were held, and these were occasionally attended by entomologists 
from Tnlagi. These meetings wen conducted in the best entomologic tradi- 
tions and greatly facilitated the problem of coordinating survey work on the 
base. 

Field survey work within an assigned area was usually conducted by from 
7 to 10 enlisted technicians in addition to the oeVer in charge.  The senior non- 
eummiesioned öftrer was in direct charge of both field and laboratory work, 

«Mtir—«r. si 



456 COMMUNICABLE D18KA8E8 

2 «i .*"> men vere usually detailed to iiisectary mid laboruiory activities, mid 
the remainder tu field surveys. Area assignments varied in size, deluding 
upon the complexity of the problems encountered and the terrain involved. 
Tliey usually consisted of from 10 to 45 square miles of territory*. The ento- 
mologist and the senior noncommissioned officer were necessarily familiar with 
the entire territory in a general way, and Held scouts were expected to become 
acquainted with their assigned sulmreas in a detailed fashion. 

In actual practice, no sharp distinction could be made between initial ex- 
ploratory surveys and routine inspection surveys, since the one gradually 
evolved into the other. Under ideal conditions, initial surveys of a territory 
followed critical inspection of maps and aerial photographs of the area. Un- 
fortunately, during the early phases of the South Pacific campaign, this was 
seldom possible. The lack of adequate maps for malaria control activities 
reflected the situation from the tactical standpoint. There were no good maps 
of Guadalcanal before the invasion, nor was that deficiency corrected through- 
out the combat period. Initial surveys were often sketchy and incomplete, 
either because of combat conditions, inadequate personnel, or other factors. 
The objective of the initial surveys was to determine as quickly as possible the 
location, extent, and description of actual or potential mosquito-breeding 
places; the records of current adult and larval populations; and the locations 
of native villages or other possible reservoirs of tropical diseases. As survey 
work progressed, the accumulated information was used to draw up detailed 
recommendations for a control program. As the control program developed, 
the survey activities became progressively more routine, but field survey per- 
sonnel were at all times enjoined to report on the necessity for new projects to 
correct potentially dangerooa situations, as well as the need for maintenance 
work of any kind. Because of the ever-changing situations on most bases, 
initial survey activities were never really terminated. 

Boutin« survey activities were primarily aimed at improving the mrvickial 
program. Various attempts were made to evaluate the control program 
through sampling the adult mosquito population, but these were not generally 
successful. As indicated previt' täky in the discussion of thehabita of A. fmrmmti, 
all attempts to estimate the population of this species through counts of adults 
in daytime resting places failed, or were of very liaaited practical value. The 
routine operation of mosquito tight trap* seldom produced AnepAete* in auaV 
cient numbers to be of significance and in area« of relatively low populations 
seldom produced any specimens. Night catches of mosquitoes were fairly re- 
liable as a measure of the population but were time consuming if properly 
carried out. For then reasons, sampling of the larval population was usually 
the method of evaluating the control program. In addition to supplying a 
more sensitive measure of population fluctuation, larval sampling permitted 
immediate application of control measures. 

It was rec >gnised early in the work in the Sooth Pacific that close coordina- 
tion of survey and control activities was necessary to attain the highest degree 
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of efiicieney in the approach to malaria and epidemic disease control. This 
was part icularly true with respect to the larvicidal program. In order to facili- 
tate coverage of all available water surfaces, survey crews routinely maintained 
maps showing the location of water catchments and the results of larval popu- 
lation sampling. Since primary emphasis was placed on malaria control, the 
location of .1. farauti breeding foci was indicated on the map in red, the density 
of the imputation being shown in terms of a fraction, the number of larvae over 
the number of dips taken. Thus 150/60 meant that a total of 150 larvae was 
taken in 60 dips. Populations of culicine larvae were similarly recorded in blue. 
These data were recorded daily on large-scale wall maps covered with a trans- 
parent overlay. 

At the end of each checking period, usually 1 week, the data were trans- 
ferred to record-size maps, and the overlay was cleaned off before the results of 
the next survey were added. Control crews consulted the map daily and guided 
their efforts accordingly. This system permitted personnel concerned to note 
at a glance the situation throughout the area and enabled the entomologist and 
engineer to follow, week by week, the progress being made in the elimination of 
"hcl spots." These data gave an accurate picture of the potential malarious- 
ness of an area long before that information could be derived from reports of 
incidence of the disease. 

Antimoaquito Operations 

The story of mosquito control operations in the South Pacific is a story of 
improvisation and salesmanship. Under the stress of wartime conditions, it 
was necessary to work under the handicap of critical shortages of personnel and 
equipment Much of the equipment available during the early phases of the 
work was il' adapted to the job and had to be discarded or constantly repaired. 
Attempts to '»utain heavy eerthmoving equipment always met with competition 
from high priority projects such as airfield and road construction. Control 
work other than hand larriciding was delayed for many months after occupa- 
tion on all ol the bases occupied during the first 1% years of the campaign. 
Larriciding -WUM not started on Efate and Guadalcanal until a malaria epidemic 

DDT, with its immense kdnrsaving potentialHies, did not become available 
for general use until after the middle of 1M4. hy which time the major task of 
malaria control—that on Guadalcanal—had already been accomplished. The 
urgency of the situation in late 1942 and early IMS made it necessary to under- 
take tue work with all possible speed. A studied and strictly scientific approach 
was not possible. Although primary emphasis was placed on malaria control 
from the outset, it was not known how many vectors of this disease were pres- 
ent, or wliat other mosquitoborne diseases might be encountered. It was felt 
the' quick control of mosquitoes in general would ultimately be the cheapest 
control of malaria and other epidemic diseases transmitted by mosquitoes. 
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Antilarval activities 

Larviciding.—The initial approach to mosquito control was largely 
through ellmimit ion of the immature stages of development. In part, at least, 
thi« decision wasdictated by the limited iiiuterials at hand, mostly diesel oil ami 
a snail numlier of hand-operated sprayers. Only limited drainage could In* 
accomplished with the few troops assigned to malaria control activities, ami 
line and service organizations were slow to coo|>erate in reducing the extensive 
water surfaces unless compelled to do so for personal comfort. Many months 
were to puss lie fore an adequate numlier of vehicles and |K»wer sprayers was 
availaMe, and airplanes were not used until after I>DT liecame available late 
in 1944. 

Of the several makes of hand-o|ierated sprayers that were ultimately 
used, the 3-gallon chemical warfare sprayer, 111, was generally the most satis- 
factory. When modified with a suitable nozzle and oil-resistant hose and 
gasket, it made a fairly light and serviceable item. It had tin- added advantage 
of having interchangeable parts, n feature that did not apply to some other 
ty|ies of »prayers furnished as equipment to Army malaria control units. 
Until power sprayers became available, most larviciding was done with this 
item, carried by men on foot. In order to improve t lie efficiency of the operation, 
it was the general practice to distribute drums of oil to the Held by truck, 
spotting (Item at strategic places so that walking could be cut to a minimum. 

Once power sprayers became available, they were mounted on jeeps or 
weapons carriers and used to |Mttro| the miles of water-tilled roadside ditches 
am) ruts that existed on nearly every base. Complete coverage of all static 
water surfaces was attempted each week on most bases, although this frequently 
could not be accomplished until the program was well underway. Eventually, 
it became the general practice for organisations to larvicide within their own 
cantonment areas, while the base malaria control organization assumed re- 
sponsibility for all other larrkidul work. Larviciding crews wen usually 
assigned definite areas of responsibility and were expected to become familiar 
with all details of the area that required attention. Crews usually contained 
ft to 1ft men each, depending upon the extent of the area to be covered. A 
aoncommissioned oUcer was in charge of each cre-r. The members of the crew 
might Tork singly, in pair«, or aa a group, again depending upon the problem 
athaafL Under conditions of normal rainfall, the crew was expected to be able 
to cover its assigned territory once in 4 or 5 days. This schedule left a safety 
factor of 2 or S days for repair of equipment, rainy days, and recreation. 

Larviciding was not customarily carried out during periods of excessive 
rainfall betause of the quick runoff of water and larvicide. On some bases, 
ü waa found expedient to organise "shock" oiling crews, usually of two or three 
men, whose duty it was to cover breeding areas missed by the regular crews. 
Wl on urtoiled breeding areas containing either fourth stage larvae or pupae 
of An»pkeU» wen reported, it was customary for the shock crew to cover the 
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8rea on the same «V'.y, regardless of the time of day at which (he report was 
received. To expedite this work, survey crews resorted to tlie use of "Hup"' 
in the field to mark the breeding site, or, if iiecessnry, a survey man would 
accompany the oiling crew into the field to point out the site. Although this 
system occasionally caused some hardship through disrupt ion of planned after- 
liour activities, it served to emphasize the iin|M>rtance of thorough coverage. 
The comments of the shock crew culled upon to take cure of such special 
assignments were usunlly sufficient to improve the work of the regular crew. 

The routine use of DDT, when it became available, resulted in a great 
econo'w of both labor and diesel oil. Usually, the spray schedule was not 
alte- I. Some lurricidnl crews were equipped with 2-quart continuous-spray 
disp isers, and it was found that where scattered small pools were involved 
this iteiti of equipment would hold enough solution to hist a man for one-half 
day of work. Crews that continued to use knapsack-ty|ie sprayers adjusted 
the nozzles to the finest spray and could work all day without refilling. 
Spray crews were taught to apply only a minimal amount of the solution and 
to take advantage of wind drift in applying the larvicide to extensive water 
surfaces. 

Dusting for the control of mosquito larvae was little practiced in tlie 
South Pacific Area. Before the use of DDT, some attempts were made to 
use parih green for tlie control of Anopheles, with varying success. This 
araeniral was used as a temporary control measure along grassy stream 
margin* and around the edges of swamps until cleaning could be accomplished. 
Condemned flour was the most commonly used diluent but was unsatisfactory 
because in tlie humid climate bacteria and mold contamination tended to make 
it lumpy. Lime,, pyrophyelite, and talc were not available for use as diluents. 
DDT dust, 10 percent, gave excellent control but was little used because of lack 
of suitable dusting equipment. Survey men often carried a 2-ounce can of 
DDT dust for treatment of rain barrels and small road-rut areas. 

Airplane* w*ra first used in the South Pacific for the dispersal of 
insecticide* in May 1M4. This type of work was initiated on an experimental 
bask by members of NAMRU (Naval Medical Research Unit) No. S with 
the cooperation of base malaria control personnel. The Hmman-Longcoy 
spray apparatus was installed on a Piper Cub plane. It was first used for 
evaluating the effectiveness of aerial spraying in heavy jungle areas of the 
tropics, the equipment having already been thoroughly tested for performance 
at the laboratory of the U.S. Department of Agriculture, Orlando, Fla. The 
success of the first tests, and the increasing availability of DDT, made it 
*p,-arent tluit this method of application of insecticides would greatly increase 
the eScieucy of the ent ire program and would, in addition, obviate the necessity 
of ntwny extensive drainage projects then under consideration." It offered, 
for il.e first time, a practical method of controlling mosquitoes in areas that 

" ».-r-n. Cap«. Bran a hw, SaC. to O«WT la Caar*.   Malaria aa4 KaMraUc Caatral, «•»!• 
radar Am, IS Jaa* 1*44. aaajtrt: AlraUa* Sambia«. 
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could not l«e entered lieciiuse of the presence of iinclniileil liiiiriiiiiiics or oilier 
explosives. Steps were immediately tnken to utilize »eriid dispersal of DDT 
solutions und to explore tlie practicability of other tyi>es of airplanes for this 
work. 

Several types of equipment for use on airplanes were developed in the 
South Pacific Area,1" some of which were thought to be superior to the Ilimman- 
Longcoy spray apparatus because they could be readily constructed from 
material available at most airbuses. Exhaustive tests, involving swath width, 
optimum flight sjieeds, droplet size, and biologic evaluations were conducted 
with various airplanes and items of spray equipment. No large nmltiengine 
airplanes were used routinely in the South Pacific since the terrain and the 
problems existing at that time were thought not to justify use of large aircraft 
Aircraft used on both a routine and experimental basis included 05- and 85-hp. 
Pi|»er Cubs and TBF and TBM planes. Tests were also conducted with F-4U 
airplanes, but the limited carrying capacity and high speed of this plane made 
it impractical for use in rear areas. 

In order to increase the efficiency of aerial spray operations, and to take 
full advantage of the short period during the day when atmospheric condi- 
tions were suitable for spraying, a special ground crew was developed to load 
and service aircraft. This unit consisted of two or three men with a %-ton 
truck and tank trailer. Accessory equipment included noch items as a motor- 
driven fuel pump, a hand-operated fuel pump, water-stop filter, fin extin- 
guishers, sundry tools and replacement parts, DDT solution, and gasoline for 
the airplane. Thus equipped, the unit could move to the airfield nearest the 
site of operations for die day and service two Cub-type planes fur one-half day 
of operations. 

The effectiveness of aerial dispersal of larvkides in the control of mos- 
cmitoM exceeded the fondest hopes of the personnel in the South Pacific Area. 
Even in ureas covered by a dense jungle, the fine spray penetrated to small 
ground pools, and the results were conclusive. In retrospect, it appears that 
the use of DDT and airplanes could have prevented the düwstrous epidemics 
of malaria that delayed and threatened the success of the early phases of the 
South Pacific campaign. 

During the latter part of 1844, the increasing use of DDT soluti JU in 
dienel oil for both aerial and ground dispersal brought out a new operational 
problem. Hand mixing of this material was slow ami tedious, and wham the 
consumption on larger bases rose to several hundred gallons daily it was neces- 
sary to devise some means of mechanical mixing. The most practi"*! of the 
methods devised for turning out large quantities of solution involved conver- 
sion of a 4410-gallon capacity orchard sprayer to a mixing rat.   A satisfactory 

» «1» fart U. S. B. Falliatir. rSNK. rVkraary IMS, aatfrrt: Amh-rti af Jl (reran Sarajrla« 
far iMttH Vm hi Malaria Caatral.    (1) Braart. 14. CM*. M. I   HirNMt, CSNft. 
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solution could lie obtained in a short time by means of mechanical agitation, 
and this means was used to supply DDT mixtures to all base control units and 
sanitary companies on Guadalcanal. The solution was returned to the empty 
diesel oil drums, which were used to trans|x>rt the material from the central 
mixing station to substations, By continued re-use of the same drums, a'iv 
residues of precipitated or undissolved DDT were not wasted but were retained 
in subsequent lots of the solution. An improved method for the preparation 
of DDT-diesel oil solution on a large wale was subsequently developed and is 
described in the section on Okinawa. 

Filling.—If DDT had lieen available from the lieginning of malaria con- 
trol activities in the South Pacific, it is |x>ssil>le that much less work aimed 
at reducing the existing water surfaces would have been required. However, 
although diesel oil was an effective insecticide when properly distributed, its 
spreading qualities on water were not sufficient to give good control in pools 
and swamps containing abundant vegetation or debris. Under such circum- 
stances, it became imperative to bring the total water surfaces requiring larvi- 
cidal treatment within the capacity of the crews available. Accordingly, a 
systematic attempt was made to eliminate all |xwsible surface water. Among 
the Ant of the projects of this type was the filling of shell and bomb craters, 
abandoned bomb shelters, pits along roads, and foxholes. When bulldoaers 
were available, they were used for the larger water catchments. Smaller 
catchments, such as foxholes, usually in somewhat inaccessible places, were best 
sought out and filled by crews of Melanesia!». Since Melanesians customarily 
wore no footwear, one important modification had to be made m equipment to 
assure its proper use. Shovels were provided with a broad plate on the Made 
next to the handle so that foot pressure could be applied. 

One of the most important of all filling operations was the elimination 
of road rats by the use of a disk harrow. Especially on Guadalcanal, where 
innumerable miles of ruts were cut through the extensive grasslands, this was 
a moat important contribution to malaria control. Once disked and closed 
to vehicular tramc, the« areas ware quickly revegetated and gave no further 

• clearing of undergrowth during the 
i of eatahliohing bivouac areas automatically reduced the existing mos- 

> population to a considerable extent through the elimination of htroorage. 
' > this «as an important contribution to mosquito control, it was not 

suaarieatly important to warrant clearing outside the cantonment 
Tb« major portion of the clearing that was done for mosquito control 

I of cutting away the marginal growth along streams to expedite the 
passage of oiling crews and of removing emergent aquatic vegetation and 
debris from swamps and slow streams. Cleaning of streams hastened the 
runoff of water and greatly improved the drainage of an area. Since slow, 
sluggish streams and swamps were important sources of anopheline breeding 

periods of little rainfall, reduction of the mosquito population in 
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such places delayed the spread of breeding to tem|M>rury surface pools that 
developed following henry ruins. 

The job of stream cleaning and clearing of undorbritsh was accomplished 
by native lahorers whenever they were available. Troops wert- very reluc- 
tant to do this ty{M> of work liecause it was dirty, tiresome, :ind frequently 
resulted in fungus infection of the skin. Moreover, Melimoiuns were inlin- 
itely more skilled in the use of machetes, the preferred tool fur this tv|H* 
of work, and could accomplish n great deal more than » similar iimnbcr of 
troops working under the same conditions; moreover, I he cost was relnt i vely low. 

Stream cleaning in the Solomon Islands was not entirely a dull routine. 
Many of the sluggish streams were inhabited by crocodiles, some of which 
readied a length of 10 or lä feet. When one of tliese ill-tempered reptiles 
was encountered by a native crew, n scene of wild confusion ensued, which 
might be compared with the s|iectacle of a p*ck of dogs around a raccoon 
at bay. The Melanesians were anxious to kill or capture the quarry but were 
still respectful of the damage that could be inflicted by it. Tlte ••base nearly 
always ended in a feast of crocodile meat. The tail was much prised as 
food, the meat being white and shrimplike in taste wlien properly prepared. 

Drainage*—Drainage projects planned and carried out by the malaria 
control organisation in the South Pacific were customarily accomplished 
either by hand ditching, dragline ditching, or the use of explosives. By 
July 1044, on all bases combined, there were 157 miles of dragline ditches, 
1143 miles of hand-dug ditches, and 36 miles of ditches made with explosives. 
These figures involve only operations done primarily for the purpose of 
mosquito control. They do not include ditching accomplislied by organisa- 
tions engaged in establishing or improving bivouac areas, ditching in connec- 
tion with new road construction, or shallow ditches cut with a pull grader. 

Draglines, either %- or "4-yard capacity, were used primarily on major 
drainage projects mich as draining swamps, channeling sluggish streams, deep- 
ening existing roadside ditches, or connecting oxbows with stream channels. 
In swampy areas, the use of mats was necessary, especially during the rainy 
season. Ditching machines were of little value and wen little used. When 
sneh equipment was need, it was necessary to follow up with a hand crew 
to cat the ditch sides hack to a 4&-degree angle to prevent cave-ins ami 
ditch blockage,   underground title or tile inverts were not used. 

Many of the roads constructed during the early phases of the campaign 
were completely unsatisfactory from a drainage standpoint. This was also 
true of some airfields, although Kali Field end Kali bomber strip, constructed 
in the flat alluvial plain on Guadalcanal, were notable exceptions. The most 
common fault in road construction was failure to cut ditches to grade and 
failure to install suaVient or properly placed culverts and connecting drain- 
age with stream courses. For example, the main highway on Guadalcanal, 
between the little Tenant and Nalimbiu Rivers, was so constructed that during 
the rainy season of 1M3-44 it blocked the drainage of approximately 900 
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acres of grassland to the south which was Hooded with water to a depth of 
several inches. In order to eliminate this hazard, it was necessary to cut 
several miles of shallow ditches with a pull grader and to connect the entire 
network of ditches into a main ditch lending to the Xalimhiu River. 

Hand ditching was customarily limited to the construction of shallow 
•litcites. Most medical sanitary companies had ditching platoons organized 
to carry out such projects. Melanesians were not skilled at ditch digging 
and were little used for this purpose. Feeder ditches from bivouac areas 
were ordinarily dug by details from the organization concerned. 

In very swampy areas, explosives proved the most practical method of 
ditching. Some work was accomplished with dynamite, hut this item was 
difficult to obtain and, being inferior to bangalore torpedoes for use in swumps, 
was not widely used. Bangalore torpedoes, metal pipes packed with high 
explosive, condemned for combat use and hence readily available to malaria 
control organisations on some bases, proved ideal for use in soft, mucky soil. 
By laying these bangalores in a series and pressing tliem slightly into muck 
or soft mud, several yards of ditch could lie dug with one explosion. Banga- 
lores had the added advantage in that upon fragmentation the hundreds of 
pieces of sharp steel cat away the undergrowth and small roots, leaving a 
well-trimmed ditch. If greater depth was desired, a second series of banga- 
lore*, laid in the first ditch, would complete the job. In the same way, small 
shallow streams could he rapidly cleared of muck and debris. 

On those islands having a thin topsoil and coral sulist rut um, vertical drain- 
age could be accomplished with relatively little effort. On Green Island, for 
example, vertical drainage of small catchments required only a few holes 
punched through the soil into the porous coral beneath. A single blow wit t» nn 
iron rod would often sink the rod to a depth of several feet. Limestone sink- 
holes were present on some of the islands, and although they often silted in 
and became closed they could usually be opened with a single charge of dyna- 
mite. On Munda, Ondongo, and Bougainville, large bomb craters in some 
instances gave excellent vertical drainage. 

flsjafctaaV— Flushing dams were constructed in suitable streams in u few 
instances, and where accompanied by stream cleaning they were very effective 
in coBtrolling monfuho breeding of all kinds. Without stream cleaning, they 
were »affective. In all, a total of nine dams were constructed, seven on Guadal- 
canal and two on Efate. In Tiew of the difficulty of construction, and lack of 
suitable materials, it is doubtful if wide use of flashing dams under most 
condit ions of military occupation is justified. 

Natural c—tioL Gantbmim, the surface feeding fish often use»! in trop- 
ical areas for the control of anopheJine mosquitoes, was used on several bases 
in the South Pacific Stocks were placed in swamps and permanent ponds on 
EapfrRu Santo and Munda, and in wells and cisterns of Efate. They had been 
stocked on the Bussell Islands many years previously. Their chief value was in 
inducing breeding in marginal areas not readily accessible for larvkiding. 
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They were of little or no value in the presence of vereint ion. Kxtvpt for use 
in wells and cisterns, they were not routinely stocke«) within the established con- 
trol areas. Even after establishment, constant maintenance and restocking 
was necessary. 

Flames.—Coastal lagoons on lii Mgninville, (liven, Kniiruii, and Gimilnl- 
canal Islands constituted one of the most difficult control problems encountered. 
There were more *\un GO lagoons along the coast within the occupied area on 
Guadalcanal. These served as permanent breeding foci for .1. fm-miti during 
the dry season, and even though breeding in other areas was minimal at that time 
the populations developing in the lagoons served to repopiilate adjacent areas 
whenever surface water became available. Control of breeding in lagoons was 
therefore given high priority in the control program. 

These coastal lagoons ordinarily remained closed for long periods of time, 
although they were occasionally opened by Hash floods during periods of heavy 
rainfall. Water within the lagoons rose to a level of 3 or 4 feet almve sea level 
and provide«! ideal breeding sites for malaria mosquitoes. Cutting ditches 
through the enclosing sandbar offered only a temporary solution since wave 
action would quickly close the month of the stream, usually within 24 hours. The 
problem was finally solved by the use of flumes made from a series of oil drums 
with the ends removed and welded together end to end. The lagoon end of the 
flame was set approximately 6 inches below sea level at mean low tide, and 
the flume extended out through tho sandbar until the opposite end was approxi- 
mately 12 inches above the floor of the sea beyond the area of normal surf 
action. The length of the flume depended upon the pitch of the beach. The 
first flumes installed were placed at the narrowest point in the sandbar, but 
experience showed that there was more likelihood of the structure being washed 
oat during storms if placed at this point. Subsequently, it was the general 
practice to place flames well to one side of the narrow point in the sandbar. 

Flume« were heM in place by pilings placed on each side at intervals of 
S feat. Them pilings wet« set with th*> aid of a water jet from a 500-gallon- 
per-mhrate fire pump. An experienced craw of 14 men with dragline, buiklowr, 
and fire prop could set doable flames some 200 feet long in from 4 to 6 days. 
Fhunas were prepared in sections of from lft to SO feet in length at u welding 
shop and transported to the job in sections. Multiple flames wen required in 
some instances for large lagoons, six being the maximum installed at any one 
ifcgoon. When multiple flames aw» sat, they were usually laid in pairs, each 
pair being somewhat removed from the adjacent pair. 

Flames properly installed not only permitted ths water in the lagoon to be 
drained, bat permitted entry of some sea water and at least a slight change in the 
sah content of the water in the lower end of the lagoon. There was also daily 
fluctuation of water level in the lagoon. Under these conditions, the flora of 
these coastal swamps either disappeared, or was considerable altered. Once 
flames were installed, there was usually little necessity for other control 



SOUTH PACIFIC 4ß5 

Agriculture.—Cultivation of extensive areas of former grassland on 
Guadalcanal proved to l>e an effective mosquito control measure. Eventually, 
some 2,500 acres between the little Teimm ami Xaliinhiu Hivers were muler 
cultivation for the purpose of supplying troops with fresh vegetables. Much 
of this grassland area had at one time been Imdly rutted l>y vehicular trathV, and 
although this situation was largely corrected by the time the farm was estab- 
lished the cultivation of the area assured freedom from mosquito breeding. 
Even during periods of heavy rainfall, the surface water in the cultivated areas 
did not persist long enough to permit breeding. 

Antiadult activities 
Space spraying.—During the early phases of the South Pacific campaign, 

the only apace »prays available were the petroleum base sprays dispensed with 
old-fashioned "Hit guns." These were more often used against flies thin 
mosquitoes. They were relatively effective in screened messhalls and simitar 
places but were totally ineffective in open quarters. Pyrethrum Aeroml dis- 
pensers, the well-known "mosquito bombs," became available in limited supply 
in forward areas, during the first half of 1943, and were first used during a 
combat operation in July 1943 in the New Georgia campaign. By the time 
of the landing on Bougainville in November 1943, an adequate supply of Aero- 
sol bombs was available and they were widely used. As new supplies arrived, 
there was a gradual replacement of pyrethrum Aerosols with bombs containing 
a small percentage of DDT. Five-pound refutable dispensers were used to 
some extent in mesahalls, recreation areas, theaters, and similar places where 
large amounts of spray were needed. 

Aerosols were little used in combat areas but were extremely valuable in 
rear areas. Proper use of an Aerosol bomb in shelters occupied during night 
air raids would give protection to a number of men, and their use in this 
manner was encouraged. In unscreened quarters and open foxholes, tiie effect 
was extremely transitory, especially during periods of even slight air move- 
ment. For killing mosquitoes in screened quarters or in mosquito bed nets, 
Aerosol bombs were unexcelled. Aerosol preparations wen also widely used 
to spray hats occupied by native laborers, in order to kill any malaria infected 
mosquitoes that lingered following a nocturnal blood meal. A daily .schedule 
was established for this work, with a native dim— trained to do the spraying. 

Thermal Aerosols were used on a few bases in the Sooth Pacific, largely 
on an experimental basis.** Although they were of value under certain cir- 
cumstances in reducing existing adult mosquito populations, their general use 
was not possible because of limited road nets. Nighttime operation was roost 
effective, since the atmospheric conditions prevailing at that time usually held 
the Aerosol fog close to the ground.   Daytime applications along the beach 

»B>mri(. F.. (Ml WltoM. I. Ik: TmM*»t *t Satire VUM*» With tk» toml Confute*.   1. 
Kmo. Rat. «•: IIS II«. »Mt. 
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area, for reduction of sand fly |M>pulatioiis, weit' successful in .some instances 
hut the effect could se'-'om be note«! for more I linn '2 or '-\ da\s. 

Residual spray applications of '»-percent DDT in kerosene were l»y far 
the most effective insecticide applications for reduction of adu'i uiosouito 
populations in the South Pacific. Eventually, nearly all building mil en«-lotted 
teats were so treated. Most of the work was done with u power-driven paint 
sprayer o|>eniiing at low pressure; the solution was applied to smvns with a 
paintbrush. Other tyjK's of spray equipment were also used for treatment 
of the interior of structures. Regardless of the equipment used, the recom- 
mended rate of application was 1 quart |ier 250 souare feet of surface. The 
general "'rule of thumb" was to spray wooden surfaces until wet, but just short 
of runoff. This treatment was not only effective 'tgainsi mosquitoes and Hies 
but was remarkably effective in eliminating ants from quarters where they had 
been extremely annoying before the use of DDT. 

DDT residual-ty|te spray was also used to impregnate bed nets. This prac- 
tice was begun during the latter part of 1044, and the metlvtds developed at 
that time were later used for treating bed nets and jungle hammocks for tlie 
use of I wodi visions. The sohlt ion was applied with either a [tower-driven paint 
sprayer or the standard chemicil warfare decontamination sprayer such as 
was widely used for larviciding. Application was at the rate of 1 gallon per 
6 to 8 nets. The method of application was to arrange the nets in it pile, spray 
the top net, turn it to start a new pile, and then spray the opposite side. Oper- 
ating in this fashion, 6 men with 4 hand-operated sprayers were tible to spray 
from fiO to 100 nets per hour; a similar crew working with power-opera'ed 
sprayers could treat twice as many in the same period of time. This included 
preparation of tlie nets, spraying, and hanging the nets to dry. 

Nets tested immediately after treatment and after being stored for 1 month 
were lethal to A. farauti and other species of insects used for biologic tests 
of the material. No further information as to the duration of eflectivenesd 
was obtained. 

8cr—tag*—Screening of any kind was practically nonexistent during the 
early phases of the campaign, but by early 1044, it was available in adequate 
amounts in all except forward and combat areas. Table 67 show* tlie relation- 
ship between length of occupation of each base and the percentage of screened 
quarters aa of June 1944. Cloth bobbtnet was preferred to wire for field use 
and for me on installations near the shore where it was exposed to windblown 
aah spray. During the time that the amount of screening was limited, the 
following priorities were established: Hospitals, kitchens, and messhalb: 
showers, particularly for organisations with men on night details; latrines; and 
omces, tents, and all other living quarters. Judicious use of the available serren- 
ing materials undoubtedly contributed greatly to the reduction of malaria, 
as well as to the general comfort. 

Bed nets were probably the most valuable single mechanical barrier against 
mosquitoborne diseases.   There were instances on Guadalcanal and elsewhere 
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TABLE 07.—Kutimiilnl prrmil of quarter* Hcrrrnnl,' South I'nrifir Ami. .1 urn   tit.',', 

KitrhriKntvl            Slwm-i'rs                  TVnt. 
miwhalb« 

ha»' UnttMiriwuiMtion  _     .        __  
Army     Ynvy •     Army     Navy -     Army     -Vivy ■ 

ftretut ftrrtttt Itrniil I'nrrtit frrrrtil IVr.TM. 
Elate  March llW- 100 0.i Ml 1K) UH) 100 
Exp.ritu Santo.     . May 1!M_ 100 100 !H> ••;> !M) '.Ml 
Guadalcanal - August 104. _ !M. <M) .■.'» TO Ml <i0 
TulaRi-Florida  August 1!M_  100 100 100 100 100 '■><» 
Ru-well*  March 1043    . 40 40 :> Ö 10 II) 
Munda   . July 1943_ 100 li«> 10 JO 40 :«) 
Bougainville  November 1U43  100 100 M l.j .. "> 
Green Island ! February 1044      - 100 100 40 _Ji l.j 10 
Eroirau  March 1944  100 US, 75 J.'i M 2 

> Hom-i«-> occupied by Army and Navy were HU iwwnl Mrrnxsl. 
> Smwy 0-t. lBctu Or ir—i ot Marlnm. 

during the Iteiglit of malaria epidemics whet« less tlmii a week of bivouacking 
without bed nets resulted in a high infection rate among tlie tmo|-s concerned. 
A single night of exposure often resulted in considerable malaria in an organi- 
sation. Because of such costly experiences, orders were issued making it the 
responsibility of each officer and man that bed nets should be available on the 
first night ashore except among troops actually in combat. Jungle hammocks 
were issued to many troops, including entire divisions beginning late in 11*43. 
Where proper use of this item was possible, it gave excellent protection. I low- 
ever, the issue of jungle hammocks to all personnel of a combat force was prob- 
ably not justified because these relatively bulky pieces of equipment were 
among the first to be discarded during combat operations. Further, it was 
seldom possible for all the men of a division to find suitable places for suspen- 
sion of the hammocks. Head nets were practically never used for protection 
from mosquitoes, and their routine issue in the South Pacific Are» wits not 
considered j trained. 

aTapallaita Repellent* were potentially one of the more valuable means 
of personal protect ton from mosquitoes and mosquitoborne diseases bat were 
relatively little need for their intended purpose. They were more often used 
for protection fron past mosquitoes rather than An+pkrlc*, and it is doubtful 
if repellents contributed materially to the prevention of malaria. Dimethyl 
phthalate, the most effective repellent for Anaphele* in the southeastern United 
States, was comparatively ineffective against A. fantuti. It was effective 
against chiggers and was used for that purpose on Bougainville where scrub 
typhus threatened to become a serious military disease. Rutgers 912 was 
superior to dimethyl phthalate for protection from A. faranti. The standard- 
ised repellent, «mating of 6 part B dimethyl phthalate, 2 parts Rutgers 612, and 
S part« Iadalona, was not available until IM.. 



468 COJIMIXICAIILK IMSKASKS 

In spite of the ineffectiveness of the repellents against .1. furi.iiti, their 
failure an a means «>f preventing nmlaria must 1*> attributed more to antipathy 
toward their use than the fault of the item itself. Conilmt personnel, often 
claimed th.it the enemy could smell the repellent if the wind was in I he right 
direction. Service troops objected to the general messiness ot the solutions 
and to the fact that dimethyl phthalate is a solvent for plastics. On (iuudal- 
canal, nurses quartered in a beach area where sand Hies were annoying refused 
to use repellents for protect ion hut at the same time used copious quantities of 
an equally messy simian oil. Supplies of repellent were adequate after the 
middle <A 1<>4;I. and a surplus of over 12 million bottles by the end of l'J44 
attes: t,d to the failure to use this item. 

Suppress!ve Medication 

Administration policy and procedure 

Atabrine was the only drug used in large quantities for the suppression 
of malaria in the South Pacific Area. Its value was established slowly and 
with difficulty. At the beginning of the campaign, little was known about 
its absorption, blood concentration, excretion, or toxicity. Throughout 1942 
and 1943, there was disagreement and uncertainty regarding its use und dotage. 
Standard treatises upon malaria warned that Atabrine had a small margin of 
safety and that indi viduals receiving the drug should be under close observation. 

Administration of the drug was frequently begun on shipboard as troop« 
approached malarious islands, and seasickness, diarrhea, and emotional states 
were sometimes attributed to this drug. The yellow discoloration which it gave 
to the skin, although harmless, gave rise to the suspicion that Atabrine was 
injurious to the liver, and this rumor was intensified when epidemics of jaundice 
occurred among troops taking the drug. The rumor that Atabrine caused 
sterility was common and was fostered by the enemy through the broadcasts 
of "Tokyo Rose." The fact that this was effectively disproved by men of units 
seat for rehabilitation to populated areas did little to improve Atabrine dis- 
cipline in forward areas. Added distrust of the drug arose when troops who 
supposedly wen taking the recommended suppreasive dose developed malaria. 
Than * as wide divergence of opinion among the medical officers of the Marinen, 
who assaulted Guadalcanal in August IMS, regarding the v alne and the dangers 
of Atabrine as a suppreasive drug. Some units took quinine, others took 
Atabrine, and many took nothing. There was no method such as was sub- 
sequently developed to supervise the administration of snppressive- therapy. 

The directives from the theater surgeon's ofioe on the rahject of suppreasive 
Atabrine therapy illustrate the growth in knowledge of and confidence in this 
drug as the campaign progressed. Tin first such direct i ve appeared in August 
1944 ami is quoted in part as f ol lows: 
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Malaria Prophylaxis 
It is recommended that malaria |>n>|>liyluiis be given as follows: AUil>rlne is the drug 

of choice. It should be given in (lone» of 0.2 grams twice weekly (U.4 groins |»-r week). 
When It IN used, it 1M to be considered advisable, after 3 months, because of sllsbt cunmlative 
effect of the drug, to substitute quinine for a |>erlod of 1 month. Quinine is given prophy- 
lactic-ally in fame* of 13 trains «billy. This should be continued for one mouth und then 
Atabrine • • » resumed. 

In October 1043, a new directive maintained the suppressive dose of Ata- 
brine at 0.4 gm. per week, but the schedule was changed so that the drug was 
taken in one-half tablet (0.05 gm.) amounts per day on each day of the week 
except Sunday, when one tablet (0.1 gm.) was taken. In January 1044, the 
weekly suppressive dose was increased to 0.6 gm. per week, given in amounts 
of 0.1 gm. each day except Sunday. In November 1H44. the linn I theater direc- 
tive " on this subject increased suppressive doses of Atabrine to 0.7 gm. per 
week, 0.1 gin. to be taken daily. 

Results 

The value of Atabrine as a suppressive drug was gradually established by 
clinical observations made within tlie theater at a time when the studies on ab- 
sorption, blood levels, and excretion were not yet available. It became- appar- 
ent that a few heavily seeded units which had good Atabrine discipline were 
suppressing a large share of their malaria as long as they continued to take the 
drag. Thus, the 6th Marines reported less than 250 cases of malaria while on 
suppressive medication during January and February 1943 on Guadalcanal, as 
compared with over 2,500 cases in May and June after they had moved to 
New Zealand and had discontinued the drug. This organisation of approxi- 
mately 4,000 men was on Guadalcanal during the height of the malaria epi- 
demic, was in severe combat, and had fewer eases of malaria than any other 
organization of equivalent sis» exposed in this area at the same time. Every 
man in this organisation was given Atabrine under supervision and with the 
use of a checklist roster. Loading doses of the drug were given bef ore arrival 
on Guadalcanal and 0.<S gm. per week while there. This dosage was given at a 
tine when the theater directive called for 0.4 gm. per week. The regimental 
sorgeon reported no evidence of toxirity due to the drug. 

The 147th Infantry Begiment took suppressive medication in dosage of 
0.4 gm. with poor to fair supervision fro» December IMS through April 194* 
on Guadalcanal and had a malaria rate during these S months which ranged 
around 1,000 per 1,000 per annum. This rate promptly roes after discontinua- 
tion of Atabrine in rjonsmlarious Samoa to an average of over 3,000 per 1,000 
per annum for 5 months with peaks as high as 14,000 per 1,000 per annum in 
■elect««! groans. Atabrine was then resumed with excellent supervision, and 
the rate dropped abruptly to well under 100 per 1,000 per annum. 

■ Uttmnmtum 1«. HanM—rf». Scuta FasMs »a— Cs—at, I Iff. Ittt, safcjsct; 
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Toxkity.—Temporary and minor gastrointestinal symptoms were not un- 
common when Atabrine was first taken. Information regarding this |>ossi- 
bility was publicized in directives and in educational material. It was re<N>m- 
mended that medication for such individuals lie continued in lower dosages for 
a brief period and that the fidl dosage be resumed as soon ns possible. Less 
than 1 person in 1,000 developed toxic symptoms from the prescrilied dosajjes. 
A few cases of skin lesions which simulated lichen plamis pigmentation of the 
palate and subungtial tissuesr* in those who took suppressive Atuhrine for long 
periods was noted. Severe toxic manifestations including exfoliutive derma- 
titis, hepatitis, and nervous symptoms such as confusion states were quite rare 
among those who took only the prescrilied dose of 0.7 gm. weekly. 

Research, education, and discipline 

The careful studies and blood Atabrine determinations of Schaffer and 
Lewis " showed that the development of clinical malaria in troops who were 
supposedly taking Atabrine in suppressive doses was associated almost in- 
variably with «* jtremely low blood levels. Tliese workers came to the opinion 
that a low Atabrine blood level was almost always due to laxity in taking the 
prescrilied medication. They were able to confirm this by careful supervision 
of Atabrine administration with resultant rise in serum concentration and con- 
current decrease in malaria relapse rate. Most important of all, they devel- 
oped a technique which was capable of convincing the most skeptical line officer 
of the fact that a tightening up of Atabrine discipline would quickly reduce 
the malaria rates among his men. 

Administration of Atabrine for suppressive purposes was ordered to be by 
roster for both officers and men. An officer or a noncommissioned officer wai» 
detailed to watch the actual swallowing of the drug by each individual. Pre- 
cautions were taken to see that individuals who were not present were required 
to report and to bike their medication under supervision. As already noted, 
the final directive on suppressive medication ordered a doa»ge of 0.7 gm. weekly 
given as 0.1 gm. daily. An alternative procedure was undertaken by the 25th 
Division during the latter part of 1M4; the drag was given on 3 days a week in 

of 0.4 and 0J! gm. The administrative problem was lessened and mp- 
appeared to be adequate. 

Many nan became adept in circumventing these directives by palming the 
drag or tucking the tablets between teeth and cheek. Administration by roster 
did eliminate mach of this, bat the only adequate solution was an educational 
program to impress each nan with the value of the drag and with its 

-Upaar*. V. W„ mm* Kmwr. 0. L» Jr.: Pl.mMt.tW. at tto Palate «Ml SakMKjaal TMM 
imdiM Wllk Saaaawatoa Qjola-eita* HjrtnckolwMa Thcmap. A». J. 'trap. Mai. 38: *a»-«71, 
Nanaftar 1S4S. 

" ■ aaatar. A. J.. «a« Uwll. B. A: IUMH Slate, la tlw FfeM; I. TW UriaUM af Barm 
AtaarM» Ltval ta BrcaktkruWfe of PnrkMiilir CaatraeM Vlrax Malnrta.   Bau. Jaaa. H i Baa». 
Ti: m-ni. Mar IM«- 
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Discontinuance of Atabrine suppressive therapy 
Atabrine suppressive therapy was discontinued in lightly seeded troops 

throughout the South Pacific Area as control measures became adequate to |>er- 
mit doing so without danger of significantly increasing malaria rates. This 
policy was initiated on Kfate in September 1942 at a time when the malaria rate 
had fallen to 144 per 1,000 per annum from a peak of nearly 2,700 per 1.000 per 
annum during the previous April (table Gl). Malaria rates in these heavily 
seeded troops rose rapidly during October and November, and suppression was 
resumed in all except a few uninfected organizations. This evidence against 
the blanket discontinuation of suppression in heavily seeded troops was 
strengthened during the next few months by such experiences as noted previ- 
ously with the Gth Marines and the 147th Infantry. 

These experiences resulted in the following prerequisites for the discon- 
tinuation of suppressive medication in malarious territory: 

1. Anopheline breeding must he adequately controlled on the occupied 
portion of the island and also in any areas which the particular organization 
might enter for training or other activit ies. 

2. Troops must be unseeded or lightly seeded with malaria. This was 
determined by the history of previous exposure and by a study of the malaria 
rates of each organisation. Those units with a history of a high malaria rate 
were rarely recommended for discontinuation of suppression even if their rates 
fell to low levels under suppressive therapy. Occasionally, medication would be 
discontinued in a small pilot group in order to determine the degree of seeding in 
a large organization. 

3. Troops were not removed from Atabrine suppression therapy while 
ground combat was in progress or was threatened or when they were scheduled 
for early movement to a combat or malarious area. 

The final theater directive on this subject is quoted in pert: 
4. laiaai ewiulm are awthortaaa to «Jacoatfarae Ataerla* seeerejaive twntoaat 

la Mtoetad "UcfcUjr MwdtxT «alts apoa the ewaaM—aatfcai of the Maai MhiWnfkt as 
cootrai ina—r»■ awoaat aaaVhMUjr atVaaee* to permit Mac ■• wtth—t tatrawaai with 
the aüittarr eftait 

0k Ba»iiiirin treat—*■ asay easeeal the actual aawat at lvfertkw w the i 
taeatt. Aaeaieat fMeaaai from awlarta mmj kwi to a tea* same at i 

i la leaaaa to may »in—Ui« awaaawa aaeh aa a—sat» eaateai i 
(inMwm  Thewfcee, the wraaVattoa «t uto aaosaafct anmisst» aari efotattlf» 

t t£ a>aa^a£ ^afe ^g^^Ama^aa^ ajUt. >fe^^kh^_4^^ aaäeaaW 

The medical oftcer of an organisation in which Atabrine was diecontimwd 
was advised to make an exception of thorn men known to have had t>»v«jr malaria 
and to continue them on suppressive medication. 

Field Research 

It is difficult to make any clear distinction between the routine daily opera- 
tions and the in «estigatiomd work that was necessary to initiate a malaria 
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control program in the .SMIIII Pacific lie for« OCCIIIM!ion of the various 
malarious bases, there was little concrete infoniuition about the prolilrin.s to 
be encountered. From the beginning of the work, nnd almost throughout 
the period of occupation, there was need for continuing investigation of prob- 
lems that had a direct bearing on the control program. These were usually 
done piecemeal, either in conjunction with or as adjuncts to the ojierational 
routine that became established. Occasionally, late in the South Pacific cam- 
paign, it was possible to assign personnel or units to investigations! work for 
brief periods of time. On numerous occasions, from early 1!U4 on, it was 
posMihle to engage in research work in coojieration with sjiecial teams sent out 
by XAHKU Xo. 2. 

Before occupation by the Armed Forces, only 30 species of mosquitoes were 
known from the entire Solomon Islands; by the end of the war, 70 species of this 
group were known from Guadalcanal alone. Practically all detailed informa- 
tion about the mosquito fauna of the South Pacific islands was either acquired 
or confirmed by entomologists working on insect-borne diseases during World 
War II. Initially, it was necessary to determine what vector or vectors of 
malaria were present on each base. The fact that A. farmUi proved to be the 
only important species from this standpoint did not lessen the investigational 
work necessary to establish this fact. The bionomics of A. farauti were studied 
in detail." Similar critical studies were made with other species to clarify 
their role in the transmission of fllariasis.** Other field investigations in 
entomology were concerned with the hosts of trombiculid mites, the incidence 
and species involved in human myiasia, and the distribution and biologic fea- 
tures of various species of flies. 

In the field of control operations, investigations were concerned with the 
determination of flight requirements of airplanes for me in aerial distribution 
of insecticides, droplet sin» analysis of airplane dispensed DDT, suitability 
of various types of hand sprayers, minimum lethal dosages of insecticides nadir 
tropical conditions, methods of applying residual type DDT spray to tsntage 
and mosquito bed nets, and use of DDT in area treatment against adult n» 
futoss.** The work accomplished was almost invariably the contribution of 
n number of individuals working together for the benefit of the program aa a 

Parasuologie field research activities consisted almost entirely of surreys 
of malaria and Alariasis in natives and troops. The results of the malaria 
surveys have been given previously. 

■HistJ'. a. H.: TW am—r ■■* Sm aal CjHm * *■■■»*■ l» tmrmmtt mm Baalrtta auk, Xnr 
Aaa. KM. Sac. Aawr. SS: 1-H. IMS 

* (1) ByvS. B. U, aaS St. Aaamt. L. a: Stamm «a niartaate. NmhtMn Na. MuJIk.ll, 
■W Ortilir 1S44. nialaaailir». Malaria aai KataaaUe Caatral Saath Facale Ana. (») 

■mir. B. 1.: las» aa narlaala TraaaaKtra' ay Ammmmelt» aaMcaal* tiawa la a Xatfv* Laaar raaa 
aa flaaialeaaal Knrawtter Xa. St, Jaljr IMA. BaaSaaarattm. Malaria aa* galliailf CMINL Saaoj 

i Ana. 
•Saarial Baaart. U. Jaka D. MaaK tJSXB. aat Mai. rial W. Oawa. MC aalaS ST Sa*. ISM. 

: DM at DDT la Am Ttaata—« Asakwt A*aM I 
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OTHER ACTIVITIES OF THE ANTIMALARIA ORGANIZATION 

The Malaria and Insect Control Organization eventually engaged in a 
wide series of activities which grew out of the technical abilities of it* person- 
nel, especially those of tlie parasitologists, engineer», and entomologists. Most 
of these additional activities were concerned with the control of urtliit>|Hxlh<mH! 
diseases, although there were occasional ramilieations such ns the campaign to 
exterminate rats, not only to destroy rats as hosts of the mite of scrub typhns 
but also because of the rats' economic depredations. The activities to be 
described briefly were usually carried on concurrently with malaria control 
work. Malaria was a year-round problem on the malarious islands of the 
South Pacific. 

Dengue fever reached epidemic proportions on the Fiji Islands, New 
Caledonia, Kfate, Espiritu Santo, and Tulagi-Florida Islands, in 1042-45. 
On Espiritu Santo alone, it caused illness in over 25 percent of the military 
population and resulted in over 80,000 sick days between January and 
June 1043." Malaria tended to obscure the importance of this disease; ac- 
tually, dengue occurred in sharper outbreaks and with a greater temporary 
disability to a military force than any other arthropod borne disease. Alt hough 
the seriousness of malaria transmission was usually obscured by the use of 
suppressive medication, there was no such drug to blunt the immediate effect 
of a severe outbreak of dengue. Local malaria control groups had given 
repeated warnings of the potential hazard of tin can dumps and of other 
breeding places of the dengue-transmitting mosquito, Aedes aegypti. With 
the outbreak of these epidemics, tlte malaria control organization was given 
adequate authority, personnel, and equipment to cope with the problem. As 
a result, there was no «lengue outbreak in 1044 on any base except in New 
Caledonia »here it was held to very small proportions, 

A severe outbreak of filariasis in the Samoan defense area led to the 
medical evacuation of many thousands of troops engaged in garrison and 
training activities. Studie« made daring this epidemic demonstrated that the 
disease syndrome called "■an" by the natives was an early manifestation 
of infection by W. btmerofii. This syndrome was characterised by localised 
swellings, retrograde lymphangitis, rymphadenitis, and genital manifeatations." 

■■Smart, r. U.: mm   Aaalyala •< «*• Cttataal Sr—w— •« • saatk Pa**V MM« lut 
ES IUWT M. Baa. 41: USS-IMS, Jaw MM. 

■ (1> mill». J. «-, Haattaataa, a. W, Jr., aal Bliaill, «.: ruarhuta la Drfaaar Item. Vauaa 
«rr Maarl. nJL Bar* M. BaU. 41: 1S4S-USI. Baal—aw iw. (1) ITaari. B. R, 

W.: Omttal MaaWnhiWiai at Barlj rBsriMto. D.S. Xarr M. Bau. 41: SU-7T4. 
: 1S44. (1) SaaliaMi. T. D, «at Wribnaa. W. B.: niarhuai la SaMawi aa ■■ Maai la rW 

Saath *M«a. AB. J. Mal. Sc MS: HI ia Iharaary 1MI. (41 HaallattM. B. W, Jr_ rvart. 
a. H, Mi* ill. S, IMI Dtataaa, J. O.: PUarkuta »■■■« Aawrtma Traaaa la a Snik PartS* lafeal 
Iwa Tala I. MaL 4 Mat 1«: US-SSI. Kar 1M4. (I> Taiawna. K. J.. ania. H., aaa Sam*. 
M.: Bartr rftuauai n Taaas SaMlari; CBaacal aal Patailnfc AaaljraK. *.A.M.A. in: 1ST4-14T», 
»Mil In Mat. (4) X«te. B. K, »t AaMat, L I, m Bnaaun, L.: StaHra aa ruartaa* kt taa 
•aajam Ana.   VM. Bar* n. Baa. 44 s *-•», Jaaaarj 1*4*. 
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It was discovered that .1. farauti. the chief vector nf malaria in the 
Solomons nml New Hebrides, was also (lie most im|x>rtnnt m-tnr of tilarinsis 
in these islands.2* Ano/tAele* kolicmi» was also found to tie a vector of filari- 
asis on Guadalcanal. Thus, the exercise of limlariii control on those islands 
had fortunately further«! the control of lilariasis. 

The outhreak of tsiitxiiganiiishi disease (mite-borne typhus) on Itoiipiin- 
ville in 1!»44 result«! in making the local malaria control organization rpsjioii- 
sible for preventive measures, including rodent control and the impregnation 
of clothing with dimethyl phthalate. Study of this disease and its control 
was aid«l by the arrival of an advunce group from NAMRIJ No. 2. Over 
75 cases of tsiitsiigamushi disease occurred on Bougainville, l!> of which wein 
reported by Anderson HIH! Wing.*1 

Rodent control was undertaken both to prevent economic loss from rats 
and to prevent spread of epidemic diseases which were harbor«! or trans- 
mitt«! by rats or their ectoparasites. An officer qualified as a inammalogist or 
with civil ex|ierieuce in rodent extermination was appoint«! as rodent control 
officer and attacli«! to the Mularia and Insect Control Group at each large 
base. An ad«|uate number of enlist«! men, equipment, and tning|iortation 
were provided. A manual was prepared, men from each military unit on the 
island were train«! in the technique of rodent extermination, and their work 
was then supervised. Fumigation of ships for rat extermination was done 
no request. 

Part II. Okinawa and Other Island» of the Ryukyus 

GENERAL CONSIDERATIONS 

This report is concerned with tiie history of malaria and other insect- 
home diseases on Okinawa and adjacent islands in the Byukyu Islands Com- 
mand from the initial landings on 1 April 1M5 until late in the fall of that 
year, after the end of the war. 

Malaria was a potential threat which was prevented fro» developing 
during the combat phase and was subsequently held to a minor outbreak i 
natives in military government camps and to a small number of ram i 
adjacent troop units. This was accomplish«! by careful planning and prompt 
initiation of antimoaquito measures. Airplane spraying of ricefteld areas, even 
under combat conditions, was brought to the highest peak of efficiency obtained 
during the war in the Pacific and was carefully coordinated with ground 
control activities. An essential feature was the development of a plant for 
large-scale mixing of DDT with diesel oil. 

» SM tmtm—m M aa* SB. p. 4M. 
■Aaliri ■■ W. L.. tmt Wtac W. at: T—I   ■   ■■ II Damn «Sera» Tyaaaa); a Csatoal ataa> 

•f fWtr-aaM Cam.   War. kM. S: 1SS-1N. BnliaHn leu. 
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It was evident within .10 «lays after tit« initial landings that personnel, 
equipment, and supplies would be inrue than adequate to control malaria. A 
considerable amount of effort was then diverted to control breeding of flies, 
especially during th<» combat phase. It is lielieved that these efforts were a 
factor in the absent« of diarrhea and dysentery which had plagued all previous 
combat operations in tlte tropics and subtropics. It should lie noted, however, 
that tly control would have availed little had it not lieen for the outstanding 
work of the sanitary engineers in providing a safe water supply. 

A localised but sharp outbreak of Japanese H encephalitis occurred among 
native* concurrently with the epidemic of malaria already noted, and !W cases 
of encephalitis developed in troop* bivouacked near these natives. Intense 
antimosquito activities were immediately initiated in the epidemic area, and tlie 
outbreak was rapidly brought under control. 

The antimalnria organization and the control activities were similar to 
those already described (p. 401) with certain notable except ions which are to be 
discussed in detail. 

MILITARY DEVELOPMENT 

The military invasion and the occupation of the Kyukyus was tlie first step 
in the plan of the United States to penetrate tlie inner ring of Japanese defense. 
In addition to cutting the enemy's air communications through tlie Kyukyus 
and flanking his sea communications to the south, Okinawa fumislied airbuses 
within medium bomber range of Japan and an advanced naval base. The plan 
was to use it as a Supporting position for the invasion of Kyushu and Honshu. 
The calendar of open, t ions was as follows: 

Assault landing, Kerama Islands, 26 March, secured 20 March 1045. 
Assault landing, Okinawa Island, 1 April, secured 30 June 1045. 
Assault landing, Ii-shima Island, 16 April, secured 21 April 1045. 
This campaign, as is well known, was marked by some of the bitterest fight- 

ing and by the heaviest Allied casualties of the war in the Pacific. Severe com- 
bat on Okinawa was concentrated in the southern half and especially in the 
southern one-third of the island. 

Before the military occupation of Okinawa, it was known, through Japa- 
nese reports, that malaria was endemic in the Byukyu Islands. The extent of 
the problem and degree of endemkity was unknown. 

Some of the troops, ground and air force and Navy, taking part in tlie 
invasion and occupation, had been seeded earlier with malaria in the Philip- 
pines. Mew Guinea, and the Solomon Islands, although there were no heavily 
seeded units in the opemt ion. Most of the units participating had had minimal 
or no exposure to malaria earlier. Table 68 indicates the strength of the Tenth 
UÄ Army. 

By 18 April, the entire northern peninsula of Okinawa had been cap- 
tured (although guerrilla forces still operated), and the battle lines in the 
south had settled down along a line across the island from Xaha  and Shuri 
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to south of Yonabaru. Tlie entire central part of the island mnl the north, 
freed of «11 except occasional guerrilla actions, was available for rear -urea in- 
stallations. Military government installations ami native camps were located 
in the mirth «if the island, and airfields, dumps, hospitals, and ramp* were set 
up in the flatter central region.31 

TABLE 68. —Strength of Tenth VS. Arm;/ itml vinrinr and nnral force*, in the /?// 
paign, JO April '-.Ml June ll).','i 

•ikyv* ram- 

Month Army 

i 

102, 250 
167, »71 
190,301 

l 

88,500 | 
58,894 ! 
■ -i, 48» 

1 

X»»y 

April       . „ 
May. 
June-   

1945                                          j 
18,000 
21,703 
' 1, 225 

4 The narked üecttnr fur Marti*.* ami Navy Mrvngtlw in June t» the re»iilt of rva-Mtf nnrnt «C units ml hi? th»n of larfe- 
•ato cTamatkm of pmuonri. 

AREA CHARACTERISTICS 

Physiogeography 

The Ryukyu Islands lie southwest of Japan proper, northeast of Formosa 
and the Philippines, and west of the Boning. The island», peal» of submerged 
mountains, stretch in an arc about 7D0 miles long between Kyushu and For- 
mosa, and form a boundary between the East China Sea and the Pacific Ocean. 
The archipelago consist» of about 140 islands, only about 30 of which are large 
enough to support substantial populations. 

Okinawa is the largest of the islands in the Ryukyus. Extending gen- 
erally north and sooth, it is 60 miles long and from 2 to 18 miles wide, with 
an area of 485 square miles. The terrain in northern Okinawa, the two-thirds 
of the island above the Ishikawa Isthmus is extremely rugged and mountain- 
ous. A central ridge, with elevations of 1,000 feet or more, runs through the 
length of the region; the ridge is bordered on the east and west by terraces 
which am dissected by ravines and watercourses, and it ends at t)w coast 
in steep cliffs. About 80 percent of the area is covered by pine forests 
interspersed with dense undergrowth. Narrow coastal roads go up the east 
and the west coast, with several narrow mountainous cross-commnnicating 
roads. The Mototm Peninsula, which is nearly square in shape and juts to 
the west, ah» has a mountainous and diScult terrain. Two mountain tracts 
separated by a central valley run east and west the length of the peninsula. 
About *% miles off the northwest end of the Motobu Peninsula is the small 

» laili —, Mmf S-, Sara*. la 
hut Baltt».   Uatt«4 S«a«w Arav 
Cmr—nal Prlattas Oafcjt. ISM. 

•a M- Oaaefcr. B—HI A.. MMl Storm. Mui 
WMM War II.   TV War la MM Partie. 

Oklaawa: IW 
TJJS. 



SOITTH I'ACIFIC 477 

flat-topped island of Ii-shima, with a sharp pinnacle about .rMM> feet high 
at the eastern end. 

The southern third of Okinawa, south of Isliikawa, is rolling hilly count ry, 
lower than the north, but broken by terrace*, steep natural escarpments, and 
ravines. The section is almost entirely under cultivation and contains three- 
fourths of the population of the island mid the large towns of Nairn, Shuri, 
Itoman, and Yonabani. Rice paddies till the lowlands near tlte coasts. The 
roads are more numerous than in the north but usually little more than country 
lanes. Drainage is generally poor, and heavy rains turn the area into a 
quagmire of deep clay like mud. 

Shortly after the occupation, the Yon tan and Katena airfields were taken 
over, the naval base established in Nakagusuka (Biickner) Bay. and that 
portion of the island between Isliikawa to the north and Adaniya to the 
south became the center of the base military activities of the island. Most 
of the unloading was done on the western beaches, and most of the quarter- 
master are.'» were there. Unloading of naval supplies proceeded on the 
beaches on the east coast. 

Climatic Features 

Altliough located within the Temperate Zone, the Ryukyu Islands have 
a subtropical marine climate with a relatively high and equable temperature 
throughout the year. This is due in large part to the influence of the 
Kuroshio which arises in the equatorial ocean currents north of the Philip- 
pines and flows northeastward among the islands of the Ryukyu Archipelago. 
Ranging from 5° to 15° V. warmer than lite nther ocean waters about it, 
the Kuroshio serves to intensify the heat and humidity of the sultry mon- 
soon winds from the south in the summer and to warm and moisten the 
cold monsoon winds from the north in the winter. The result is both an 
increase in year-round temperature and humidity and a modification of the 
climate extremes that would otherwise prevail At Nah», which is located 
approximately midway in the Ryukyu chain, the mean annual temperature 
b 76° F. January and February are the coldest months, averaging 61* F. 
la Nahe, Between March and May, the temperature rises rapidly, culminating 
in the Tory warm season from June to September, when the temperature 
borers about 81s F. In the last quarter of the year, it drops swiftly, and 
December averages only two to three degrees warmer than the two coldest 
months which follow. Extreme temperature variations are seldom experienced 
(tools «I). 

The mean annual moisture content of the air around the Ryukyu Islands 
is exeeasive, averaging 76 percent or more. Humidity is highest during the 
April-September period, when it averages about 80 percent. Even during the 
winter, the minimum mean compiled for any month at any station was 78 per- 
cent.  Diurnal humidity variation is never very great; in summer, it amounts 
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to only about 20 percent and in winter to about 14 percent. The ilhiriinl nuixi- 
niums occur between 5 a.m. and 6 a.m. and the minimum* between 1 p.m. and 
3 p.m. 

TABLE ft!).— Air   Uiuptraturin   (in   ileyrnn   Fahrenktit),   Xaka,   Okinauii,  during   n   .UUyrar 
obmrmlioH ptriad 

TfiniH-ratiir* 

Month 
Avrmcc Mvan 

maximum 
Mean 

minimum 

5A 

IlilthFKl 
iwiirtWil   . 

80 

rn-onleil 

Januarv  «li «7 43 
February  Ai : 67 55 81 41 
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Rainfall is heavy at Naha, the mean annual precipitation being 82.8 inches, 
with at least 4 inches falling in every month of the year. There is considerable 
variation in the amount of rainfall from year to year. The wettest year ever 
recorded at Naha had 113 inches; the driest only 42 inches. 

The summer months receive the greatest amount of precipitation, and the 
winter months, from November through February, the least. The amount of 
rainfall in any single month, however, varies considenibly from year to year. 
At Naha, the least precipitation ever recorded for a single month was 0.« inch, 
the greatest 28.0 inches. The maximum recorded fall for 1 day at Naha was 
1&8 inches. Such extremes of precipitation, however, are usually associated 
with typhoons. In contrast to the seasonal and monthly variation in amount 
of rainfall, the number of rainy days is fairly uniform throughout the year. 
Table 70 presents data on rainfall (in inches) and on the number of rainy days 
(with at least 0.04 inch of rain) for Naha, observations ranging from 30 to 
40 years, as indicated in parentheses. Observations made at 13 minor weather 
stations on Okinawa indicated that the average annual precipitation varied 
from about 65 to 90 inches at different locations. The prevailing winds are 
easterly with a mean annual velocity of 8 miles per hour (range from 6 to 10). 

The islands lie within the typhoon belt of the East China Sea. From 12 
to 45 typhoons affect the Okinawa region each year, and from 3 to S can be 
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expected to cues directly over the nreii.   The months of greatest typhoon fre- 
quency are from May to Octolier." 

TABLE 70.—Hain/all (meannrrmrnt in inrhm) ami rainy «to»/», .Yuan, Okhiaira 
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Native Population 

Okinawa, previously semi-independent and paying tribute to China, was 
annexed by Japan in 1879, and the people wen integrated into the Japanern 
frorernmenUl, economic, and cultural structure. The racial origins of the 
Okinawans are similar to, but not identical with, those of the Japanese, and the 
Okmawan stock and culture has been subject to considerable Chinese influence. 
While the Okinawans generally resemble the Japanese in physique, they differ 
appreciably in their language, the nativeLuehuan tongue. 

The standard of living of the Okinawan people is low; the Japanese made 
no attempt to raise it, regarding the Okinawans as inferior rustics. Most of 
the inhabitants subsist on small-scale agriculture. Every font of usable land, 
even eatendmg far op the narrow valleys, dissecting the northern peninsula, is 
planted, and terracing » extensive. Crops are sugarcane, sweet potato«, rice, 
and soybeans. Livestock (cattle, torses, goats) were apparently abundant 
before military occupation. In 1940, the human population of the island was 
485JJ0O. 

At the beginning of the military operations, the natives took refuge in 
caves and in the mountains; as soon as possible they were concentrated in AMG 

■■tether imiipMc aa* t—Ifloate **««» caa to »caw« frwa iw CrrU Affair« naaatoak. 
Brafcfa Maaaa, OaV. of taa Calif at Karal OacraHaaa. VS. K»TJ Ptaarltatat. IS HOT. 1*44. 
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(American military government) camps in central und northern Okinawa. 
Some few natives were employe«! in the established milititry areas as laborers 
during the latter part of the campaign, IHM on the whole there was little associa- 
tion with troops, with the exception of the personnel of the AM(i units and 
hospitals stationed directly in the native camps. The largest concent nit ions 
of natives after occupation was the northeast const, with a series of ctnn]>s from 
Kin to Sednke, and another large concentration on the northwest coast in the 
Gaira-Hentona region at tlie beginning of the Motohu Peninsula. The hulk of 
troops was far separated from these areas, in the central and southern part of 
the island. 

According to reports of several native doctors interviewed during the early 
part of the campaign, malaria was unknown among tlie people in the southern 
part of the island, but occasional cases were seen each year in the north. Ex- 
tensive examinations of natives carried out by malaria survey teams confirmed 
this impression—only 9 blood smears were positive in more than 2.000 exami- 
nations. A different situation was found during the subsequent malaria epi- 
demic in northern Okinawa (table 71). 

TABLE 71. —Krault* of hiood tramimation* of nalire» during malaria 
Okinawa, Au§war Septrmbtr t!H6 

outbrrak in nortktrn 

Hntoa                                                                 1        Nlunhrr 
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gaaarr: IJowaa. W. U.: Malaria «a Okinawa.   Ml. I'M. Army M. Dtp*-*-- «■«. »or»« 1Mb 

Mosquito Vector* 

The anophelme species present on Okinawa an limited to Aftopkefe* 
{AnopMrh») nine**»* Wiedeman 1NS8. and AnoftrSrtm {Amipkelrm) mip, rot 
Bohart and Ingram 194C 

Am/i/tAf/ri ««WK*M (fig. &&) was found to be widely distributed and 
abundant in the riceAeld areas—in the south, center, and north of the island. 
A. mperm" was found only in limited numbers in northern Okinawa, and. 
although captured biting nan, was apparently so rare that it eonW be dropped 
from consideration as an effective malaria vector. The sole rector, by exefa- 
non, was therefore A. tinsnti*. 

AnopMe* »menu* was commonly encountered breeding hu flooded rice 
paddies, before the rice was high, and there can be no doubt that this eon- 

• (1 > Bafcart. K. M.. a ad laaraai, X. L.: Pear Htm Bateau at MmalHn fiwn Okinawa. J. Waafc. 
Aea4. St. M: 44-33. 1S4«. IS) Bafcart X. K, a aal iBtraat, X. L.: Mil aalt», af Oftlaana awl lataaaVi 
la tk. Oatral FawMe. WaaMaarraa, D.C.: Itanaa if afc-tltla* a a« Rararrr. r.a. Sary Oiaaiiawai. 
194«. 
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stituted the most favored breeding area. Widespread antilarval operations 
were begun promptly so that it was not ]x»wil>le to follow (lie uqiiutic plia.se 
closely. 

Numerous observations were made on the habits of the adults of this 
species. Despite careful search of hundreds of dwellings, mid of caves which 
would appear to lie ideal refuges, adults were rarely encountered in such 
localities during the daylight hours, and there can exist no doubt that this 
species does not seek human habitation for refuge. Outdoor refuges were 
never encountered, although in some areas, mosquito densities, as determined 
by night captures, were high. 

These mosquitoes became very active at dusk. If one stood outdoors, 
or in the doorway of a house, dozens of mosquitoes would land anil attempt 
to bite within a short period of time. Even indoors, mosquitoes would be 
found to have entered freely and to be attempting to feed. This peak of 
activity lasted for less than an hour, and no observations are available as to 
whether activity was sustained through the night. Searching of bouses shortly 
after the peak of evening activity revealed few or no mosquitoes resting within, 
suggesting that the mosquitoes leave after feeding. 

Mosquitoes fed readily on man but were also observed and captured 
feeding on horses. No comparative studies of host preferences were made. 
In September, during the malaria outbreak in northern Okinawa, 72 A. 
rinrntU were dissected but none contained Pla»modium. 

Effects of Combat and Occupation on Malaria Potentialities of Area 

Antimosquito operations were sufficiently effective that an outbreak of 
malaria was possible only under unusual circumstance*. The required con- 
ditions developed around AMG camps in the areas shown on map 27 and 
resulted in a sharp epidemic of malaria among natives quartered in and near 
these camps, described as follows: 

Good mosquito breeding places were adjacent to several of these camps. 
Although all of the AMG camps maintained antilarval crews to apply fair- 
ricidal oil to their immediate camp areas, this work was not extended far 
afield, or up to the narrow terraced valleys inland from the camps, heraus* of 
the ever-present danger of sniper action, long after the island was declared 
•scare. Airplane spraying was largely limited to the areas of troop con- 
centration in the toother» half of the island during May and Jane and was 
infrequent over the northern half. Moreover, the moNntainoas terrain in the 
north forced the planes to fly high and so decreased efficiency. Consequently, 
in many regions of northern Okinawa, anopheline populations had the op- 
portunity to and did maintain themselves in considerable numbers. Moreover, 
the native livestock, probably the most important source of blood meals for 
the mosquitoes under normal conditions, was virtually eliminated. After 
several days' search in the Sedake area in the month of September, it was 
finally possible to find one hone to be used as mosquito "bait.''  Several horse» 
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were found and utilized in Japanese It encephalitis studies. Cows and gouts 
were rarely seen. 

It appears that the imbalance in the malaria transmission picture, oc- 
curring as tlie result of military occupation, was caused by the destruction 
of the usual animal blond sources, deviating the mosquitoes to humans, and, 
at the same time, the placing of humans in much more intimate contact with 
the mosquitoes, in the AMG camps, than would ordinarily be the case. 

It is important to note, in connection with the habits of -1. kinemia 
(entering houses to bite when necessary but feeding by preference outdoors 
and practically never remaining in houses as refuges), that all the native 
dwellings and structures in AMG camps and outside had been sprayed with a 
residual deposit of DDT in diesel oil before tlte epidemic began and one or 
more times during the course of the epidemic. The interior house walls were 
usually of unpainted wood paneling. No tests were made to determine how 
long the DDT residual deposits retained activity against mosquitoes. 

MALARIA EXPERIENCE 

There was no malaria in troops on Okinawa during the combat phase, 
1 April-30 June 1945. In mid-July, an extensive outbreak of malaria began 
among the natives on northern Okinawa, and a few cases occurred among 
troops who were stationed nearby (map 28)." Only a few troop units were 
involved, and reports were fragmentary. The 27th Infantry Division re- 
ported 94 cases of malaria in August, most of them new infections. Company 
I, ftth Regiment, let Marine Division, spent 10 days at Kayö (near Sednke) in 
August and reported 48 new cases of malaria in 205 men. The 3d Battalion 
of the 147th Infantry stationed at Nago reported 24 cases of primary /'. vivaae 
malaria soon after its arrival early in September. None of these units was 
taking auppresaiva Atabrina.   By mid-September, the epidemic had waned. 

This outbreak was limited to troops in the northern part of the island; 
than was no malaria among the balk of the troops who were stationed in the 

half of the island, although they were in proximity to many square 
I of tie» paddies and other potential breading ana«. The successful pre- 

vention of malaria among troops except for thorn minor outbreaks waa doe to 
early and intensive antjmalaria work, especially airplane spraying. The cool 
weather during April, when the night temperature frequently fell to about 
•0* F., slowed down larval development at a time when control personnel wore 
scarce. By the first of May, a regular schedule of air and ground application 
of DDT was in operation and practically eliminated mosquito production in 
the occupied portion of the southern half of the island. 

The outbreak among the natives in the AMO camps on northern Okinawa 
waa due to the unusual circumstances already described (p. 48»).   Malaria ap- 

W. O.: Malaria ■■ Ofcfcawm.    •**. IT.S. krmy M. I**4. » : OMU. ***** IM 
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peered in July and rapidly assumed epidemic proportions until brought to an 
end in September. It is estimated that from ijOHO to SjOOO ra«n occurred 
among; the s»,000 to 30,000 luUivas who were crowded in the arena shown on nmp 
88. All the «mies observed were of P. viva*. In flOO elide« examined from nick 
natives at Sedate, 90 percent were positive for malaria. 

This epidemic of malaria was concurrent with an outbreak of about IflO 
cans of Japanese B encephalitis which orenrred amons; natives and troops on 
northern Okinawa and oa a small offshore island (p. 494). 
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It was soon apparent that airplane application of DDT and a small amount 
of antimalaria work by ground personnel would be sufficient to control malaria 
transmission in the areas of heavy troop concentration. Therefore, a large 
amount of woi-k was devoted to the elimination of fly populations, especially 
during the combat phases and until bodies were buried. These activities have 
already been described in this chapter, but it is pertinent to note here that this 
was the first campaign in the experience of these authors in which there was 
virtually no dysentery or diarrhea among troops during the combat phase. 

ANTIMALARIA POLICY AND ORGANIZATION 

At Theater Level 

Preinvasion planning was carried out at Navy and Army headquarters in 
Hawaii. Theater directives were prepared which were similar in essential 
respects to those already quoted for the South Pacific Area. 

The staff officers who were responsible for developing the theater direc- 
tives at headquarters in Hawaii were then assigned on temporary duty to fill the 
positions in preventive medicine in the Surgeon's Office of the Byukyu Islands 
Command. 

Arrangements were made for airplane spraying of the occupied area from 
D-t-2 to D+5 from a carrier based plane under the direction of Lt. John D. 
Maple. This activity was then transferred to Yontan airfield from which a 
C-47 was used for spraying; about D+7 this plane crashed and several aboard 
wen killed, including Lieutenant Maple. The malaria control and survey per- 
sonnel attached to the Army and Marine division« taking part in thk opera- 
tion were shipped to arrive with their respective headquarters units. The 
majority of the Army malaria survey and control detachments and the medical 
sanitary companies were assigned to the Byukyu Islands Command and were 
shipped to arrive in echelons from D+15 to D+180. Antimalaria supplies, 
especially DDT and equipment for its application, were also shipped in 

At Local or Island Level 

A team of five Army end two Navy officers, all of whom had worked to- 
gether for long periods in the South Pacific Malaria Control Organisation 
formed the nucleus of the Preventive Medicine Ssctioa of the Seageoae Office 
of the Byukyu Islands Command and coordinated maUrm control aetivitiw for 
the Army, Navy, Marine«, and military government units. These individuals 
went ashore with the Byukyu Islands Command headquarters on D+4. 

The following directives pi /vide authority for and information about the 
insect and rodent program, of which malaria control was an integral part: 

Operational Directive Na 4A, Headquarters, Tenth Army, dated 6 May 
lfMa. 
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Operational Directive Xo. 7, Headquarters, Ryukyu Islands Command, 
dated 16 May IMS. 

Memorandum Xo. 26, Headquarters, Ryukyu Islands Command, dated 1 
June 1043. 

The details of this program were explained in Medical Bulletin Xo. 6, 
Headquarters, Ryukyu Islands Command, dated 14 July 11)45. The Preven- 
tive Medicine Section of the Ryukyu Islands Command was made responsible 
for tlie coordination of all antimalaria and other insect control activities. All 
malaria control personnel were ordered to communicate with the Preventive 
Medicine Section as soon after arrival on the island as feasible. 

The Preventive Medicine Section of the Island Command Surgeon's Office 
was responsible for the allocation of antimalaria supplies. Knapsack sprayers 
and dusters were in limited supply but were obtainable at engineer dumps 
when requisitions were approved by Preventive Medicine Section. Other 
supplies were obtainable from the Quartermaster dumps, with the following 
allowances: 

5 percent DDT in kerosene.—60 gallons per 1,0(10 men per month. 
Aerosol, 1 pound dispenser.—225 per 1.000 men per month. 
DDT darting powder (larrkide).—50 pounds per 1,000 men per month. 
Insect repellent (2-onnce bottle).—2^)00 bottles per 1,000 men per month 

as authorised by Circular Xo. 91, Headquarters, IT.S. Army Forces, Pacific 
Ocean Anus, 12 June 1043. The Preventive Medicine Section established a 
nixing station for DDT and diesel oil at Yontan airfield and assumed re- 
sponsibility for the allocation of all of this material on quota basis. 

At the tins of termination of hostilities, 30 June IMS, three Army malaria 
control detachments, seven Army malaria survey detachments, three Army 
medical sanitary companies, and eight Navy units (including two rodent 
control unit«) had arrived and wen at work on Okinawa or adjacent islands. 

The Preventive Medicine Section of the Island Command Surgeon's Office, 
Tenth UÄ Army, maintained direct control over the malaria survey and 
eontrol units attached to the Army divisions; the surgeon of the naval bun 
maintained direct control over the Navy epidemic disease control units attache 1 
to the naval bass and to AMO; the Air Foree surgeon maintained direct con- 
trol over the malaria survey and eontrol personnel attached to the Air Fnrea; 
and the Surgeon, HI Amphibious Corps, Fleet Marias Foe«», nuuntninsd 
eontrol erst the two Navy epidemic disease control units attached to the two 
Marino divisions. 

Ths activities of all wan coordinated into the overall eontrol program 
directed from the Island Command Surgeon's Office. Surrey and control 
groups wen assigned as teams and lived and worked together. Each team 
was assigned an ana of the island as its responsibility. Maps wen prepared 
and kepi up to date showing the areas of responsibility of each team. Follow- 
ing cessation of hostilities, Army and Navy activities wen sharply separated. 
A line of demarcation was drawn roughly down ths center of the island; all 
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activities to tlie east of the line were placed under Xuvy supervision und all 
activities to the west, under Army sii|iervision. In spite of this geographic 
sepuration, cooperation continued to be close and effective. 

One of the factors in maintaining coordinated efforts among the various 
malaria control detachments was a series of monthly meetings, begun in April 
1945, of officers from all preventive medicine units on the island. Attendance 
was voluntary and excellent. A resume! of the disease picture us known, perti- 
nent data on change in assignment of areas for control, on control methods, 
availability of supplies, and similar subjects were presented, followed by tlie 
presentation of results of investigations and o{>eratioiis conducted by tlie var- 
ious units. 

Unit antimalaria details or sanitary squads were organized and worked in 
the same manner as previously described (p. 446). 

Malaria Control Labor 

Skilled labor and supervisor}- personnel were provided by tlie malaria 
survey and control detachments and similar units noted previously. Medical 
sanitary companies and troop unit antimalaria details (sanitary squads) pro- 
vided tlie bulk of unskilled labor. Natives were little used for control opera- 
tions except around AM(J cam|is. The wide use of airplane spraying greatly 
reduced the need for unskilled labor. 

Airplane Spraying Arrangements 

Preinvasion plans for airplane spraying called for daily operations begin- 
ning with the initial flights by carrier based TBPs and continued by land 
baaed C-4Fs as soon as the tactical situation permitted. This schedule was 
interrupted by the crash of the only C-47 available at the time after i days 
spraying from Yontan airfield. Airplane spraying was not resumed until May 
IMA, when one C-47 from the Dth Troop Carrier Squadron became available. 
Subsequently, two C-47's from the Slflth Troop Carrier Squadron became 
available in June IM». 

During the combat operations on Okinawa, airplane spraying was under 
the operational control of the Inland CVaumaad entomologist, Cept. Paul W. 
Oman, and the Command sanitary engineer, Cnpt. Eugene O. Hamann, SnC. 
The entomologist was responsible for selecting the area to be sprayed on the 
basts of survey information obtained from various malaria survey units, 
scheduling the flights, briefing the pilot and navigator as to the limits of the 
area to be covered, and coordinating with the Island Command Artillery con- 
trol ohVer. The last precaution was necessary to assure that gun batteries 
would post a lookout for the low-flying plane during the lioura when flights 
wen scheduled. The engineer was responsible for mixing the necessary 
quantity of DDT solution and for loading the plane at Yontan airfield, whan a 
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hnrdstand liiul been constructed for that purpose. The efficient o|M>.nition of 
tlte airplane spraying program during the early part of the campaign was 
largely due to the efforts of Captain Harrison anil his crew, who were able to 
reduce the loading time to a few minutes, thus saving valuable living time 
during daylight hours. 

Malaria Control Battalion 

Early in the Okinawa cain|Niign, tlte itersonnel concerned with the survey 
and control aspects of the preventive medicine program established a head- 
quarters near Katena airfield, some :i miles removed from Island Command 
Headquarters. As the number of malaria survey and control detachments 
engaged in work on the island grew, it became apparent that tliere was needed 
some adequately organized and staffed headquarters that could coordinate the 
work of the various units, handle supply matters pertaining to their activities, 
and centralise tlie administrative functions. As a result, shortly after the 
island was declared secure, a malaria control battalion was activated. 

Other Military Agencies Engaged in Preventive Medicine 

A highly significant undertaking in connection with the development of the 
preventive medicine program ' • Okinawa was the inclusion of a team of med- 
ical specialists, including both «.Acers and enlisted personnel, of NAMRIT No. 
2, each man competent in a special field of disease investigation. The objec- 
tives of this team were to find out early and conclusively the potential danger 
to troops of scrub typhus, schistosomiasis, malaria, nlariasis, and enteric 
diseases. Within a few weeks, it was shown that scrub typhus and schistoso- 
miasis constituted no hazard and that no troop protective measures would be 
needed. Here it may be noted that enthusiastic but unqualified workers had 
claimed the presence on the island of a »h> vector of scrub typhus and a snail 
host of schistosomiasis; both claims had been made as a result of incorrect 
diagnosis of the specimens and were refuted by NAURU No. 2 investigators. 
The same group, cooperating with other personnel, particularly of Army and 
Navy survey unite, helped to delineate the status of the malaria and Mariasis 
problems and their potential hazard. 

When the Japanese B encephalitis outbreak occurred, NAMKU No, 3 
specialists were on hand with laboratory personnel and equipment to aid in 
study of epidemiology, etiology, and transmission. Within S weeks of the 
initial landings, NAMRIT No. 2 personnel, with the assistance of the Island 
Command entomologist, had prepared and reproduced an illustrated synoptic 
key to the common mosquitoes found on the island. The great value to the 
preventive medicine program of having fully competent experts available 
during the early stages of occupation of unknown territory cannot be too 
strongly stressed. The savings effected through discontinuance of protective 

i against scrub typhus and schistoaomiasis were enormous. 
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Engineering work specifically aimed at malaria control was of minor 
significance during active operations against the enemy. Two naval construc- 
tion battalions assigned groups of 50 persons to each of the two Marine divi- 
sions, to provide labor for sanitary work, and the Army Cor|» of Engineers 
assigned details to bulldoze over and clean up large areas devastated by conduit. 
These details rendered valuable sen-ice in general sanitation und reduction of 
fly breeding by establishing sanitary garbage-dis|Misiil facilities and cleaning 
up fly-breeding areas in destroyed towns. 

ANTIMALARIA ACTIVITIES 

Training, Information, and Propaganda 

These activities were similar to those previously described (p. 451), but 
they adapted to tlie problems peculiar to the Byukyii Islands. Training di- 
rectives were written (in advance of occupation) which included information 
about schistosomiasis, Japanese B encephalitis, and scrub typhus in addition 
to the usual sections about malaria, dengue, and filariaais. 

The monthly meetings of officers from all preventive medicine units on the 
island have already been noted. In addition, a monthly medical bulletin, en- 
titled "Malaria and Epidemic Disease Situation, Okinawa,"' was mimeograplied 
and distributed to all preventive medicine units, Army, Navy, and Marine. 
This bulletin was made as complete as possible and presented details of the 
work conducted by all units, observations on new disease problems as these 
arose, and explanatory note« on new technical developments. 

Survey Activities 

Initial surveys in the south central portion of the island made early in 
April established the fact that, while there was a high larval population of 
A. **nen*i», most of the population consisted of early instant. Cool weather 
during much of April prevented any considerable emergence of adults before 
airplane spraying was initiated, and once this control measure was in operation 
the intensive surveys so necessary for satisfactory control in the islands of 
the South Pacific proved unnecessary for the control of Anopkete* in most 
anus. As a result, primary survey attention was then directed toward elimina- 
tion of mosquito breeding in artificial containers, determination of the in- 
cidence of different species of fleas, and detection of fly breeding. The survey 
program was organised on an area basis, each survey unit, both Army and 
Navy, having a definitely delimited area of responsibility. Since mosquito 
development during the early part of the season was slow, survey coverage 
and reports were initially established on a biweekly schedule. Special surveys 
of port areas were made for the detection of possible dengue fever vectors. 
The overall operation of the survey program was essentially the same as that 
reported for the South Pacific Ana, 
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Antimosquilo Operations 

Aiiliiiiuw|uiluo|wnitiuiiM werel>egim with i he opening of I lie cain|Niign and 
continued until the advent of «old weather in the fall. 

Antilarval operations 
Antilarral work was the most important of the mosquito control activities. 

Every unit of <-oiii|mny size had its antilarval detail, equipped with knapsack 
sprayers and supplied with 5 percent DDT in diesel oil from the central mix- 
ing station at Yontan airfield, to be descrilied later. The mixing station 
prepared larvicidal solution for all Army, Navy, and Marine units on the 
island. 

Personnel from the malnria survey detachments made |ieriodic surveys of 
the areas under their jurisdiction and when necessary indicated to unit spraying 
details tlie areas which were not being covered properly. 

Airplane spraying was done with C-47 planes equipped with two 600- 
galkm tanks in the cargo compartment. These tanks discharged through 
a 1-inch pipe which projected a short distance below the belly of the plane. 
The oil flowed out of the tanks by gravity and was broken :!•> into droplets 
by the air current. 

Airplane spraying began on the first day of invasion (table 73). As 
the occupied area of the island expanded, the area covered by airplane spray- 
ing followed closely. So closely did it follow, in fact, that on more than one 
occasion it was discovered that the spraying was being done over enemy-held 
territory. Airplane spraying undoubtedly was instrumental in practically 
eradicating anopheline breeding from the southern part of Okinawa, where 
the terrain was in general low, and application of larvicide could be eltciently 
carried out. It is doubtful whether ground control measures would have been 
necessary at all in this part of the island. However, on northern Okinawa, 
the situation was different The region was mountainous, with narrow deep 
valley«, terraced from bottom to top, with rice fields along the entire length. 
The planes had to fly high of necessity, and, with a work schedule necessitating 
flying spraying missions all day long, it was not possible to select hours of 
correct atmospheric conditions for spraying. Consequently, plane spraying 

not adequate to cope with this situation. Ground control would have 
possible, although dimeuk, since snipers infesting the valleys greatly 

hindered such work. The remit was considerable production of anopheiinea 
and eulieines throughout the season, and epidemics of malaria and Japanern 
B encephalitis occurred in northern Okinawa. 

The rate of use of DDT, dissolving, for airplane spraying and ground 
spraying was nearly 1 ton per day, and it was often necessary to mix from 
7,000 to 8^)00 gallons of 5 percent DDT in diesel oil daily. 

The mixing of such large amounts of DDT in diesel oil presented problems 
from the beginning, and, in the earlier days, it was a constant struggle to 
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transport drums of diesel oil to the mixing station, keep adequate stocks of 
DDT on hand, and mix the solution in the individual drum*. Mixing was 
simplified by the use of a compressed nir pump. A pipe with a series of holes 
drilled in it was inserted in the drum, and the nirhlast turned on, giving more 
rapid and better mixing than if done by hand; however, ex|tanding operations 
required a much larger installation. Captain Harrison designed a large- 
scale mixing plant, olrtained materials from many sources, and then set up 
and maintained a most successful operation. Two 1,100-gnllon pontoon tanks 
were installed on a platform 8 feet high. Two 750-gallon tank tracks and 
a 214 ton truck, fitted with a 1,100-gallon pontoon tank were used to transport 
oil to the mixing station. This oil was pumped up to the pontoon tanks, where 
the DDT was mixed in, and stirred by an airblast from a compressed air 
pump. The mixed material was dispensed by gravity flow. One line went 
directly to the hardstand area, where the plane tanks could be filled directly. 
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A novel procedure was used to help dissolve the DDT in diesel oil. Large 
quant it im of DMT had been brought to Okinawa in gallon cans, in anticipa- 
tion of a scrub typhus problem which did not materialise. It was found that 
DDT dissolved readily in dimethyl phthalate. Enough dimethyl phthalate 
wan added to the charge of DDT for mixing with 1/100 gallons of oil to convert 
it to a sludgy liquid. This was then poured into the diesel oil, the airMast was 
turned on, and complete mixing took place within a few minute«. 

Extensiv» filling and hand ditching were curried out as circumstances 
dictated, and with little use of heavy machinery. Apart fron malaria control, 

Deration«, including the use of heavy machinery, particularly bull- 
were curried oat to clean np the debris of combat from areas to be 

Antiaduh measures were employed initially and continuously. Space 
•praying with a kerostne-pyrethrum spray was carried out routinely in hos- 
pitals, meashalta, and similar structures. Aerosol bombs were also used. 
Experimental trials were made of the Hochberg-LeMer smoke generators and 
of generators developed from chemical warfare smoke generator!«. 
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Special squads from the iimluriu survey detachments attached to the com- 
bat divisions carried out the hazardous work uf spraying nil caves ami shelters 
immediately after occupation of enemy territory by U.S. troops. Some ex- 
tensive caves were sealed off by dynamiting the entrances to close them. 

Residual spraying of native dwellings with DDT and diesel oil was planned 
before the (-am|»iign began. No data are available on the number of native 
dwellings treated with residual spray in April li>4.">. Approximately 5,700 
such dwellings were sprayed in May; &\fV)(l in June; and lA.llHi in July. 
No data are available for August or September, but it is known that more 
native dwellings were sprayed during these months than during the month 
of June. It is ini|Mirtaiit to note that the repeated spraying of all the dwellings 
in the areas of native concentration in northern Okinawa did not prevent the 
malaria epidemic which has been described. This epidemic progressed de- 
spit« airplane and ground application of larvicides and residual spraying of 
houses. Two conclusions are inescapable: (1) The antilarval measures used 
on northern Okinawa were insufficient to handle the mosquito breeding prolt- 
lem, and (2) the habits of .1. *inen*U adults are not such as to make malaria 
transmission by the species easily controllable by DDT residual applications 
inside dwellings. 

Additional measures of malaria control included the use of mosquito nets 
as soon as the tactical situation permitted. The unit malaria control officers 
were responsible for the enforcement of this measure. As more permanent 
camp areas developed, quarters were screened and mosquitoproofed. 

Insect repellents were provided in large quantities. The mosquito con- 
centrations were low in the areas of largest troop concentrations, and demand 
for repellents was correspondingly small. One of the minor problems of the 
Quartermaster was what to do with the huge piles of cases of repellents on 
hand and those continually arriving. 

Drug Suppression 

At the time of the invasion, all the units coning to Okinawa had been 
on suppressive Atabrine regimen, for at least 10 days before arrival. The 
regimen was the established one of 0.1 gm. daily. The responsibility foe 
maintaining malaria discipline within the units rested with the unit malaria 
control officer, who was advised and supervised in turn by the personnel of 
the preventive medicine unit in his area. 

It was soon evident that malaria was not going to constitute a serious 
problem in the areas of heavy troop concentration, and it was therefore felt that 
■oppressive Atabrine administration was unnecessary. By the end of June 
IMS, not a single new cam of malaria had been seen in unseeded units. The 
outbreak in northern Okinawa had not yet begun. In June, it was recom- 
mended that all troops, with the possible exception of some heavily seeded air 
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force units, be taken off suppressive Atabrine therapy, and this was accom- 
plished by the end of August. There was no increase in reported malaria, either 
relapses or new cases, as a result of this, except for the troop cases which oc- 
curred in units stationed near natives in northern Ok'nawu, as noted 
previously (p. 483). 

OTHER ACTIVITIES OF THE ANTIMALARIA ORGANIZATION 

Because there was no significant malaria hazard in the southern part of 
Okinawa, the efforts of lite preventive medicine personnel uttaclied to the 
troops were diverted to other aspects of sanitation, including fly control, the 
delousing of natives and prisoners of war, und the investigation of other |Mira- 
sitic disease problems among the natives. 

Fly Control 

It soon became evident that flyhorne diseases constituted a more serious 
hazard to the health of troops than did niosquitolmnie diseases, lly late April, 
most pit latrines sliowed considerable fly l>reeding, and this was supplemented 
by the inevitable unauthorized garbage dumps and impro|>erly dis|>osed fecal 
matter of the civil population. DDT in oil proved unsatisfactory for con- 
trol of flies in latrines or in bodies. Experiments with xylene emulsion DDT 
showed that it would satisfactorily control flies in pit latrines, but the supply 
was limited. Furthermore, the use of xylene emulsion constituted a distinct 
hazard because of the volatility of tlie xylene, and, after one tightly constructed 
pit latrine was blown up by a flash explosion initiated by a discarded cigarette, 
no further consideration was given to the routine use of DDT emulsion for fly 
control. The problem was solved by the use of sodium arsenite, both for 
latrine« and fly-infested bodies.'' Because of the danger involved in the use of 
this poison, it was deemed advisable to control its issue and use. Accordingly, 
all sodium arsenite was mixed at the malaria control headquarters and issued to 
units, along with precautions as to its use. 

Large fly populations developed on a few occasions in small areas, especially 
where combat had been severe and where largo numbers of larvae were de- 
veloping in unburied bodies. Airplane application of DDT destroyed the 
aduk flies rapidly, and concurrent larvieidal work of ground crews prevented 
further breeding. 

Epidemiologie Investigations 

niaisMti rilaiiaiin (IT. bancrofti) is an endemic disease of great preva- 
lence among the Okinawans.   Although elephantiasis was rarely seen, the per- 
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centiijfe of natives hmimring filarii» on night counts was high. It loot I exuniinn- 
tions made at night during April and May on about 1,1(00 Okiiiawnns showed 
20 percent positive smears. 

Dissections of mosquitoes were made in order to determine the vector or 
vectors of Hlariasis. Of 211 Culejc ijutntjuefaxciotim mosquitoes captured in a 
hospital ward for native Okinawans, where every patient had circulating micro- 
iilariac, an infection rate of 5.4 percent was found. Of ."»7 captured at a distance 
(unspecified) from native camps, none was infected. 

Simpson M found 4 of 40 female A. »inentis and 14 of 180 female C. quinque- 
fatciattM infected with filarial larvae and suggested that .1. ainetuin may be a 
possible vector of tilariasis on Okinawa and neighboring islands. 

Tlie danger of transmission of tilariasis to lroo|>s was localized to tlie area* 
in northern Okinawa where natives were concentrated and where troop strength 
was relatively low and well separated from natives, except for the AMG units 
working directly in tlie native camps. 

Dengnelike tHmw,-In lat« April and May, there were several thousand 
cases of illness, particularly among combat troops, characterized by an initial 
high temperature, often preceded by a chill, and leukopenia. Fever usually 
lasted 3 or 4 days, only occasionally with a secondary rise. Aching of back, 
joints, muscles, and eyeballs was a prominent feature of the illness. Sympto- 
matology and course was not unlike that seen in atypical dengue, but, in hun- 
dreds of cases, no rashes were observed. Atde* iwyypti aitd Aeden albopifitw* 
were encountered rarely. Lacking characteristic features of dengue, and lack- 
ing the known insect vectors of dengue in numbers sufficient to maintain an 
epidemic of this size, it was concluded that the illness observed was not dengue. 
It was officially recorded as "denguelike disease*' on the medical records. 

Jaffa B — rep he Htm—Japanese B encephalitis appeared on northern 
Okinawa and the small offshore islands of Heanxa Shima and Ilamahika in 
early July. A total of 38 cases with two deaths was reported among US. 
troops. At the same time, then were in all 127 cases reported among natives, 
with ■ fatality rate of 28.6 percent among the 91 cases on Okinawa, and *>.• 
percent among the 36 cases on the two islands. Only a lew cases were confirmed 
by laboratory diagnosis. The outbreak ended in late September. The efforts 
of preventive medicine personnel were at once directed toward limiting the ex- 
tent of this epidemic as much as possible. Nothing was known of its transmis- 
sion, except that a mosquito vector was suspected. Mosquito control activities 
on northern Okinawa, including "saturation*' plane spraying of all native 
campe, respraying of native dwellings with residual DDT, and ground con- 
trol work, were greatly intensified, malaria control personnel being moved north 
from southern parts of the island, and plane spraying schedules being modified 
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to givp more attention to the north. Vaccination of all military |icrsonnel on 
northern Okinawa» was curried out, using a mouse Inn in vaccine previously 
untried on humans. There was no evidence to indicate that the outbreak WHS 

affected in any way by the preventive activities curried out. nor on the other 
hand was there any evidence tocontradici the viewpoint that it mijrlit have lieen 
much worse had such measures not lieen taken. Sal »in " reported a detailed ac- 
count of the outbreak of Japanese li encephalitis on Okinawa. 
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CHAPTER IX 

Malaria and the Defense of Bataan 

Maj. Gen. James 0. Gillespie, MC, USA (Ret.) 

The surrender of tlie Filipino-American Forces at ltnlnan occurred, after 
4 months of defensive operation», on 9 April 1!M2. Defeat was inevitable 
because of the limited resources in men and materiel and inability to replenish 
them, but malaria and lack of food also played a significant role in the tragedy.1 

The will to fight was weakened and this hastened defeat. Complication* of 
disease led to appalling death rates in prison can>|>s. 

A brief review of the epidemiology of malaria, problems of malaria con- 
trol, medical war planning, and military operations may enable one to appre- 
ciate the devastating effects of disease and malnutrition on U.S. Forces, the 
enemy, civilian refugees, and Japanese-held prisoners of war during the 
long years of captivity. 

EPIDEMIOLOGY OF MALARIA 

The mountainous terrain and climate of Bataan provide ideal conditions 
for the propagation of the vector of malaria.1 From the two chief mountain 
masses on Bataan, numerous streams course in all directions toward Manila 
Bay and the China Sea. The transition from the higher altitudes to the flat 
and narrow coastal plain through the foothills insures a rapid flow of water 
in the streams. The rainfall is sufficiently adequate to maintain a large number 
of permanent streams through the dry season, which extends from November 
through May. These provide adequate breeding grounds and support pro- 
tective vegetation in which adult mosquitoes survive throughout the dry season. 

The chief vector of malaria in the Philippines is Anomkele* minim** 
fbrir—tri*.' This mosquito breeds most readily in the protected areas of 
rapidly flowing riven, streams, and irrigation ditches, preferring shady place» 
and clear, fresh water. Breeding does not normally occur in salt water, rice 
paddies, or in water above «jDOO feet altitude. Thus, malaria in Bataan, as 
throughout the Philippine«, is a disease contracted in the foothills, especially 
between the flat coastal plain and the higher ground below 3^000 feet altitude. 
Seasonal variations in the incidence of malaria an related to the effects of the 

» BMrirtt. r.: Trwv« «a Batata MM ky Malaria.   No* T«k Tfcaaa. IS A»r. im ►. S. 
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drying of the small tributaries of streams and irrigation canals and to t lie Hush- 
ing of the breeding grounds «luring I he heaviest rainfall. Thus, ltataan con- 
stituted u potent hazard for malarial infection during the season when mili- 
tary ojterat ions were feasible. 

PRE-WORLD WAR II MALARIA CONTROL MEASURES 

Ilefore World War II, malaria control measures in ltataan had not been 
impressive, although surveys had 'xlcnlilied the vector and ileterinined the inci- 
dence of malaria in the native population. 

In 1SKJ0, Headquarters, I'.S. Army. I'hilippiues. authorize«! malaria re- 
connaissance throughout the Islands to determine the locution «if maneuver 
areas of relative safety from malarial iufectiiui. Holt and Itussell carried out 
a rattier complete survey of Hntaan during l'.KU» and I'.Kll and include«! Cor- 
regidor in tlieir obnervntinns.4 Tliey collected m«)st|iiilo larvae, made IIKMMI 

film examinntioiis for malaria plasmodia. and determine«! splenic indices. 
Corregidor was fouml to be relatively free of malaria, but Kataan was fouml 
to harbor a large reservoir of disease. Splenic indices varied from '\ |>er«-ent 
in the villages of tlie flat east coastal plain of ltataan to over .'HI |iercent in 
the populated areas «if the foothills in the vicinity of Liinay, Lamao. Cala-ahen, 
Marivelea. Sisiman, ami Itagac. 

After llttft, the Malar» Control Division, Philippine Health Server, had 
carrie«l on demonstration» and local ctmtrol programs throughout the Philip- 
pines including ltataan Province.'' Tlie excessive co«t of this program liad 
imposed an insoluble problem, and only moilerate iirogres* had been made in 
the eradication of breeding areas. Military maneuvers involving small forces 
had been carried out in Bataan during the dry season for many years. The 
contracting of malaria had been an annually recurring phenomenon of varying 
magnitude. In 1910, the surgeon of the Philippine Division reported an 
appreciable lessening of the incidence of malaria in troops engaged in maneu- 
vers in rWaan.' He attributed this to proper use of mosquito bars and to a 
more careful select ion of campsites. He emphasised the importance of local ing 
sites, preferably on the beaches, in the coastal swampland*, or in rice paddies, 
und of avoiding the higher ground in tlie vicinity of rapidly flowing streams. 
Quinine prophylaxis was continued for 14 days after termination of the maneu- 
ver. The Philippine Division surgeon believed that it was impracticable to 
eradicate all of the potential breeding areas. Virtually no anlimnsquito con- 
trol measures were carried out by the Army in ltataan at any time. 
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MEDICAL WAR PLANNING 

Tlie developers of War Plan Orange—'I for I lie defense of Luzon envisioned 
an attack on the Philippines by n su|ierior enemy force, withdrawal of I'.S. 
Forces from central Luzon, fall of Manila, and delaying defensive action in 
lint nan to protect tlie key defenses of Corregidor until the arrival of naval 
reinforcements from the Ciiited States. The plan railed for a force of 4<UHH) 
men for the defense of Hainan and tlie removal of the civilian |M»pulaiiou ii|>oii 
outbreak of war. 

Prewar implementation of this plan in Hainan was meager indeed. This 
was due in part to the provisions of the National Defense Act passed by the- 
Philippine National Assembly in 1035, which authorized the formation of a 
400,000-man Filipino Army to assume the responsibility for defense in I Ml» 
when Philippine independence was to be achieved. Prewar preparation on 
Hainan included the storage of ammunition, fuel oils, and a limited quantity 
of canned food.7 Potential defense lines had been agreed upon, but no fortifi- 
cations had been built. Reliance for the control of malaria was vested in qui- 
nine prophylaxis rather than on an antimosquito control program. This was 
considered tlie only feasible procedure in view of the size of tlie peninsula, 
which measured 25 miles by 18 miles, most of which was favorable to the 
breeding of malarial mosquitoes. 

In May 1041, the Philippine Department surgeon appointed a hoard of 
officers at Steinberg General Hospital, Manila, to pre|Mire estimates of the 
quantities of antimalarial drugs needed, baaed upon tlie April revision of War 
Man Orange-:). Col. Ruf us I* Holt, MC, the president of the board, had had 
extensive experience studying the incidence of malaria throughout the Philip- 
pine Islands. Guided by his advice, estimates were prepared and submitted at 
• level 100 percent above anticipated requirements. 

Gen. Doughs MacArthnr, in July 1M1, expounded a more aggressive 
concept for the defense of the Philippines. One aspect of this concept was to 
defeat the enemy at the beaches rather than merely delay them to permit the 
withdrawal of troops to Bataan. Revision of medical plans during 1941 in- 
clnded requirements for the expansion of all Regular Army hospitals and 
plans for the construction of 10 station hospitals for the 10 Philippine Army 
division«, die relocation of the Philippine Department Medical Supply Depot 
from the port area in Manila to a less vulnerable spot at Qneaon City, and the 
construction of medical subdepoU at Tartae, Los Baftoa, and Cebn. On the 
basis of these considerations, requisitions were made to The Surgeon General 
for drags, medical supplies, and aid station and hospital equipment. Döring 
the fall of 1941, moderate quantities of medical supplies and the equipment 
of two general hospitals and live station hospitals were received. One general 
hospital was stored at a battalion post which had been constructed at Limay 
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to house the troops guarding military stores on Itatuan. This roust met ion 
was planned so that the utilities would he suitable for o|N*riumg rooms, 
laboratories, wards, and storage areas, Before tlie outbreak of war, :i tenlntive 
site was selected in the Real River Valley at kilometer |*>int lii-_'.">. near 
Cabcalien, for the location of an additional general hospital. Plans were also 
formulated for the development of a medical center in Manila of approximately 
3,000 beds as stabilized warfare was autiri|Mted.K 

MILITARY OPERATIONS 

There were 78,000 military and 6,000 civilian employees available in Luzon 
for defense wlien war Itegau on 8 December 1JM1; ft force more than twice as 
large as provided for by War Plan Orange-**). Also, tliere were approximately 
25,000 civilians in Itataan whose feeding and medical care became the resi>on- 
sibility of tlie military. 

The defense forces in Ijiizoii consisted of tlie Philippine Division (com- 
posed chiefly of Philippine Scouts), a I7.S. Army unit, nine partially mobilised 
Philippine Army Divisions, and miscellaneous U.S. Army troops. The Philip- 
pine Army Divisions varied from 4,000 to 6,000 men each and were organised 
into tlie North Luzon Force and the South Luzon Force with the mission of 
defeating tlie enemy at the beaches. The Philippine Division was immediately 
ordered into reserve in Bataan, and the Luzon Forces were moved forward 
to previously chosen sectors. The Japanese» Forces, supported by an over» 
whelming air force, succeeded in driving the Filipino-American Force« hack 
from the beaches and prevented them from establishing any successful de- 
fense positions in central Luzon. By late December 1M1, both of the Loam 
Forces had been forced to withdraw from southern and central Luani and 
were entering Hataan preceded by several thousand civilian».* During this 
phase of military operations, the effects of malaria on the troops were nagiigible» 

On 8 December 1041, the Philippine Department surgeon instructed the 
medical supply omcer of the Philippine Department to purchase all available 
antimalarial drugs, hospiial supplies, and equipment which could be procured 
in Manila, and a similar program was begun at Cebu. The amounts procured 
proved to be a valuable supplement to the limited stocks on hand. BemarfcaMa 
progress was made in the esuMishment of a hospital center in Manila, bat, in 
view of the rapid withdrawal of the Filipino-Ajoericau Forces, War Plan 
Oraage-S was placed in effect on 23 December 1941, and it became an urgent 
necessity to transfer all available medical resources to Bataan. On so Decem- 
ber, a medical cadre was transferred to Limay to establish General Hospital 
Number 1. On 2ft December, a similar cadre was transferred to kilometer 
point 1*&5, near Cabcaben, to establish General Hospital Number 2.   The 
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movement of medical supplies and equipment to Rat mm was accomplished 
during the period :£> December t« 31 December, inclusive. Approximately 100 
truck load* of medical supplies were moved by road, iiml many loirjres were 
sent both to Corregidor and Rataan. 

Unfortunately, much eqiii|Hiient and some drugs and medical supplies were 
abandoned in Manila liecause of limited time, extrem« congestion of the single 
road into Rataan, and limited shipping facilities. The Philippine Army medi- 
cal units lost much of their medical equipment and supplies during the early 
contact with tlie enemy and in their precipitate withdrawal to Rataan.10 The 
Philippine Army soldier was not provided with a mosquito Imr. Many of the 
IMS. soldiers wlio were provided with this item discarded it as they «-utisidered 
it to be a useless inconvenience. 

When tlie withdrawing Filipino-American Forces arrived in Rataan, they 
assumed a defense line across the northern part of tlie peninsula from Abucay 
on the east coast to Moron on t'te west coast (map '20). The central and 
western sectors of the defense line were mountainous, and the jungle was ex- 
tremely dense on the lower slopes. An all weather highway, located 15-20 
kilometers to the rear, connected the east and west roads at Filar and Ragec 
and provided an excellent route for the evacuation of casualties. 

Elements of the Japanese l\tk Army carried on a sustained frontal attack 
beginning early in January 1042, on the east side of the main line of resistance 
combined with penetration of the mountainous center and infiltration to the rear 
of units on the west coast (map 29). This caused the UÄ Forces to withdraw 
on 24-25 January 1042 to a new line through the waist of the peninsula, parallel 
to and slightly below the east-west Pilar-Ragao road. Use of this road was 
then precluded, and the development of trails and roads became mandatory to 
provide egress to the main east and west roads. The transportation of casual- 
ties from forward «tits to the general hospitals in the rear then posed an almost 
insolable problem. General Hospital Number 1 at Limay was abandoned, 
having come within range of Japanese artillery, and personnel and equipment 

! moved to Little Bagnio, kilometer 1*7, in the general vicinity of MariT-eJe*. 
The Japanese made repeated attacks during February with several penetra- 
i of the Filipino-American line and also attempted coastal landings to the 

south and rear. All of these efforts wet» defeated, and, by the latter part of 
February, the Japanesa Htk Army had become ineffective from casualtM* and 
disease and was withdrawn. Similarly, the Filipino-American Forces ware 
now in dire straits from disease and malnutrition. During March, the Japa- 
nese HA Army was reinforced with fresh troops and rerapplied while the 
Filipino-American Forces remained in position awaiting the final blow. This 
eame early in April and resulted in total collapse of the Rataan defense forces 
with surrender on 9 April 1942. 
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THE MALARIA PROBLEM 

One estimate, which wns prolmhly conservative, judged «lie niiinlier of «rases 
of malaria in Filipino-American Forces at the time of surrender, on !l April 
1042, to \r> 24,»H>0." Nu estinuiie is available of the iiiimlier of cases in civilian 
refugee« or in the Japnnese Forres on that «late. In a survey of 1,252 l.S. pa- 
tients at General Hospital Xtunlier 2, nuule 3 weeks after the surrender of 
But »mi. HIT (05 percent) gave a history of having lieen treated for malaria 
during tlie preceding 4 months.13 Early in March, the commanding officer of 
General Hospital Numher 2. had reimrted an estimated fit» (tenvnt incidence of 
malaria in ]iersoniiel assigned to tlie hospital. The ap|>alling death rate in 
Japanese-held prisoners of war during the first 0 mouths of captivity is further 
evidence of the catastrophic effects of infection contracted in Bataan. A sub- 
stantial number of these deaths is attributable to malaria. 

Malaria reconnaissance of Bataan before World War II had clearly demon- 
st rated that it was a formidable reservoir of malaria. Tlie mil itary situation re- 
quired the placement of some 80,000 troops and several thousand displaced 
civilians in areas of high malarial endemicity. Some of tlie military units were 
located on the flat coastal plain, immediately adjacent to Manila Hay, which is 
relatively free of malaria, lait tlie majority were located on higher ground 
within flight range of A. minhuwi farlrmtri» which preyed II|M>II a heavily in- 
fected native population. 

The civilian health authorities before 1041 had not been aide to carry out 
an effective control program in Bataan. The military |ienioiinel did IM* have 
the authority nor the resources to carry out an antimosquito campaign through- 
nut the entire extent of Bataan ami had planned to rely chiefly on prophylaxis 
and careful campsite selection for peacetime needs. Aside front a limited pro- 
gram of prophylaxis, no antimalaria control measures of any significance v.-ere 
carried out during the campaign. 

Quinine prophylaxis consisting of .650 gm. once daily was instituted for the 
Philippine Scouts of the Philippine Department upon their arrival in Bataan 
early in December 1941 and for service units working in the rear areas. The 
application of quinine prophylaxis to the Philippine Army divisions was not 
authorised because of an inauflti 'unit supply of quinine. Approximately 4,600,- 
000 five-grain (JM5 gm.) tablets of quinine mi I fat« wen available in the Phil ip- 
pine Department Medical Supply Depot at the outbreak of war. Thia was only 
■uaVient for 310 days' prophylaxiaon the bask of 10 grains ( JUO gm.) of quinine 
per man per day. In spite of the lark of a formal program of prophylaxis 
for the Philippine Army, many of the offcers and men procured suaVient 
quinine for their personal use. The limited program of prophylaxis was 
hampered by inaccessibility of units, dinVulty in medical supervision, and aus- 
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tained combat. Many breaks in quinine discipline occurred. After 15 Febru- 
ary UH2, quinine prophylaxis had virtually ceased ex.vpt for iiei-sonncl of the 
general hospitals, certain rear service units, and division, corps, and force 
headquarters." 

The diagnosis of malaria in the general hospitals in Bataan was made by 
the demonstration of the phtsmodia in stained blood tilms. Positive film diag- 
nosis was Imsed on tlie pivsence of standard, well-<lociimented, identilication 
characteristics of the individual s|iecies. Approximately 60 percent of the 
blood tilms were |>ositive for Pla*nuMl'onn rirtw. 515 |iercent for I'htxmodiuia 
ftifri/Mirtim, anil 5 percent for both types of VlnumttAUt. An o casional 
case of quartan malaria was diagnosed. It is likely that blood films 
taken earlier in the course of malaria and at frequently repeated intervals 
would have resulted in the finding of a higher incidence of mixed infections. 
Limited facilities precluded more compreliensive studies but were sufficient 
for fairly adequate screening until the final chaotic days preceding surrender. 
The degree of parasitemia in tlie falriparnm cases was strikingly more evident 
when contrasted with the number of plasmodial forms seen in |MMtitive rirajr 
blood films." Microscopes were not available in the forward medical units 
initially, but, for a limited period, a few were provided as tlie military oper- 
ations stabilised. On the whole, in the forward areas, reliance liad to be placed 
on clinical acumen for diagnosis. 

The treatment of malaria in vogue in 1041 consisted of 2 gm. of quinine 
sulfate daily by mouth for 5 days followed by .030 gm. of Plasmochin naph- 
thoate (pamaquine naphthoate) daily in three divided doses for ß to 7 days, 
Atabrine was an acceptable substitute for quinine. The long quinine treat- 
ment calling for .650 gm. of quinine daily for 8 weeks, after the initial 5-day 
treatment of the acute phase, was considered effective but diflk-ult to supervise. 
The short quinine treatment consisting of 1 gm. to 1.3 gm. of quinine daily for 
4 to 7 days, repeating for relapses, was considered to be acceptable in that it 
avoided the disadvantages of prolonged quinine therapy and was fairly suc- 
cessful. As Plasmochin and Atabrine were available only in limited amounts, 
a short quinine treatment was most commonly prescribed. 

IMPACT ON DEFENSE FORCES 

The deleterious effects of malaria on the troops in Bataan became strik- 
ingly evident in February IMS and were aggravated by the universal state of 
malnutrition. Within less than 1 month after the outbreak of war, 8 December 
1941, the defense forces were confronted with an acute food shortage. On 
ft January IMS, the entire force was placed on half rations. The basic in- 
gredient, of necessity, was rice, mostly of a poor quality.   This was supple- 
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mentetl Ity small amounts of while Hour, canned goods (salmon, meat, 
tomatoes), evaporated milk, and irregular issues of fresh rural mo. Tea, coffee, 
sugar, and butter were unavailable after 1 month. The ration was grossly 
deficient in protein, fat. and vitamins. It provided a maximum of 2.<MM> 
calories in January, gradually diminishing to 1,000 calories by early March 
and almost to the vanishing point by 1 April VM'2. 

The ill effects of seiiiistiirvation on the troops had IM-COIIIC critical by late 
February 1942. The Surgeon of the Advance Erlielon of I.'SAFFE (V.S. 
Army Forces in the Far East), liataau. advised the Surgeon, I'SAFFE, on 
Corregidor, in a memorandum dated 27 February VM'2, that the diet of troops 
on Bataan was grossly deficient and urged increased allowances of beef, vege- 
tables, milk and the procurement, if |>ossible, of native fruits and vegetables, 
and in their alwence the procurement of vitamin supplements. 

By tlie third month of of »rat ions, weight loss in the range of 20 to :>0 
pounds was commonplace. Men complained of weakness, lassitude, lack of en- 
durance, and shortness of breath. Moderate exertion caused tachycardia and 
palpitation. Those nominally listed as effective for combat could not engage 
in sustained exertion, so it became increasingly difficult to accomplish necessary 
work on airstrips, maintenance of roads, clearing of trails, hand carrying of 
supplies over mountainous terrain, and patrol activities. Gradually, i lie high 
morale ami confidence of January was replaced by a loss of spirit and apathy. 
Dire predictions for the future could lie Iteard. To lessen the morale further, 
the men began to note swelling of the ankles with pitting on pressure which 
was particularly evident toward evening. Tlie pangs of hunger became more 
insistent. 

Beginning about mid-February 1942, the sickness rate began to rise 
abruptly. The majority of patients were medical cases suffering from malaria 
or dysentery and snowing evidences of malnutrition and avitaminosis. Some 
showed loss of subcutaneous fat and muscle wasting. Others appeared with 
• considerable degree of edema of the lower extremities. A few patients from 
isolated units who had undergone more severe deprivations showed marked 
peripheral neuritis with footdrop and wristdrop. Patients with wounds and 
fractures began to show a slower rate of healiag." 

Up to ths Ant week in March 1948, the evacuation of the sick and wounded 
had been accomplished in an orderly fashion. Certain patients who ordinarily 
would have been transferred to the general hospitals had been treated by medi- 
cal units because of inaccessibility to motor vehicles. The general hospitals 
had expanded to meet the continually increasing demand for beds through 
the device of manufacturing bamboo cots and clearing larger areas of the 
jungle to provide space for them. Then, beginning approximately 7 March 
1M2, patients by the hundreds began to arrive daily at the rear hospitals. 
Most of them appeared to be suffering from malaria.   Shortage of quinine 
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then required tit«" adoption of a modified short quinine therapy utilising 15 
gm. or less of quinine rather than the standard treatment of JIT» or 40 gm. 

Admissions for cerebral malaria I »era me evident early in March li>42. 
These were chiefly men f rom isolated units wh» were in unusually |MN>r physical 
condition from stress and malnutrition and for whom medical attention was 
not available. The number of these CIIHPW reaching the general hospitals was 
not large: in all they did not exceed UNI <-iise>-. Cerebral manifestations of 
malaria were usually associated with /'. fti/rt/wrmu. The syni|itoiiiatology 
was variable but frequently ap|iearei1 with coma and a shocklike state or with 
delirium, convulsions, ami maniacal reactions. Ites|M>iises to intravenous 
quinine was dramatic More often the lack of that item required tlte admin- 
istration of :t or 4 gm. of quinine sttlfate by stomach tube. I'sually the mental 
component of the disease was relieved in •'! or 4 days. 

Malarial patients who were severely depleted from diarrhea and malnu- 
trition «lid not res | tot id well to massive antimalariu therapy. Occasional 
patients receiving 2 gm. of quinine sulfate daily by mouth continued to have 
fever and positive blood films. Other individuals on suppress! ve tlierapy of 
.650 gm. of quinine daily devekqird chills and fever and |»ositive blood films. 
The same phenomena were noted frequently at prison camps during the 
summer of 1042. One case of black water fever was seen at General Hospital 
Number 2 in a civilian who lived in Jtataan. Two cases in Japanese-held 
prisoners of war (one British and one Dutch) were seen during IJMS in a prison 
ramp in Formosa. 

Early in March 1942, Col. Arthur F. Fischer, USAR, while convalescing 
from malaria in Rataan, called the attention of Maj. Gen. Jonathan M. Wain- 
wright's headquarters to 100,000 kilograms of high-grade quinine bark avail- 
able in Mindanao, from which totaquine could be extracted.** Dr. Fischer had 
pioneered the introduction of cinchona into the Philippines and had worked 
with that program for 18 years. He was Down to Mindanao for the purpose of 
beginning large-scale extraction of the quinine bark. Penetration of the ana 
by Japanese Forces prevented completion of the project, and Dr. Fischer was 
lawn to Australia carrying seeds for the establishment of cinchona planta- 
tions in Sonth America. 

The catastrophic impact of disease and aemistarvation on the combat ef- 
fectiveness of the Filipino-American Force in Rataan was recognised to be of 
the atmest gravity by all levels of staff and command. On 10 March IMS, 
the iiiimmsiiiliiig omoar of General Hospital Number 2, directed a letter re- 
garding malaria control to the Surgeon, Philippine Department, a portion of 
which is quoted. 

I wi«H like t» pniat «nit a aravr pruMw unrtaiataa' tw the Medical Unartaeat 
■Ml the I'KAITK. Malaria I» rapidly larpmaliR: m<mr XI» nun* were aader trratawat 
la tab km**tal a« «if Man-a mh.   The artatb«lMi rale I« atamlaa, miar a» pattest« 
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arriving March !Nh. Most of these nr«> IIKHIII-»! HIIII n large pro|Hirtioii have 
malaria * * *. Quinine prophylaxis having stop|ic<l we iintlcl|»ite «tlillllininl huuilrcils 
or even thousand» of «-uses * * *. We are urgently in need of a Irenieiitlciiis slm-U 
of <|iilnine fur treatment ami prophylaxis. The General Staff should umlersluml HM> 

extreme gravity nf the malaria problem ami give priority to quinine nliove that »f any 
other critical item, tf the malaria situation Is not drought miller control the ctflciency 
of the whole Army will lie greatly ini|iairetl: iu fat-t it will lie tiunlile to iierform it« 
comltat fmietions. It IK my caiullil anil miiM-rvatlre opinion thill if we do not secure 
a »unVlcm sn|iply of quinine for our troo|« from front to rear that all other supplies 
we uuiy get, with the exception of rations, will lie of little or no value. 

The USAFFE Surgeon, Corregidor, in a inemornn<luin to the» Assistant 
Chief of SUIT, G-4 (logistics). CSAFFK, on £> March 1042, stated tltat there 
were. Il.tlOO cases of malaria in Italuah in« I that the niimliers were incrcitsing nl 
nn alarming rate. lie referreil to the extremely high iioiiefleclive rule in 
combat units anil recommended that '\ million quinine tablets be sent from 
Australia by air at once with a like quantity thereafter each month. 

To deal with tlie overwhelming H<MM1 of |mtients in the forward units anil 
to relieve pressure on tlie general hospitals, tlie Surgeon, Luzon Force, early 
in March, directed that lmttalion aid stations and clearing and collecting 
companies assume tlie res|xHisihility for the treatment of all patients exce|>t 
those whose condition was of tlte utmost gravity." The aid stations were 
expanded to 200 to 300 lieds (hamlioo construction) while tlie clearing and 
collecting companies handled from 0110 to 000 patients each. 

The Surgeon, Luzon Force, reported on '£\ .March WH2, in a letter to t!ie 
commanding general, that (lie daily admission rate for malaria had readied fits» 
to 700 cases and that tlie available supply of quinine at the medical depot in 
Bataan was sufficient, using a sliort course of treatment, only for approximately 
10,000 cases of malaria. He »ntioijmted exhaustion of tlie stock in 3 or 4 weeks 
and predicted a mortality rate of 7 to 10 percent in untreated cases. Kxt reme 
concern was expressed regarding the sharply rising noneffective rate in relation 
to combat potentialities of the Force. Writing to tlie Chief of Staff. 1'SFIP 
(UÄ Forces in the Philippines), on 31 March, the Chief of Staff, Logon Force, 
referred to a malaria admission rale reaching 1 jOOO cases daily and to tlie im- 
minent loss of combat effectiveness. 

By the end of March, some 7,1)00 patients were hnspitaliird in «*ne forward 
medical units, a men mile or so behind the main line of resistance. These 
ray reunited only those who were severely incapacitated. Actmlly. at least NO 
percent of the troops had heroine unfit for duty. One regimental surgeon de- 
scribed the situation as follows:" 

To fjve aa acrarate wors-ptrtar» of raariMhm* aa taejr artaally esMeo at la» Haw 
taataMltatrtj peecedbajf la» mm mtii i «r oar form <• Hataaa woald lax the dtatrlptWe 
powers of a rhetorical geala*, hat ia sinnir language, ahavmt every man la Hataaa waa 
—■Tulas, aot oaly tnrm the effect» of protons**1 starvation, bat aba» fro« one «a- both of the 
Mute tatvetton* that piagard an thronghniit the i«Bu»alga, via. dysentery awl malaria.   I 
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have neen men hrotiKht Into the battalion »Id stations mill illc »( tin overwhelming Infection 
of dysentery or eerelirnl malaria liefore they conlil lie limited and eliiKalBed for evacuation. 
Of the xtl|>|N»<cdly well men In the Held, all wore thin and weak from starvation. Many 
were swollen with nutritional edema; i» large iiercenlage were nale and anemic from 
reipcatcd attacks of inaluria or dysentery. 

As early as January 1!14:J, General Mac Arthur bad made urgent requests to 
the Chief of Stuff, I\S. Army, for focMl an<l medical supplies to be sent through 
the Japanese blockade by any possible means. General Wainwright in March 
reiterated the extreme urgency »f his rei|iiireinents for lioth items and, in 
response. Gen. (later General of the Army) George C. Marshall. Chief of Staff, 
requested that inaximiim amounts of quinine lie sent from Australia by air. 
This could not lie accomplished, but 1 million tablets of quinine sulfate were 
brought by air from the medical depot at Cebu to Hainan. This supplement 
proved to be sufficient to provide at least it short ty|ie of therapy, and no hospi- 
talize«! iwitients were denied quinine liefore surrender. Tl«e death rate from 
malaria before capitulation tlierefore was extremely low. 

When the final Japanese attack began on 3 April 1042, it became impera- 
tive to move all patients from forward medical units to the rear hospitals. 
Approximately five thousand patients were absorbed at General Hospital Num- 
ber 2 between 5 April and 8 April; other thousands were directed to a convales- 
cent camp in its vicinity.1* On 0 April 1042, all surviving members of the 
Filipino-American defense force, including patients and medical personnel, 
were categorised as captives and thereafter were required to submit to t lie orders 
of the Imperial Japanese Army. 

IMPACT ON CIVILIAN REFUGEES 

The situation of the several thousand civilian refugees behind the Filipino- 
American lines became increasingly desperate during the period 7 January to 
9 April 1042. Most of these refugees were located in the Limay-Mariveles- 
Caheaben areas which previously had been established as regions of severe 
malarial infection. There they lived in refugee camps and were issued the 
same meager rations as the Army received. Medical attention was provided 
by refugee Philipino physicians in crudely improvised hospitals. These people 
were without protection from malarial mosquitoes, and they suffered severely 
from malaria having no antimalarial drugs for treatment. These unfortunates 
were often threatened by bombing raids on nearby villages and military instal- 
lations. Many were wounded and killed. 

A mam evacuation from Bataan of refugees and Filipino military patients 
began immediately following capitulation on 0 April 1042. These individuals 
trudged along the east road leading out of Italian. Many of them were ill 
with malaria and dysentery. Among them were old men, women, and children, 
carrying their total possessions in assorted bundles, bags, and cans.   The pro- 
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cession continued for days. Often, the seriously ill would full liy «he roadside 
to die, and after a few days several hundred bodies could lie counted alonfr the 
road between Cabcaben and Limay. 

The disruptions caused by war resulted in a considerable increase in the 
incidence of malaria in Bataan and adjacent provim-en after the conclusion of 
the campaign in 1042. This was brought about by the huge increase in the 
numbers of human carriers who had become infected and for whom proper 
treatment was not available, and by the complete breakdown of control meas- 
ures. Studies made on the civilian refugee population evacuated from Human 
in 1942 showed a large increase in the malaria rate, and it was noted that the 
disease was more difficult to treat with the higher death rate. Over 24.000 
cases of malaria were diagnosed in civilian emergency hospitals in Hataan and 
surrounding provinces during the fall of 1942.*° The overall mortality rate 
was 2.2 percent. Before the war in 1941, the fatality rate in the same provinces 
had been 0.64 percent. An intensive malaria control program was carried on in 
Bataan from 1942-44 by direction of the Japanese military command. 

IMPACT ON THE JAPANESE FORCES 

The impact of malaria on the Japanese Forces can only be partially docu- 
mented. The Japanese Army had planned for a quick operation in Rataan, 
expecting to overcome the Filipino-American troops in a week or 10 days. 
When they met with firm resistance which continued during January and 
February, their troops began to suffer from some of the same deprivations and 
diseases which harassed the Filipino-American Forces. The Japanese ration 
for their troops on Bataan was meager, although it did not reach the low 
point of the Filipino-American ration. The Japanese were exposed to the 
aame hazards from malaria, diarrhea, and dysentery. By mid-February, the 
Japanese Htk Army was definitely depleted, chiefly from malaria." An 
interpreter who served with the Japanese i^th Army in Bataan stated to the 
senior Japanese-held IJJS. medical oflicer in July 1942, that the Cabanataan 
prison camp situation, where over .%000 seriously in Americans wen incar- 
cerated, reminded him of the iUnem suffered by the Japanese troop« in Bataan 
He asserted that in some units of the Japanese Army the noneffcctive rate 
from malaria and dysentery reached 99 percent and that the death rate from 
malaria was vary high. He stated that the former UJ3. military hospital, 
Steinberg General Hospital, was packed to capacity with Japanese soldier* 
who had become ill in Bataan. 

On 10 April 1942, a Japanese guard of SO men was assigned to General 
Hospital Number 2.  Approximately flO percent of these soldiers were acutely 
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ill with iiialuriu Mithin :t weeks. No medii-nlion was provided for them l>y the 
Japaner Army. They were treated however, by l".S. medical officers at I he 
direction of the Japanese Army. It was estimated by Ilorifftichi. surgeon of 
the Japanese l.',th A run/, that 111.4 M MI to 12.1 Ml Japanese soldiers were ill with 
malaria, dysentery, and lierilieri in February l'M'2 and that less than ;J,(K>0 
effective men remained. TIM> Japanese l.'tth Army had begun their campaign 
with only 1 month's supply of <|iiinine. and in January its use for prophylaxis 
was discontinued except for frontline tn*»|»s: after In March. i|iiiuiiie was 
available to tliein oidy for therapy. Thus, it seems clear that »lie lirm resistance 
of the Filipino-American Forces in Hntann, combined with extensive infesta- 
tion of tlie Japanese troops with malaria, resulted in an ii|*>euiiiit of the 
Japanese timetable for the prosecution of the war in the Philippines. This 
was a siguinVniit matter as Japanese troo|>s had to withdraw from Singn|Nire 
to complete the campaign in Batumi. 

IMPACT ON THE FILIPINO-AMERICAN PRISONERS OF WAR 

The traffic story of (lie apimlling loss of life in the Filipino-American 
Forces after the surrender is directly related to malnutrition and disease ex- 
perienced in lialaan. Malaria contributed significantly to the impressive 
mortality. Otlier significant factors included prolonged marches to the prison 
camps in tropical heat, inadequate food, lack of potable water, lack of medical 
supplies, deplorable sanitär)- conditions, extreme overcrowding, ami overwork. 
Twenty-nine thousand five hundred eighty-nine death* occurred in 1042 at 
("amp O'Donnel I in Ja|Miiese-]ield prisoners of war from 1 lataau. Six thousand 
one hundred twenty-nine (30.7 percent) clinically were attributed to malaria." 
Four hundred ninety-eight deaths occurred in UÄ prisoners at Cabanatuan 
Prisoner-of-War Camp Number 1 during June 1042. One hundred twenty- 
eight were diagnosed as caused by malaria. During July 104:2 in the same 
camp 780 TTJS. prisoners died. Beginning approximately 1 August 1948, 
ivmcient quinine was provided by the Japanese to treat 1.0110 cases of active 
malaria, using 14 gm. of quinine sulfate per patient." Deaths decreased to 
S40 during the month of August, On 31 August 1042, the senior Japanese-held 
UÄ medical prisoner of war requested in a letter to the Japanese camp com- 
mander, Cabanatuan Prisoner-of-War Camp Number I, that 7fiOjM)0 3-grain 
tablets of quinine sulfate be furnished to treat an estimated 3,110 cases of 
malaria. The quantity desired was not obtained, and needless deaths con- 
tinued. Two thousand four hundred deaths occurred in Japanese held CS. 
prisoner* of war at Cabanatuan Prisoner-of-War Camp Number 1 from 1 
June to 1 December 1042. Approximately 25 |terrent of these deaths clinically 
were attributed to malaria. 
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Japanese-held prisoners of wur in llu> IMiilippincs were sulijirlril ID IIII ex- 
treme, degree of stress during tlie first l> months of captivity. Semistiirviitio», 
begun in Hainan, continued for nmny monlIts after cu|>turc. Nutritional 
edema (wet. IMTIIMTI), multiple nvitnniiiiosis. Iiiiriiiiijr feet syndrome, mid 
pellagra affected !).r> |M>rceiil of prisoner* to u jjreiitcr or less ikgrcc. I >iurrlien) 
conditions, including specific dysenteries, were commonplace. Two hundred 
twenty-three prisoners contracted diplitlicriit la»tweeii ID June and K Aiipist 
l!4'i at Calmnahian IVistuictr-of-Wiir <'amp Number I. Ninety-one of diese. 
died. Men depleted l»y such a variety of conditions did not. resjMHtd to anti- 
malarial drug* in tlie ninnner observed in hcnllliy individuals. Tlie failure 
to res|x»id may nave lieen due to |MM>T al»sor|Minn of quinine from die gastro- 
intestinal tract. When intravenous quinine was given. res|M>nse was satis- 
factory.  Unfortunately, almost nime was available. 

Tlie protean manifestations of malaria in the prison citnips caused much 
confusion in tlie presence of dysentery ami malnutrition with avilaminosi*. 
Oastmintestinal syni|rfoms such as nausea, vianiling. and severe diarrliea were 
frequent in proved cases of malaria. Others showed synqitomM of acute 
apiwiMlicitis or otlier acute abdominal crises. These were MMHI recognized a» 
manifestation* of malaria requiring search of a blond film for plasinodia us 
the most important laboratory prwedure. Kes|MHise to antimalaria therapy 
often was dramatic in these cases. 

Throughout more than :i years of ca|<t ivily, malaria recurrences were very 
frequent in prisnneni in the l*1iili|qiines, Fonrnwa, J»|wn, ami Manchuria. 
A few individual)« had aa many as #1 rcla|>scs. As a cause of death, malaria 
became lean important during HM.T-44 not only heranse of the better con- 
dition« of diet and improved therapy but also Iwcause of the tremendous death 
rat« which had eliminated tlie most severely ill. As late as IMS, an appreci- 
able number of prisonem of war were suffering from malaria reta|Mr«. 

COMMENT 

The defeat of the Filipino-American Forces in the ItiilipuineM undoubtedly 
was battened by tlie rood it ion» result in* from a «rm »starvation ration with the 
additional deletarioun effect* from common diarrheas, dysentery, and malaria. 
Hie Surgeon, Laaon Force, expressed his opinion aa follows: 

Tea caattatatkai of I wmn FWrr rinrimst« la aaaajr rmaertu a «vital «ae hi i 
aai atanattm rather tfcm t» Mllitarjr nNHUtlum. Malaatrltt»«. atalarla. ana hKnrtlaal 
haVKtaaa and reaataa1 the raathat ifcltai «r nar force* ■»« lhaa T3 pvrrau. The 
■ataaa «aataalea ni heat he airrthed as a canajailia «i attrition, a caaiualtw la whlrh 
caaaaaHtflan wtthoat wateatahau at was the rale. The |*jr>4c»l MMM «t ntur IFISHJM 

waa a* airlomljr Intiatml Hy 1 Marrh thai It Wiaaw a determlaia* factor la lacthal 
•Bvratloa«. rroai that aate «award Ihr pejmlml drterinratsm <rf oar fom-s waa n raiM 
that ay 3 April a »am infill «XVasIrr «taail was a« In—rr pmiHllite." 
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CHAPTER X 

The Southwest Pacific Area 

Thomas A. Hart, Ph. D., and Col. William H. Hardenbergh, MSC, 
VSAR (Ret.) 

Malaria was nne of the chief medical ami military problems for U.S. 
Army troops in SWPA (Southwest Pacific Area) during World War II. 
Until the middle of 11)4.1, malaria incidence was so great that it seriously 
handicapped military operations. During the 6 months from Octolier VM2 to 
April 1SH3, there were approximately 10 times as many hospital admissions 
for malaria as for battle casualties, and a majority of the Allied divisions in 
the theater were incapable of effective military use.1 The malaria incidence 
reached its peak in February 194ft:' after February of that year, there was 
a steady decline due, primarily, to the creation and the operation of an effective 
antimalaria organization. Despite tlie fact that military operations continued 
throughout the war in areas where the disease was highly endemic, malaria did 
not thereafter handicap military operations. The organization created in 1943 
functioned effectively in malaria control throughout the remainder of tlie war 
in the Southwest Pacific. 

A most important aspect of the problem of malaria control in SWPA 
was that any measures taken had to he applicable to an Allied force, not merely 
to the YJS. Army. Particularly in the first 2 years of this theater's experience, 
moat bases in malarious areas contained VS. Army, Australian Army, Aus- 
tralian Air Force, and often Navy detachments of Iwth countries. Uniformity 
of area antimoequito measures and uniformity of malaria discipline of troops 
wen found to be essential. 

At the outset of World War II, knowledge regarding the prevention of 
auch endemic diseases as malaria was available and the VS. Army had had 
experience in the malarious areas of the Philippines and in Panama, but the 
mechanics and procedures for the protection of large bodies of troops in highly 
and—lie areas had not been developed. Combat commanders were very slow 
to recognise the scope of the problems and to heed medical advice for carry- 
ing out protective procedures. Blame for the high noneffert ivt rate was often 
placed on the unit surgeons. Many or most of these had never seen a ease 
of malaria, even in medical school, and in addition, they did not have the 
authority to enforce adequate antimalaria measures, even in their own units. 

' War Deaartawat Oreatar N.. S33, II Scat. IMS. 
'MaatMr Pragma Uraart, Anajr Serrlee 1'wm, War Draartamt, si Jaljr 1*44, Bcftlaa 7: 

Health, a. 10. 
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Another early handicap was the |M>licy of tlie combat conihiiiiulei-s Hint 
orders should not lie explained to the troops. Since, mirier the conditions 
existing in this theater, troop education and cooperation were essential, no 
adequate program of malaria control could at first lie enforced. In addition, 
unit commanders in the parly «lays of the war often flagrantly disregarded 
such malaria control orders as those requiring the wearing of shirts and leg- 
gings during certain hours, thereby making enforcement of such orders practi- 
cally impossible. 

After the evacuation of the Philippines, the Australian mainland was 
organized as a base for the campaign northward. In 1!M2, the military or- 
ganization of SWPA provided for seven Imse sections and one advanced base 
section. The seven base sect ions were all in Australia, with headquarter» as fol- 
lows: Base Section 1, Darwin; 2. Townsville; 3, Brisbane; 4, Melbourne; ft, 
Adelaide; 6, Perth; and 7, Sydney. The advance base section included New 
Guinea and adjacent territory. The first sizable complement of U.S. troops 
arrived in four transports in December 1042. 

Many of these troops had been serving in malarious areas, and tliere »vere 
numbers of cases of malaria among them. Though malaria was not a problem 
of much magnitude in Australia, the entire Queensland littoral was infested 
with anophelines. In many localities, a local endemic was readily possible if 
the reservoir of infection were suflcently great. Actually, the problem was 
treated by the Australian Government as a major one. and involved all troop 
and individual assignments to the Northern Territory especially, throughout 
the first 2 years of the war. The protection of Australia against malaria was 
one facet of a broader problem; that is, the logical insistence of the Australian 
Government on the protection of Australia against introduced tropical diseases, 
as well as smallpox. Regulations governing the introduction of malaria- 
infected troops into potentially malarious areas were enforced, and extensive 
measures were taken in Townsville and south of Townsville to control mos- 
quitoes in the environs of American hospitals. By cooperation with Australian 
health authorities and through medication, the threat imposed by the arrival 
of these infected troops was controlled. 

Decease malaria was not common in Australia, few cases were reported 
among troops stationed on the mainland—probably not more than 12 cases 
daring IMS, all north of Townsville. There were a good many cases reported 
in base sections, bat practically all were among troops or patients transferred 
from New Guinea. 

Meanwhile, malaria incidence was increasing among troops in New Guinea. 
The rate rose in close correspondence with the movement of troops to New 
Guinea. The malaria rate for New Guinea in October 1042 was less than 300 
per 1,000 men per annum, and, for this theater as a whole, it was about 40.   In 
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December lit-kJ, (lie rate for New Guinea increased to nearly 000 and for the 
entire theater to approximately 2M.3 

Tims, during the closing «luv« of VM2 and the early {Hirt, of 11)4:1, malaria 
had shown itself to be a very serious threat to the success of our military obl- 
ations in the Southwest 1'acific. It was realized also that the problem would 
be intensified us more troops moved northward into more highly malarious 
areas. The U.S. Army in this theater lacked the three necessities to conquer 
the problem: (1) A full appreciation by the various commanders of the nature 
and scope of the problem and of the part that they must play in controlling it; 
(2) an organization, adequate in skill and in autliority. to control malaria: 
and (•*>) adequate ant imalaria supplies in the forward area», due to failure of t lie 
theater at first to assign necessary priorities of shipment from the I'niied 
States and locally. 

AREA CHARACTERISTICS 

New Guinea 

Phyaiagraahy.—Tlw island of New Guinea its roughly lJHIU miles long 
Slid 400 miles wide. A massive mountain backbone runs centrally along it* 
length. Although tlie western tip of tlie island lies on the Equator, many 
peaks are snowcapped throughout the year. 

South of the central mountain range is a vast low flat land, honeycombed 
with rivers, swamps, and high rain forest jungle. The southern coast for the 
most part is lined with impenetrable mangrove swamps, hacked up inland by 
broad nipa palm swamps. Other inland swamps are covered with grass several 
feet high (kunai grass) and, when viewed from the air, appear to be grassy 
plains (fig. M). 

North of tlie central range are parallel mountain groups lying along the 
coast. The fertile inland valleys are drained by large rivers, such as the Fly, 
Mamberamo, Sepik, Kamu, and Markham. Swamps are found along tlie u|>|ier 
reaches of these rivers, and at their mouths. 

The mountains are covered with dense tropical rain forest. Secondary 
growth of tall grasses and scrub replace forests which liave been burned off in 
the valleys and plains to provide land for temporary cultivation. Although 
some areas ham been planted with rubber and coconut tree«, lees than 1 per- 
cent of New Guinea is under cultivation. 

Along the coast, there is little variation in temperature and humidity. 
The temperature averages 80° F., with local means ranging from 77° to S30 F. 
The humidity averages 85 percent, with local means ranging from 70 to 05 
percent. Above 2,000 feet, temperate climate* are encountered. 

•Moaiklj Proem« »port. Arajr Servier For**«, War Departatcar, r.l Jnlj lMi, s*nl»i 7: 
Hmltk. ». (I. 
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KKHK M.—0|«ii ilma with «nuwjr anqrilu, In »ll*ht »*»»*■, a tj|4nl binilia» 
plan» f«r Amt§tluhn fmrmmli. 17th Malaria Hnrrrjr fall, Nrw llalam. 

The annual precipitation range« from about 40 inches per year at I*>rt 
Moresby to over 300 indie« in the mountains. The season of maximal rainfall 
ako varies from place to place. This seasonal variation is due to the two mon- 
aoons (northwest monsoon—November to May; sontlieast monsoon—May to 
October) ai.-l to the particular exposure or lack of exposure of various areas 
to these monsoons, (ienerally speaking, the heaviest rainfall occurs on the 
windward side of the mountain where t lie rain clouds are trapped. 

Malaria is hyperendemic in coastal areas ami at altitudes up to sJjdOO to 
MOO feet. 

Since there are daily rains in many areas even during the "dry" «aeon, 
mosquito breeding and malaria transmission may continue throughout the 
year, but then is an increased incidence at the beginning and end of the rainy 
season. When the soil is suAciently porous, breeding places may exist only 
during the ssason of heaviest rains. 

Wherever surface water drainage is poor tiecause of high subsoil water 
b> *»l or non|M>rous soil, mosquito breeding is most prolihY. This is es|iei'ially 
true in river valley lowlands ami in coastal swampy area». TIM> haliits of the 
two important malaria vectors are such that ihr mosquitoes take quick ail- 
vantage of nmnmade breeding idaces. This explains the occurrence of "man- 
made malaria" in this ana. 
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Falcipamm malaria prevails on Xew Guinea, although there is considerable 
variation from place to place. Virus malaria is als« common. Quartan malaria 
is seen infrequently, but a small focus existed at one time between Morohe and 
lluna on the MamUire River. 

The cleanup of vegetation for camp and airfield const met ion is likely 
to be attended by a sudden increase of malarial vectors, which aiv sunlight 
breeders, unless s|iecinl care is taken to minimize, the «i-urrenee of artificial 
depressions in which they may collect (map .10)/ 

Ranee of aaalaria. In New Guinea, malaria is endemic to hy|M»reiidemie 
throughout tlie coastal district and the smaller islands. In areas with well- 
marked dry seasons, such as Port Moresby, which are ex|m*ed to the full force 
of the southeast trade winds, on tlie south <*oast of New Guinea, malaria shows 
a marked seasonal incidence, with transmission being at its maximum shortly 
after the end of tlie wet season and minimal or absent during the later part 
of the dry season. In more sheltered situations, transmission is perennial, 
though it may fall oft* wlien tlie breeding grounds are flushed out by heavy 
storms during tlie summer. Malaria appears to be absent from tlie higher 
inland country at an altitude of :v,»mo to 4,000 feet or more, but in high altitudes, 
fatigue and rigors of travel are particularly liable to provoke relapses of in- 
fection contracted on tlie coast. In limited areas, tliat is, Port Moresby, 
Samurai, and Rabaul, a considerable degree of control liad been formerly es- 
tablished, but it had lapsed with the Japanese invasion. Even in the Port 
Moresby area, though there had been much work done for malaria control, 
the Australian troops stationed in that area from January to June 1943 
•offered an infection rate of approximately 50 percent.* 

Tiwut, fold pant*, and quartan malaria are all present in New Guinea, 
the proportions varying in different areas and in different seasons, but fulcip- 
•mm infection« predominate. The effect of malaria is greatest among newly 
arrived Europeans, and high mortality and morbidity rates are encountered 
among them. The arrival of Europeans in a given area is usually fallowed 
by an increase in the virulence of the disease, and in turn this increased viru- 
lence adversely affects the nonimmnne native population. In 1040, between 
14 and J» percent of all European hospital admissions were for malaria and 
Mackwater fever. The spleen rate among the natives was between 25 and 80 
percent, bat in some region«, almost 100 percent of the natives had malaria. 
The peaks of the malaria season usually occur in January and February, and 
in May and June. The spleen indices in the various districts of the New 
Guinea nminland (1996-37) were as follows: Sepik District: 43.1; Madang 
District, SS.4; and Morobe District, 2S A. Occasional cases of Mackwater fever 
are observed, particularly among the Europeans. 

' Hraltk ■■* Hum la Haw Oaawa.    Arctic Dnart ui Trial» laf«naatlaa Crater; Brsliail 
■atn. AarU Ia44. 

• BrpMrt. Mat I. M. Maekrrraa. MaWaal HimlnH*. AaatraUaa Awmj, Mat» aa Maaaatta-1 
Mann la Aaatfahula. IMS. 
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Malaria is also widely distributed throughout Papun and the adjacent 
group of islands. Along the greater part of the coastal region of Papua, as 
well as in most of tlte islands, malaria is hyperendemie. The incidence of the 
disease is also high in the central highlands of the mainland. In the mountain- 
ous country above 2,(100 feet, it falls to a minimum. The malaria problem 
in Papua is essentially the same as in the Territory of New Guinea, witli the 
notable exception of Port Moresby. At Tort Moresby, there is a well-marked 
dry season from May to January, with only ulmut •» inches of rain per year, 
and though the incidence of malaria is high in this region, there is a notable 
drop during the latter half of tlie dry season. Malaria is hyperendemie in the 
island groups of D'Entrecasteaux and Amphlett. It is highly endemic in 
the Trobriand Islands, the Li.uisiade Archipelago, and the Woodlark Islands. 

The mainland of Xew Guinea, and its outlying islands, will be considered 
in more detail under the following divisions: 

1. The Mandated Territory of New Guinea and its associated islands. 
2. Papua and its adjacent islands. 
3. Netherlands New Guinea. 

The Mandated Territory of New Guinea 
The territory includes, in addition to a large area on the New Guinea main- 

land, the islands of New Britain and New Ireland, the Admiralty Islands 
(Manila), Bougainville and Buk* in the Solomon Islands, and numerous 
smaller islands. 

Malaria is prevalent throughont the Territory—in many parts, especially 
in the coastal regions, it is highly endemic or hyperendemie 

It is reported that at Kokopo near Rabaul (New Britain) 02 percent of 
the European morbidity was caused by malaria, with many eases of black water 

A large part of the infant mortality is, directly or indirectly, da» to 
malaria, and k appears to be one of the main factors in the depopulation of 
cartaia parts of Melanesia. 

Except in Kaufend anas, as at Babul and the larger settlement* wham 
the control of rectors has bean elective, new arrivals are usually qaiddy 

-Patrol reports ia lftM, covering the examination of 
ftmyOOO natives, ■bowed the average spleen rate m children to be SO percent for 
tin Territory generally. 

The following splenic indices are for the greatest part examinations mads 
ia lMft-87, though a few are from earlier reports: 
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«pirate 
New Britain: fuller« 

Onielle Peninsula--           23.1 
Talasea district  40 
Walonga district-_         »3 

New Ireland: 
Karten* district         _     34.8 
Nnmatanal distrh-t       32.1 

Solomon Islands: 
Kleta             «3.2 
Buka Passage     -           2-1.7 

Duke of York Group    -     30 
Admiralty Islands: 

Msnns  Kl 

Relative frequency of parasites.—Falciparum, rivoj-, and quartan para- 
sites are found, the proportions varying in different areas and at different 
seasons». Since many reports of relative parasite frequency are gathered from 
examination of hospital patients, it would appear that, in these patients, the 
reported frequency of falcipamm may be higher than that prevailing among 
the general population, as this type more frequently requires hospital 
treatment. 

Examinations at the Babaul Laboratory (1035) showed the following rela- 
tive frequencies for whites and natives: 

W altes'.                                                                                                                                             /rseeesov 
Wiiinil«»  /sWssrss»         78 
nmtmuäiim wtwmm  34 
Qaartaa    • 
Mixed.    0 

Nattvea: 

vtaaw       II 
           4 

Mixed -          T 

The variation in the relative frequency of parasites in different areas can b» 
■sen in the resuha of surveys conducted in the North Coast and the Dubs of 
York Group. 

FmmMm 

Herta Oeart: IS    n _ 

Mind  
Dak* of Tere 

    a 
Qaartaa       11 
Mixed    1* 
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In New Ireland, quartan malaria has not been found. Falelparum 
malaria is more common than vieax, and mixed infections are not rare. 

Blackwater fever.—A number of cases of blackwater fever are reported 
each year. Administration records for 1936-37 show 12 cases with 3 deaths. 
The incidence is less than in the early days of the Morobe goldtields, when a 
poorly nourished European imputation suffering from neglected malaria was 
engaged in very hard physical labor. Any alteration in circumstances which 
tended to produce such a combination of conditions resulted in a fatal outbreak 
of blackwater. 

Sea—nal prevalence of Malarial attacks.—I ley don, at Babaul, found 
that in white residents the maximum of malarial attacks occurred in January 
and February and in May and June, with the minimum in September and 
October. He considered that the height of the May-June rise might be due to 
the cooler weather disposing to relapse*. 

Positive blood examinations in Babaul also showed a minimum toward 
the end of the dry season and a maximum about May. The latter rise was 
due to foleipontm infections. 

Brennen, in 1035, considered that there was a variation in virulence of 
foldI*Imm strains endemic in various parts of the Territory. Cases of falei- 
parvm malaria contracted in some parts were much more severe than those 
in others. This severity was quite independent of the number of parasites 
present in films. 

Ammtrmlimn Papmm 
Papa*, and its adjacent fahnde. The Australian Territory of Papua 

eosnprisBs the large ana in the southeastern part of the New Guinea mainland, 
and the great island archipelagoes scattered to the east the Louisiadea, the 
DlSntrecaateeux group, and the Trobriand Islands. 

Malaria is hyperendemie in a great part of the coastal region of the main- 
land, as well as in a large ■unbar of the associated islands. The incidence 
ie lower in the central highlands of the mainland and falls to a minimum in 
the nMemtainons country above SyOOO fast. 

The Pott Moresby area dinars sharply fron the rest of the island in that 
k Has within a small "rainshadnw" sons, with only about 90 inch» of rain 
par tonaa, with a well marked dry season from May to January, and with 
einsäte and vegetation leassabling thaw of norths» Anstralkimther than the 
rest of the island. Nevertheless, there has been a high rate of malarial infection 
bath in she natives formerly present and, more recently, in the troops stationed 
there. The climate peculiarities of this area are, however, of considerable 
practical importance, for it is likely that transmission of malaria don not 
occur daring the latter half of the dry season. 

In the mountainous Düntreeaateaux group, every island ie subject to 
hypetendemio malaria. The population (about 8&£00 natives) practically 
all Hie on the narrow, low-lying coastal fringe of the large islands where 
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anopheline rectors breed freely. All newcomers are infected, mul black- 
water fever and malignant cerebral forms have been common among the few 
white residents. Habitation ceases at about '2,000 feet, for the mountain slopes 
above that level are infertile, but high spleen rates are encountered to that 
limit. 

The Ainphlett Group, a cluster of small steep-sided and rocky islands to 
the northeast of Fergusson Island (D'Entrecasteaux), also shows hyperendemic 
malaria in the scattered villages which nestle at the base of the cliffs. Here, 
auopltelines breed freely in pools and soakagee. 

In the Trobriand Islands (Kiriwina, Kitava, Kaileuna, and Vakuta), 
malaria is endemic throughout, but does not reach the rates of the neighbor- 
ing I)"Knlrecasteaux group. The spleen rates in children are in the vicinity 
of 10 percent in moot villages, rising to a maximum of 30 percent in a few 
places. 

TIM» small island of Samarai, the administrative station for the eastern 
division of tlie Territory of Papua, has, by assiduous control measures, been 
entirely freed from malaria. The close-lying heavily wooded islands, the 
Rogeia, Saribo, and Hasilaki, outside the sphere of this control, however, are 
malarious (splenic indices—Rogeia 48, in 1038). The neighboring part of 
the mainland, the Milne Bay area, is also hyperendemic and was regarded 
by oldtimers of Papua as one of the worst malarial areas in the eastern division. 
Splenic indices of 71, 80, and 98, respectively, were found in three villages on 
the swampy southern shoreline of Milne Bay and of 50, in a village near East 
Cape. At Buna on the northeastern coast, the disease is also hyperendemic, 
a splenic index of 08 being reported. In both the coastal area of this eastern 
extremity of the New Guinea mainland and the neighboring islands, black- 
water fever and cerebral malaria have taken a heavy toll of the scanty white 
population. 

In the scattered islands of the Louiaiade Archipelago, malaria is undteuie 
throughout. At Mini—, the main island of the group, for many yean there 
has bean a largo caneantration of native laborers employed in the mining 
industry. These laborers have been brought from various parts of the Terri- 
tory, with the mallei introdaetion of new strains to an inland which el- 
ready shared the high malarial incidence of the new group. 

At Woodhuk Inland (Murua), moiaria ia ah» present. The island is 
heavily wooded, the knrar parts with thick mangrove, The ramfall is heavy, 
but the higher ground hi woU drained, and malaria is said to be consequently 
rarer on the higher parta, though prevalent at Bonagai, the post on Kwaiapan 
Bay. 

SetkerUmd* New Came« 
Netherlands New Guinea comprises a few small arattered settlements 

akmg the coast, and large tracts of unexplored territory in the interior of the 
island, inhabited only by uneducated savages.   There has never been any well- 
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integrated health organization, anil information concerning disease is scanty. 
Before Japanese, occupation, there were six government-paid physirims on the 
island located at Merauke, Fukfuk, Manokwari, llollainliu, Strong, and 
Wissel-meren. In addition to practicing curative medicine, these doctors 
"ooperated with local civil authorities to enforce elementary sanitary measures 
in tl'eir areas. These physicians were responsible to the health officer in 
Amltoii.'i, who, in turn was rex|M>nsible to a regional officer in Makasar. This 
officer w.is res|mnsihle to tlie head of the Public Health Service of the Nether- 
lands Ei>st Indies in Djakarta. 

The pi-» valence of malaria in the coastal regions can be ascertained to 
some extent i<-om surveys in which Ih? splenic indices of natives in many 
small villages were obtained (table 73). 

TABLE 73.    Splemir imlifn in rni/ina «>/ Xelkrrlumil* Xrw Gmmra 

A.luh« <'MMn-n 

LwitWNi Vn 

Homm.HK'lx-nii'' 
Dvnii» 
CSenJem...... 

Maar-. 

I ma tori 
Kotialamho 
Xjao. 
8abfon.. 
Barmi  . 
tVwfaut »W. 

OMMUMMI 

IMM.. 
UuboH 
Mid  
Mini... 
Nafcire 
Kippan.. 
NM  
KinwI.. 
Pandoi. 

Wainoci 
Wader.. 
Waren...     ...   ..   . 
Weinami         
WiaeVmi  
WHani  
Waatt.   

■II imam at ami at I 

\umlMT     IVrrrntaKv     N'unitirr      INTrflilinr^ 
titiwrv*!  ,s|4tll inilrx   uliwrvtil   »iilrtfi tffnlr\ 

~ . ... 

l«02 ion 77 57 7» 
IH3J Hä fiO 50 74 
1932 7« K5 lift 91 

f 1HS1 r> 72 49 7» 
\   IH3I 46 70 4» 64 

IU37 62 47 42 74 
1037 74 36 Al 56 
IH3I S3 60 30 67 
1931 47 77 42 100 
1931 12» 63 44 65 
1M7 63 

" 
55 51 

mi n at 51 M 
1MI 54 as 40 43 
in 77 »3 00 00 
t« M 38 
1932 1 43 100 
INI •1 M 63 84 
IWI 3B 61 70 54 
Ittl 71 32 60 53 
1931 70 »4 00 83 
1931 u 73 04 77 
mi M TO 30 67 
1W1 40 77 30 70 
1932 71 75 66 »4 
1931 100 59 0» 66 
1DB 61 M 43 03 
1982 •4 83 87 84 
1BXI «0 66 56 91 
IMl 100 U 75 57 
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TABLE 73.—Splenic indire* in »a/ire« of Sutherland* \eir Guinea—Continued 

Location 

Xortk Coati of Voftlkop 

Andai  
Tandjorng Fanindi. 
Makt-bon  
Manooi   
SanuYrwori  
YYaaaJoni  
9og*t  

South Co€Ut of Vogelkop 

Inanwatan  
Jahadiang  
Kiimpariig Hart*. 
Konda  
Mogetrmin.  
Moefcm  
S**»  
Temlnabocan  
Wrnar   

TrUrk Herrn 

Anndai. 
More... 
Jakati .. 
Kok». 

Aiourni- 

fkwtk Cmut t» AhnkmBMer 

Atorkal. 
Atockall. 

K**kw»  
Koknau Mtadka 

Aorta  
TVtawri... 
Tlraoeka 
Waupoek». 

Ailulls rwwirn 

Yfw 
XumluT     I'miiitw j 
ohwrvnl   M|>h*tlllnil«*v 

N'umlMY 
ntamtil 

l*»Tcrnla#e 
«pfcilllmfc-x 

■ «31 !W 

1 
1 

7s j 2N \              1M> 
1931 SO 02 50 !             H4 
lflCU 2« SI  . 23          m 
I1WI    ' _ .... 3!l j            72 
MB 1    ! 02 N'l  1 00 !        MM 

IKil 1)1 70 j 02               00 
11134 20 SO 1 20             100 

IU34 02 ■            74 
UK« 123 !            7H 
1933 117 j            SK 
1«« 73 I           01 
i«ai 33 '            71 
1934 111 ;            7» 
1934 S3 93 
1033 34 75 
1933 56 «8 

1932 34 50 
1934 SI 75 
1933 80 

54 
37 

1931 44 

1933 34 
57 
•7 

59 
1933 47 
1*33 «7 

19*3 W 3 
19M 39 M 
1933 

AS 
M 

HJM M 
1933 75 31 
1934 .   34 79 
193« 33 70 
1934 53 85 
193« 115 57 
1933 1   ■■ 50 4 

TMOHM <TB MBD) M, W Mar. loll 
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The entire northern coast and the southern coast of Vogelkop are highly 
endemic areas. The vectors most frequently found are A. jmnctulatus and 
Anopheles farauti Anopheles bancrofti Giles is not found on the northern 
coast. On some parts of the southern coast (between Kaimana and Atoeka), 
owing to the great height of tides, then« are no suitable breeding places for 
mosquitoes, and some villages are nearly free of malaria. In the Merouke 
area, perhaps owing to the existence of a definite dry season between June and 
December, the incidence of malaria is low, although .1. farauti breed* there in 
large numbers during the rainy season. In the Mamberanio Kivier valley, 
malaria is highly endemic. Tanahmerah, in tlte southern part of the island, 
was formerly a highly endemic area, but in recent years, the Dutch authorities 
had reduced the incidence of t be disease. Mountainous areas are not necessarily 
free from malaria since A. farauti has been reported at heights of 3,500 feet. 
However, there is very little malaria in the Zwart-vallei (3^00 feet high). 
An exploration party in the southwestern part of tlte central mountains of 
New Guinea remained for months completely free from malaria. 

All three forms of malaria are found, but vivax malaria is by far tlte most 
common, representing probably from 75 to 80 percent of malarial infections 
among natives at Manokwari, Seroei, and Baho.* 

The Philippines 

The more than 7,000 islands of tlte Philippines may be grouped into four 
main divisions. Eleven of the largest islands constitute more than M percent 
of the total area; only 2,441 of tlte islands have names. The islands extend 
1,15a miles north and south and 688 miles east and west. The combined land 
«rea is 115,000 square miles. The climate is distinctly tropical. The average 
rainfall is 93 inches. 

The climate of the Philippines is hot and moist. Average temperatures 
are in the neighborhood of 80° F., and the words "summer* and "winter" have 
little meaning. The difference between the highest and lowest monthly aver- 
ages at coastal stations is usually only a few degrees, and is seldom as great as 
10 degrees. Inland station«, at a higher elevation, are much cooler than those 
on the canst, and have a smaller annual range. The seasonal distinctions in the 
Philippines depend on precipitation rather than on temperatures and separate 
the year into a dry season and a wet season, with the difference between the two 
periods decreasing toward the south and east. Seasonal wind shifts or mon- 
soons {northeast in winter and southwest in summer) cause the wet and dry 
saasnni to occur at different times on the east and west coasts. The eat* 
coasts have their rainfall maximum« in winter (October to January) ami a 
relatively poorly defined dry season in early summer.   West coast stations have 

•War m—rt—I TMSf-l BaUrMk <TB Mm» IS. W Mar. ISM 
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» pronounced wet period in summer und a dry period in winier. In the extreme 
south (Daruo, Mindanao), there is a double maximum of rainfall, May or 
June, and October. Typhoons occur most frequently between July and Novem- 
ber and often do great damage Iwcuuse of their force anil the torrents of rain 
which may mvoni|Mny them. 

Thirty-two .njiecies of anopheline mosquitoes have been recognized in the 
Philippines as follows: 

1. A. . mnmilu* INinlti 1902 18. .1. . J< »<•»<*»»*(-«*     /< «KYI»|<*//>X«     IK'niltX 
2 ailkvmi James 1U08 1001 
3. ailkimii fcaaalcaii« Purl IK» 1». /««(•»»«a»Bra« ri/mrim KIIIKIIIKI Htilsui 
4. umntilori* Van d« Wnlp 1884 UK» 
«i. hr.il tlaiwr 1t«t ao. /iM«Vwj)t  ht HflDI ftH*i* KIlIK t!Kil 
tt. hmrbirtMiri* Van der Wnlp 1884 21. litortlu Kill« 1KB 
7. rrUlmlm Klnr ami Halxa« 1930 JW larffotti Theobald 1WW 
K lllipifr Manalan*. 1990 as. mtmlitn* TheiitMilri IMit 
0. IMltri Halma Itt» 24. at»aapa»N« Itankx 1IMW 

10. ai'aa* furmwtt* Ludlow 1MB 2.1. mlmimm* ftnrinmfri» I.uillmv lOI.'t 
11. l>ltrrm»M* »«< mluaimtwit Hainan 1935 a«. Hlfcrrimmn Gllr» 1900 
12. ■ »«■/•i 0<ir*m      Swellenarebel and 27. aaraaaraai« I.wllnw 11)14 

Mwrlleurehel de draaf 1I»19 28. a*//.aa.». aaJ« I.IMIIOW ]»02 
13. kmrtrmri Ja nie« 1900 21». aars«°o«arMro»f r<« Lndkiw 1902 
14. l-odbi I Haiti a 1901 .Tft. Ktplrili indt/init.t Lodk>w 11104 
15. frnJaatkaaaataai* Rattum 1S82 31. leaat-ltaJa* Theobald 1901 
1* Ititrrt Baiaaa and Ho MM 32. raaa* limonm King 1932 
IT. hmruapaprm*     »alalarra««     Baiaaa 

IK» 

On the basis of irrumiilated evidence, only four species of tmopAtline 
mosquitoes have been blamed in the transmission of malaria. The most active 
transmitter is Attophefc* minim*» fi»eiro»tri», a member of the fniwtttu-tHini- 
mtu subgroup. The otlier two members of the subgroup, Anophelt* MMM^JMNHM 
and AnopkeU* ftipmae are of secondary importance. Anophele* maemtatv 
is a doubtful vector. Anopheles ßmvirottri* is a stream breeder, definitely pre- 
ferring clean, fresh, flowing and slightly shady water and with the presence 
of bamboo ■boot« or roots. Consequently, malaria is a disease of the foothills 
and k not seen in the lowland« or rieenelds and does not appear above eleva- 
tions of 2J300 feet. It was not until this fact was fully appreciated that any 
progress was made in malaria control. When there are pronounced wet and 
dry seasons, malaria will appear in two waves each year at the change of the 
seasons. Where such seasons are not pronounced, malaria is perennial. It 
has been suggested that the prevalence of malaria in tlie foothills has been 
partly responsible for the maintenance of ethnologic distinctions between the 
hill people and those from the plains.7 

' War Urpartamt T«rkakal BaUatla (TB MED» M, IS lm\, 1M4. 
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MEDICALLY IMPORTANT MOSQUITOES OF THE 
SOUTHWEST PACIFIC 

Anopheles 

Anopheles amir tun Edwards is found in Queensland, northern Australia, 
Mid Australian Oceania. Subspecific variants are Anopheles amictus amictus 
Edwards and Anopheles amictus hilli Woodhill and Lee. larvae breed in 
ihady or sunny swamps. Anopheles amictus hilli is more often found in brack- 
ish water and .1. amictus amictm in fresh water. Adults take human or animal 
blood. Sporosoite-infeeted A. amictus hilli has been reported from Queens- 
land. 

Anopheles annulipen Walker is found in Australia and Tasmania up to 
1,200 meters and in Australian Oceania. Subspecific variants are Anopheles 
anmtlipes annulipe« Walker and Anopheles aanulipe» musterst Skuse. IJirvae 
are found in shallow ground and rock pools, usually in fresh, sometimes brack- 
ish water. Adults feed avidly on man. No natural infections have been re- 
ported, but the insect has been suspected in one or two areas. 

Anopheles bancrofti Giles is distributed throughout Polynesia, Australian 
Oceania, northern Australia and Netherlands New Guinea. Subspecific var- 
iants are Anopheles bancrofti bancrofti Giles and Anopheles bancrofti pseudo- 
Itarbirottrii Lwilow. Larvae breed in permanent, still, abundantly vegetated 
ponds and pools, generally well shaded. Anopheles bancrofti ordinarily feeds 
at night but sometimes feeds avidly on man in the daytime. Oocysts have been 
found in A. bancrofti bancrofti, but no sporoaoites have been reported. 

Anopheles bancrofti is found in the interior of New Guinea and along the 
southern coast but not on the northern coast. It is found in large numbers 
at Tiinahmerali, at Kloofbivak on the LorenU-Rivier, at Merauke, at Etna- 
Baai, and at Prauwenbivak. An infection rate of 4.3 percent was reported 
at Tanahmerah. 

Anopheles fantut % Laveran 1908 is found in the coastal areas of Moluccas 
east to New Hebrides and south to 20° south latitude. Synonyms are Anoph- 
ele* pmnetmUUw fanmti Laveran, Anopheles pumctmkUn* motmccensis Swel- 
hngiiihiil and Swellengrebel de Grant, Anopheles fmrmtti fmrmtti Laveran, 
and Anopheles fmrmtti molmeeensis Swellengrebel and Swellengrebel de Graaf. 

Larvae breed in ground pools of all varieties, including pools in sand, 
coral, tracks of vehicles and animals; in grassy margins of sluggish 

, mangrore swamps with abundant flotage, and surface wells; and oc- 
casionally in brackish water and at times in containers. Anopheles fnrauti 
has been reported at heights up to 3^00 feet. Adults feed on man or animals, 
attack warily but persistently at any time between dusk and dawn, and fre- 
quent human habitations. 

Anopheles famuli is an important vector of malaria throughout its range 
and is the only one in the New Hebrides. Numerous gut and gland natural 

•Mtir—<ts M 
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infections of A. farauti have been reported with sporozoite indices up to "» or 
6 percent. Anopheles farauti is also an important vector of filarinsis in the 
Solomons and New Hebrides. 

Gut and gland infection rates of 13 percent were reported at Tuitalimerah. 
This species is the most important vector in eastern New Guinea, the Solomons, 
and New Hebrides. 

In the Philippines, Anopheles macula/us Theobald is found chiefly in lei.r 
running water of mountain streams well exposed to the sun, often on an op- 
posite bank from A. minimus jlavirostris, the latter along a more shady edge. 
Anopheles marulatus is often found in seepage water, springs, and shallow 
wells.   Adults feed on man and animals and frequent human dwellings. 

Anopheles maculatus ranges from Ceylon through India to South China 
and Formosa, thence south through Malaya and the Philippines to the Sula- 
wesi. Anopheles maculatus is an important vector in Malaya but is of only 
minor importance in the Philippines and elsewhere in the Southwest Pacific. 

Anopheles mangyanus Banks is found in the Philippines. Larvae breed 
usually in clear flowing and shaded water. Anopheles mangyanus has been 
found naturally infected with sporozoites. Anopheles mangyanus is associ- 
ated with .1. minimus flneirostrls in the transmission of malaria in the 
Philippines. 

Anopheles minimus flavirostris Ludlow is found in the Philippines and 
south to Djawa. Larvae breed along margins of clear flowing water, generally 
somewhat shaded, usually in tlie foothills, and not above '2,000 feet altitude, 
and not on the plains more than a mile or so distant from hills. Adults enter 
houses at night to feed on man but are often found inside habitations in the 
daytime. They prefer earthy resting places such as undercut Imnks of streams. 
Adults take cattle blood readily. Anopheles minimus ßavirostris has been 
found naturally infected in the Philippines where it is the chief vector of 
malaria. 

Anopheles punetuUUus Dönita is distributed throughout Melanesia north 
to 20° south and west, to 170° east, and west to Sola west and northern Australia. 
Larvae an found primarily in ground pools. Anopheles punetulatus is domi- 
nant where soil is heaTy clay while A. farauti tends to replace it where the sou 
is rd or muck. For example, along the sandy coastal strip north of Oro 
Bay only A. farauti was found but around Milne Bay where there are both 
clay and sandy areas, both species were found. Pools formed in the tracks of 
vehicles and animals were notable breeding places, especially around army 
camps. Larvae were also taken in bomb craters, hog wallows, intermittent 
streams, grassy pools, and ditches; more rarely in mangrove and sago swamps, 
in tin cans, and rarely, in brackish water. Larvae were not found in tree holes, 
cocoanut shells, or foul water, as a rule. Adults take human blood avidly and 
also animal blood. They frequent human habitations and feed mostly after 
2100 hours.   The bite seldom causes irritation. 
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Naturally acquired infections in A. punctuJatu* have been reported from 
New Guinea, New Britain, and Guadalcanal. Anophele* punctulatu* is aim 
a vector of filariasis. 

This species wns »ften found in settlements recently cleared of forests 
but was rarely taken in the Upper Digoel region. In northern New Guinea, 
infection rates were 1.5 to 5.0 perce- ' 

Anopheles »ubpictu» indefinite* Ludlow occurs in Indonesia to the Sula- 
wesi, in Borneo and the Philippines, in Guam (since World War II), and 
possibly in Formosa. The form taken in New Guinea and parts of Melanesia 
may be a subspecific variant. Larvae taken in Melanesia have often been found 
in brackish as well as in fresh water pools, and in marshes and swamps. Adults 
prefer animal blood but occasionally feed on man. The form taken in Mela- 
nesia and New Guinea may be a secondary vector, as suspected in Papua, but 
natural infections were not reported in the Southwest Pacific. 

Aedes 

Aede» aegypti Linn ranges perennially in the humid parts of the world 
wherever larva habitats do not freeze. A edes aegypti is distributed throughout 
the Southwest Pacific in coastal sections and has sometimes been called the 
"mosquito of seaports.'' Larvae are found in peridomestic containers, such 
as roof gutters, horse tanks, barrels, bottles, cans, and tire casings, sometimes 
in leaf axils, rarely more than 1,500 feet from habitations. Adult has short 
flight range, is house-haunting, and feeds avidly on humans, usually in the 
daytime. Aede* aegypti is a vector of dengue in the Southwest Pacific and 
also carries yellow fever in Africa and South America. 

Aede* albopietu* Skuse is distributed from Japan south and west to the 
continent, and eastward through Micronesia to the Hawaiian Islands. Aede* 
albopietu* » a vector of dengue in the Philippines and elsewhere in the South- 
west Pacific and resembles A ede* aegypti. 

Aede* koeki DfiniU is found in Pacific Oceania. Larvae were taken in 
the water of plant axils. Adults feed avidly on man at night. Aede* koeki 
is a suspected vector of filariasis. 

Aede* teuteUari* Walker has a complex of forms having similar habits and 
only slight morphological differences. Aede* ttmteUetri* *emieU*ri* Walker 
is distributed throughout the Philippines and south to New Hebrides but not 
in the Fiji Islands. Aede* »nUeliari* pnemdaeemteltari* Theobald is found at 
175° east to 1*)° west longitude and 0° to22° south latitude. Aede» »rnMUri* 
polyne*ien*U Marks is found in the Fiji Islands. Larvae occur chiefly in rot 
holes of trees. In New Guinea and on Biak, however, larvae were found in 
almost any container not having mud walls, such as in foul water in et nor.., 
coconut shells, military junk heaps, including paper containers, and in cans 
with lacquer linings. Adults are day feeders, attacking man freely mostly 
out of doors but also in tents when near breeding places. Aede* »cutettarU 
rest out of doors.   Aede* »eutellari* paevdotcMtellari* and A. »evtettari* poly- 
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ne*ien*i» »re vectors of ßlarinsis in (he Fiji Islands, und the closely related .1. 
srutellarl* $cutethir'iM may be a vector in New Guinea. 

Aedrs vigilax Skuse is distributed in I lie tropics from Formosa to Thailand 
ami east and south to Xew Caledonia and Australia, I-arvue are found in 
shallow ground pools of tidal flats and in mangrove swamps. Adults are 
strong fliers. They feed avidly on man at night and early morning but some- 
times all day in the bush, and they may evade houses. Aedei vigUttx is a 
suspected vector of filariasis. 

Culex 

CuJex oHMt/iniitriK Skuse is found in Melanesia, Polynesia, Papua, ami 
Australia. Larvae are found in ground pools, including those of «-icefields 
and swamps, and in all kinds of domestic containers in urban and rural areas. 
Adults feed at night on man and animals. Cnlex annnllrwtri«. experimentally, 
is a vector of filariasis but is not found naturally infected in the Southwest 
Pacific. 

The subspecinc variant of Culex piplen* Linn, Cntex pipien» fatigan» 
Wiedemann, which is the Culex ^Htnguefamflutwt Say of some authors, is 
found throughout the tropical world and was widespread in the Southwest 
Pacific, Larvae of C. pipien* fatigan« were taken in collections of foul water 
in ground pool« and in domestic and periodomestic containers, usually shaded. 
Adults generally are strong fliers and feed on man and animals, at night, 
as a rule. Ctdem pipien» fatigan* is known as an important vector of filariasis 
in sever»! areas, as in the Philippines, but its role in New Guinea is still 
doubtful 

CvU» »Uhnui is a group of species quite similar in appearance and is 
distributed in the Orient and in Pacific Oceania. Larvae of the various speck« 
are found usually in small pools, drainage ditches, ponds, and streams. C'olr* 
vüknui is considered a vector of filariasis in India but not in the Southwest 
Pacific 

Mosquito Surrey Data 

Information on the distribution and bionomics of the mosquitoes of New 
Gain— and the adjacent islands was materially augmented by the various 
malaria units. This work was done more or less incidentally to IWd activities 
and was handicapped by the lack of suitable minor khoratoty supplies and 
equipment. The paucity of information on the distribution und habits of the 
principal vector of malaria, A. pmnctulntu», and of other species that may play 
» part in the transmission of dengue, fiilariasis, and other diseases of military 
importance, was at first a serious handicap to t lie full utilization of control pro- 
cedures. In this field, the work of Cap«, (later Maj.) William R. Horsfall, 
SuC, entomologist of the 17th Malaria Survey Unit at Oro Bay, was especially 
valuable. He and his associates found A. p*i*rtv//tttu in the Markham Valley 
to range between sea lev*j and 3^00 feet, with very few on the level coastal 
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plains with sandy soil. They were most, abundant below "2,000 feet mid in ami» 
with impervious soils. Breeding took place in open or slightly shaded water 
such as pond and stream margins, wheel ruts, and borrow pits. 

Anopheles famuli, on the other hand, was more at home along the const 
and in partially shaded situations, as along sluggish streams, and shaded pool 
margins. When present in limited numliers. adults were not prone to stay in 
tents or huts but apparently were widely districted in secluded damp places 
under vegetation. They were olwerved in protected places in stream banks, in 
holes, and in overhanging grass, but always in the general vicinity of camps 
or native paths or villages. 

Captain Horsfall reported that development from egg to adult of .1. /mm - 
tulatu» took place in 8 days in warm water (S»5° F.) in lite sun. mid from 10 to 
14 days in the laboratory. The egg stage ranged from 1 to ('»days in the In I »ora- 
tory and the larva and pupa stages from 7 to 12 days, with an average of 8.5 
days. Captain Horsfall also found tliat adults traveled freely one-fourth mile, 
a very few to three-fourths miles. One female lived IT days. Caged females 
could not be induced to feed a second time and no eggs were laid. 

All agree that adults of .1. punrttüat»* fed freely in captivity. In nature 
they were shy, and produced little or no irritation. This caused men to he 
careless, as they were not annoyed, and they seldom saw the mosquito. 

Anopheles punctttlahu was readily infected with either Plosmottinm 
fofoipsritm or Plasmodium vivax. In the experimental work at Cairns, often 
Marly 100 percent infection of salivary glands was secured, but high natural 
infection rates were not found. Of 315 females collected near Oro Bay, April 
and May 1M4, Horsfall reported that only 6.4 percent showed gut infection, 
and of 580 salivary glands examined, only 0J) contained sporoxoitea. Them 
ware evidently newly fed. Fimrial infestations were found in 8 of 607 females 
dissected. 

Breeding places of various culicine mosquitoes including Ae4e* mmteBmris, 
which was evidently the principal carrier of dengue, were very diverse. Stag- 
nant pool», aaargina of streams, seepage and rainwater in sag« and mangrove 
swamps, leaf axils of trees, coconut sheila, and various manmade water con- 
tainers produced different species in varying numbers. Along the coast, coral 
pookata were said to servo as proli Ae breeding places for A. temMhuit* 

There were twenty speeies and subspecies of Ammpkob» sad seven species 
of BirtmdU. Only three of there {Anopheles kancmri James, a subspecies of 
Anopkoles tu&pietm, and A. bmmerofH ptudobarbirostrü) wen more or less 
widely distributed in adjacent regions, and the first two at mast were possibly 
introductions into New Guinea. 

•Malaria Saaart X«. SM, Baaart af U» Malaria Mlariaa la Ike SMtlnmt l-ariSc Am. W Aa* 
1S44. M BaaM Mr CaarMaaUaa at Malarial Stadia*, a Jatat Baa> O—paar« aff Baa*aaratatt*a* af «ha 
Oaata at ■tHaoSt BXMrch «ad n» ii(, tsa arav. tka Savjr. «at DJ. Palate Bttak Sarrtaa, 

1 liaiwl Oaat.cS, »at. Mt,    IQMiail mull 
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The commonest and moat widely distributed species in the Australasian 
Region were A. annufijtex, A. punrtutatu*. and the »uljn|jecies of A. bancrofti 
and A. amUtu*. Some of the other species were known only from a single 
locality or had a limited range. The portions of «IM» region from which the 
different, species have been recorded are indicated in table 74. 

Anophflt* famuli, the form with an all-dark proboscis previously known 
as Anophele» molwxemiis, had the widest distribution (map 31). It was 
found throughout the islands from eastern Sulawesi to New Hebrides and also 
occurred in northern Australia, being common at Cairns and in the Darwin 
area. Tliere was a single record as far south as the Brisbane area reported by 
Lee and Woodhill.* The type form, A. punctulatu» motucrtnsu, in which the 
apical half of the proboscis is largely pale-scaled, was collected in Australia 
or New Hebrides but otherwise had the same general distribution as A. jmnctu- 
lattu. Anophele» rlowi Kozeboom and Knight, a recently described species, 
was found only at Holland i*. 

The moat widely distributed species in the region was .1. annul ipe», found 
throughout Australia, in Tasmania, a few localities in New Guinea, and the 
adjacent island of Gondenough. At Port Moresby, it was the commonest 
anopheline encountered and was said to be the dominant species in the greater 
part of Australia. 

The type form of A. amictu* was widely distributed in the northern part 
of the continent and occurred along the eastern const to northern New South 
Wales. The subspecies A. amictus killi had the same general distribution and 
was found also at Merauke in southern Netherlands New Guinea. 

The type form of A. bancrofti was widely distributed and frequently very 
abundant in northern Australia from just north of Broome to Cairns, and 
along the east coast to Brisbane. It occurred in Netherlands New Gnincn to 
the llerauke area and along the Digoel-Rivier. There was a single record 
fron northern New Guinea, at Pionierbirak, which may actually hare bean 
the subspecies A. bmnerofti pteudtimriirmtri». The latter was the form found 
m the rianaimlsf of the northern and eastern parts of the island, as also on 
Goodenongh Island.   Its range extends into the Sulawesi and the Philippines. 

The distribution of isaaWlw »tifwmticu», as given by Lee and Woodhill, 
» the coastal ranges of eastern Australia and two widely separated localities 
h» New Guinea, one at Bulldog in Papua and the other at Anggi-meer in the 

i part of the island. Anophele* mtmiipe» Skuse occurred in small 
in the Sydney, Brisbane, and Cairns areas on the east const and at 

Perth on the west coast. Anopheles powelli was recorded only from the north- 
era portion of Northern Territory and the tip of Vorn* Peninsula. 
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536 COMMUNICABLE DISEASES 

AnopfuUs meraukensis Venhuis and Anopheles novaguinentis Venhuis 
both occurred in Northern Territory, in the Cairns area of northern Queens 
land, and in the Merauke area of southern New Guinea. The former was found 
also at Townsville and Brisbane, and the latter on the tip of Yorke Peninsula. 
Anopheles longirostris Brug was recorded from various parts of New Guinea 
as well as Seram and Halmahera. An unidentified variety of A. »ubpictm was 
reported in New Guinea only from a few areas along the southern coast of 
Papua. The same or similar form is widely distributed in the Netherlands 
Indies. Anopheles karxeari was found in 1045 at Ilollandia and was taken 
in considerable numbers in one location.1* It may have been introduced from 
adjacent parts of the Oriental region where it is widely distributed. 

Belkin and coworkers described in addition to A. pvnctulatus, three new 
species, Anopheles lungae," Anopheles solomonis,1* and Anopheles nataliae." 
The last three species are closely interrelated forms distinguishable principally 
by variations in coloration of the female proboscis and by larval characters. 

The following species were reported only from the Moluccas, Scram, or 
Timor: 

A. ahkeni bengoJensis A. intnlae/lonon 
A. aJbotaeniattis A. koeki 
A. annular*» A. maculatus 
A. boroirostris A. minimus 
A. bmrbmmbrosus A. HMUCW 
A. hyromnm A. tetaetahu 

A. ««£tu 

It is doubtful if the reports of A. tesseJatus, A. barbirostris and A. aitkeni 
from New Guinea, and AnopheUs tmttowi from Seram were correct. Speci- 
mens from New Guinea, identified as Attppkties pkUippimensis, were thought 
by Lee and Woodhill to have been A.menmtiensii» 

ESTABLISHING A CONTROL ORGANIZATION 

February IMS was an important date in the malaria control picture in the 
Southwest Pacific, for it was at this time that the first mahrinlnarieta and the 
•rat malaria surrey units arrived. By June, malaria control unite won at 
work in tau theater, and thereafter malaria came and 
control. 

J. MM. 
HA*M.I:1H.NM 

■»■IM«. J. H-. ■■* SIMT. a. I.   A Xaw SpwtM W Aaipailn Tnm tat Bitiii» Uuk 
J. «M. AaaA. Sc. M: an. 1M4. 

•Mkta. J. X, KBISM. K.L.IMI Imliia, L. «.:   law»mil Mn—Mm af tka ■■!■■■■■ 
" i aai Xaw Hmtttm.   1. Fanattal.   si: MI-MO. 1SW. 
■ Banta, J. X.: Jaiatiln »«NUat. a Kea> lnri» rrm Qaaaaaiaaal    J. PanuMaL SI: 31*. 

1MB. 
" Pte. WBlH I T. i tnHiUil ef tat A—baSMfca Battaa,   fa ■■UrhliBT. aaUaa ay Matfc F. 

Bat«.   FMIilililH! W. B. Wsanmwn Ca. 1—S, wL 1. m. MS. 
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During 1042, the Office of The Surgeon General had lieen si udying the prul>- 
lem of malaria control in those areas where I'.S. troops hud to o|>erate. As a 
result of these studies, the Office of The Surgeon General proposed (1) the as- 
signment of trained malariologists as assistants to tl« surgeons in malarious 
areas, {'2) the formation of special units to determine and control lite local fac- 
tors in malaria incidence, (3) the education of the troo|>s in protective measures, 
and (4) the utilization of labor personnel for nntimalarial work.'3 

The Surgeon General outlined more fully the proposed malaria control 
organization in a letter to (lie Commanding General, I'.S. Army Forces, 
Southwest Pacific, dated 24 October 1042. lie invited him to submit requests 
for the additional military and sanitary |iersonnel without delay. 

In reply to this letter from The Surgeon General, the tlieater, on 1 Decem- 
ber 1042, requested 1 malariologist, tt assistant malariologists, 3 survey units, 
and 12 malaria control units.1* A cadre of malariologists and an advanced 
echelon of three malaria survey units, the 4th, 5th, and 6th, were sent by air to 
the Southwest Pacific in February 1043. Dr. Howard F. Smith of the ILS. 
Public Health Service, on duty in theater headquarters, was appointed theater 
malariologist on 27 February 1043 In Staff Memorandum No. 3. 

Theater Directives 

In compliance with instructions, 1st. Indorsement, General Headquarters, 
SWPA, 5 February 1043, the following basic sanitary and preventive measures 
for the control of malaria, dengue, and intestinal diseases were established for 
the information and guidance of all UÄ Army personnel in SWPA: 

1. la BMUartoaa aad potentially aariarioos area», the wearing of ahlrta with laag- 
Bfcwrr« aad fall kraalk tiu—irn la mni—ry to -educe the prnhahmtj of anaaadta hltea. 
wearing ahorta aat ahort deeved ahlrta aad eoiac wlthoat ahlrta between aaaset and an- 
riae la aet anthariaed. 

Ifeaqatto »iiaaueat aas lataet BMaaoJto han wUl ha a—ehtaa far an atraa—at. 
■aapn 'l\t aatalnr «r AUhttae (aaaasrrtae hydraihlarlde) wlU he ■dsdalelaiad t» 

Baraaaaal la hrpaieaSearic Baüarta— arraa, la aeeordeaea with laatiilliaa fraai the aalt 

X. Caapattaa wW he leeated as far fraai imalli Innllag Bines* a« the 
aaaallia w« pueril,   Bseest la the eaaaaat araa, aaaaaaJte hreeeang wBI he < 
ay anlag, dialaiag. iJHag. iaaw*tag eaewtj «ana, hatWaa, tainaa* ahella, aad all 
lahnera far a distance af ljBBB yarde fraam alaapaag ajaarfcera aad icerealfcsa areas. 
aaee has peered ifeat a •eaaU, wall laatiaitad detsH, lidgil pensssesHy la eaeh aalt an 
aaaftary aad saüsria raatrri week. wUl prsrsr* the heat rraaJta. 

a. Whea traapa raiilelag aaaaraaatr« aailarta treatant are wares to a aoaauüar- 
toss araa, the haae aMtJaa riaiaiaad» af the aew area will he asUssd laaaediately. The 
■aeaher of traapa iiiaiaiud fraai aappreariT« tieatawat at aajr ti—r meat h» miiaaaaarate 
with the aoapiul hade araUahia. 

»Lrrtw. Cal. Jaha A »igin, MC. (Mr TW Baram Oeaenl t» Taa Aajataet QMOTü. n Saat, 
ISO. aaVhat: Malaria OaatnL 

»Caari Managa OJ-W-C1U, ClaXMwFA. a» taa hat— OwwraT» OSha. 1 Dai. ISO. 
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4. Medli-al Field Manual N-iU, "Field Hiitiitiitlou," ili-wTlheH In tlelMll the inoxt nrac- 
tical method« for one In the Held. M|iet-ial attention to I be ln»|ie<-Uou and bundling nf 
food«, the »unniy and treatment of water, fly control and the tllxixwul of huuiun exvreta 
and garbage I« nceetwary. Prevention of dlmme, emieutiul for a low noneffeetlve rate, 
can only be ari-oniplhihed liy tbe rigid riifiiiremeut of »niilinry ineiiKiireM. 

B. Commanding oftVerM of all Kritik-* are rex|ion»lhle for xniiltatiim and for the enforce- 
ment of tbe proTiibms of sanitary regulation* within their organism imiM ami tbe bound- 
arleK of »reiiH m-<-u|»led by theni. 

These instructions were reinforced litter by it more detailed directive de- 
signed to provide a malaria control organization consonant with that recom- 
mended by the Office of The Surgeon General (appendix 13, p. 585). 

Assignment of Duties 

Under (lie organization, as established, a medical ins|iector xjiecial (malar- 
iologist) was on tlie staff of the Chief Surgeon, USAFFE (U.S. Army Forces, 
Far East). Under the diief Surgeon, lie was authorised to direct and co- 
ordinate tire operations for malaria control. He also acted as a s{>ecial adviser 
to the Chief Surgeon on all matters pertaining to malaria and mosquitoborne 
diseases, including the avoidance of tlie introduction of tlie anopheline mos- 
quito or of malaria into areas t lien free. 

The assistant medical inspectors special (nialariologists) were assigned to 
Headquarters, USAFFE, and attached to the stall of commanders when neces- 
sary. These assistants were to advise commanders in the development of 
malaria discipline in all troops, to instruct personnel in malaria control meas- 
ures, to assist in planning and su|ierviging survey and control measures, to 
investigate malaria rates and malaria haaards of proposed campsites, and to 
furnish commanders with all pertinent information obtained. 

Malaria surrey units and malaria control units were assigned to 
USASOS (US. Army, Services of Supply) for administration but were ander 
the control of USAFFE for the Performance of all duties pertaining to 
malaria control. These units were normally assigned to areas but under spe- 
cial conditions might be attached to organisations of the Sixth ITJS. Army, 
Fifth Air Force, or USASOS. Regardless of attachment or assignment to 
duty, these units were under the technical direction of the chief malarioiogiet. 
They functioned as follow*: 

The malaria survey units: 
1. Determined incidence, distribution, and biology of mosquito adults and 

larvae in relation to malaria. 
2. Surveyed, mapped, and recommended to commanders measures for 

malaria control in specific areas. 
3. Maintained a check on effectiveness of control measures by routine 

collection of adults and larvae. 
4. Performed malaria parasite surveys among civilians and troops to deter- 

mine incidence and species of parasites. 
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5. Performed any special studies in regard to nmlnriu or iiiosquitoborne 
disease required by the Chief Surgeon. 

6. Ke|* Commander» informal mi all matters re luting to malaria control 
in their areas. 

The malaria control units: 
1. Prepared detailed plan» for malaria control measure». 
i. Demonstrated and advised unit autinuilaria details on approved methods 

of control. 
3. Advised the commaiuler on the use of labor, civilian and native, in 

malaria control work. 
4. Initiated plans and advised commanders regarding tlie maintenance of 

control measures in areas between units, docks, airfields, and similar areas 
used by troops of all units. 

5. Kept commanders informed on all matters relating to malaria control 
in their areas. 

Personnel and units engaged in malaria control were fumislied slielter and 
meals by organizations to which they were attaclied, or by organization com- 
manders in whose areas they were assigned to duty. Movements of units 
within a base were effected by the base commanding officer upon request of the 
senior malariologist on duty therein. Movements of units from one base to 
another were directed by USAFFE. 

Direct communication on technical matters between malariologixta, survey 
and control units, and the Chief Surgeon, VSAFFE, was authorised." 

Immediate Results 

By late summer of 1943, the program for malaria control in this theater 
had been operating for approximately 6 months ami was beginning to exert 
its full effect. In that time, the malaria rate in the V.S. Forces in New Guinea 
had been brought down from 970 per 1,000 men per annum in February 1943, 
to 800 per 1/100 par annum in August 1943." 

IMPORTANT FACTORS IN DEVELOPING THE 
CONTROL PROGRAM 

Australian Medical Military Mission 

During 1948, the procurement of adequate antimahuria supplies was very 
duucult. It was possible to get suScient quinine, At «brine, ami Plasmoehin 
naphthoate (pamaquine naphthoate) for treatment, but surh antimalaria sup- 
plies aa nets, repellents, insecticides, and sprayers were very inadequate. In 
fact, ti» supply situation was so unsatisfactory, from both the United States 

"UrtU».  Brt«.  OM.  L.  S. OMfM*M>.  Aitot»t Omni, VtATTW, to 0»—Hi 
USASOS. 13 J«w 1*43. ■■***: OnutaM tor Malarfe CMtnL 

»Maatkljr Praam B«tart Aimj Bmfc» PMcn. War Pif rt—t. «1 Ott IMS, ■«ittoa Tt 
Health. * IS. 
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and the United Kingdom, that ati Australian Medic»I Military Mission was 
sent in Se|>t«niber 1942 to the United States and the United Kingdom. The 
objectives of this mission were (1) to bring home to the United States and 
United Kingdom authorities the grave danger from mahirin and other tropi- 
cal diseases, and (sä) to procure an adequate flow of supplier of Atahrine, 
other malaria drugs, mosquito netting, and repellents. The mission was suc- 
cessful in obtaining approval of a ('»-tablet weekly regimen for Atabrine and in 
obtaining promises for other needed supplies. 

Inter-Allied Committee 

Among the important factors in the program was the formation of an 
inter-Allied committee which advised the Commander in Chief of all as|ierts 
of the malaria problem. One of the reasons for the lamentable record in 
malaria control in 1942 and early 1043 was the absence of medical authority 
at the level of the theater commander's headquarters. The Inter-Allied Com- 
mittee, under the chairmanship of Brigadier X. Hamilton Fairley, an inter- 
national authority on malaria, was set up to remedy this deficiency. It was 
this Committee's recommendations, in the form of proposed directives which 
were approved and issued by General Headquarters to all commands, that were 
responsible for a uniform program of malaria control. USAFFE received 
its regulations from General Headquarters and reissued them to the American 
elements of the Allied Forces. 

Assignment of Responsibility 

The program and the management of the available resources for com- 
bating malaria were the responsibility of one person, the Chief Surgeon, 
USAFFE.  This made possible the following: 

1. The formation of an organ is» t ion for the control of malaria which 
earned on the attack on the breeding places of the anopbelines in troop areas, 
■aaistart and advised the units in such areas in their control work within the 
unit area, aided in the distribution of available antimalaria supplies, and pro- 
Tided for schools, lectures, fUms, pasters, and other educational devices for the 
instruction of osscera and men in the technique of malaria control. 

2. The publication of regulations applying equally to all American Forces 
governing the use of individual antimalaria measures such us protective cloth- 
ing, proper use of mosquito nets, repellent, the enforcement of suppressive 
treatment-, and authoriaed methods of curative treatment. 

8. The formulation of systematic programs for the rehabilitation of ma- 
larious divisions returning to Australia and the setting up of uniform stand- 
ards for evacuation of malarious patients to hospitals to Australia from the 
Advance Base, and from Australia to the United States. 

4. The establishment of a card report system which furnished prompt and 
current information on the malaria rate in different areas and in different 
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units, so that the malariologist knew where to center his chief efforts and also 
whether he was or was not being successful. 

ö. The institution of active research in prevention and treatment by per- 
sonnel adequately trained and equipped and the restriction of indiscriminate 
experimentation. 

The assignment of the malaria control organization to USAFFB resulted 
in some difficulties. Malariologistg, for instance, could not travel to visit units 
in the field without securing permission for each separate move from both Sixth 
TJÜ. Army and Fifth Air Force, except on a personal basis, in which case no 
criticism or written report was permissible. All assistant malariologists were 
assigned to the 8th Medical Laboratory. Separate control organisations, how- 
ever, for the Sixth U.S. Army, the Fifth Air Force, and USASOS would have 
been complicated and inefficient. Nevertheless, the system as organized worked 
well, despite these difficulties. 

Survey and Control Units in the Field 

Malaria survey unite accompanied task forces into new areas and per- 
formed the initial mosquito-breeding survey of areas as soon as possible after 
occupation. It wag their function to locate and map all actual and potential 
breeding places in their initial surveys and to maintain weekly checks on the 
efficiency of control measures in the area. The survey unit also dealt with 
the collection and examination of blood smears for the study of malaria para- 
sites in native populations as required, in addition to periodic selected surveys 
of well troops. 

The malaria control units were used in all of the forward areas and nor- 
mally accompanied the combat troops. With the aid of native labor, the control 
unite «en charged with the supervision of all environmental controls through- 
out any speriflc area. Major control projects were performed by the control 
units, with the assistance of Corps of Engineer unite or, at times, Seabees 
(naval construction battalions). 

In addition to the special purpose malaria control personnel, each unit 
commander was required to form an antimalaria detail of one noncouunrtwtoned 
officer and two enlisted »an for each company, squadron, or smaller unit. 
These company details performed routine antimalaria work in each unit area, 
and in their work they wen assisted, advised, and checked by the malaria 
surrey and control unite. Projects of any magnitude within unit boundaries 
were carried out as a special assignment of the malaria control unit. 

MALARIA CONTROL ACTIVITIES 

After official recognition of the basic problem that malaria was posing 
in SWPA, malaria control activities were initiated promptly. The method* 
of control were of tw;> kinds—group and individual. Under the group method 
were two means of control, that of (1) permanent malaria control measures 
und (2) temporary malaria control.   As a general statement, it could be said 
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that, because of combat conditions and the speed of movement in SWPA, 
permanent types of malaria methods were not widely applicable. Therefore, 
under group measures, the temporary methods of control were the general 
rule; in actual combat conditions, individual methods of control were often 
the only methods available to tike soldier to protect himself against malaria. 

Besides these general activities, the malaria control organization also en- 
gaged in some special public health work, such as scrub typhus control, gen- 
eral sanitation, and some of the work usually done by the medical inspector's 
office in military camps and posts in the Zone of Interior. 

The program for the performance of group control methods was based 
on two special organizational units, the malaria survey and the malaria control 
units. While these units were administrat ive entities, they had close functional 
relationships—one survey unit usually serving to define problems and to check 
on I lie efficiency of two or three control «nits. 

In general, the commanding officer of a survey unit was a parasitologist 
or entomologist; of a control unit, a sanitary engineer. The enlisted personnel 
were composed chiefly of noncommissioned officers to a total of 11 men, many 
of whom had special training qualifications. 

These units arrived in a new situation at various times after D-day usually 
not before D+15. The survey units proceeded to define the local problem 
through blood surveys of native population and mosquito and topographic 
surveys. The information collected was mapped, tracings from topographic 
maps being largely used for this purpose. This information was then given 
to the control units. Subsequent activity of the survey units was toward the 
more precise collection of information on mosquito fauna and its ecology, re- 
surveys of native populations, and checks on the efficiency of control units. 

The malaria control units were equipped with appropriate light equipment 
for oiling and minor drainage. Its enlisted personnel performed some control 
operations but more often acted as supervisors of native labor or work details 
from service or combat units. The actual performance of control programs for 
a half mile around a given organization was done by the personnel from that 
organisat km; other areas were handled by the control unite. 

The control program of a given area consisted, in general, of the following 
activities: 

1. Treatment of breeding places with larvicides. 
8. Eradication of breeding places by drainage and filling. 
8. Besaoval of native population groups to locations more than a mils 

from army units. 
4. Strengthening of malaria discipline. 

MALARIA CONTROL MEASURES 

Throughout SWPA, malaria control was achieved through the use of 
many different measures, but chief emphasis was on the elimination or control 
of vector breeding places and the use of suppressive Atabrine therapy. 
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Personal Protective Measure» 

An important measure of malaria control was the maintenance of |*r- 
sonal protective measures. By means of directives, lectures, ami periodic in- 
spections, all officers exercising command, as well as enlisted men, were in- 
doctrinated along these lines. It was impressed on all unit commanders that 
this was the sole means of malaria control during combat and in new areas, 
until adequate environmental control could be established. 

Nets and clothing.—Few, if any, head nets were worn or were available 
in the theater, for they were unnecessary and sometime-* dangerous because 
they impaired vision. Bed nets were generally available but were not always 
used. In several instances, bed nets were not available for days or even weeks 
after establishment of a beachhead. In most commands, tlte use of bed nets 
was strictly ordered und enforced except where combat situations made this 
impractical. In tlte best disciplined units, nets were frequently inspected for 
defects and proper usage. The jungle hammocks were dangerous in ad- 
vanced positions because the occupants were more susceptible to sneak enemy 
attacks.   These hummocks were generally abandoned after a short trial. 

The wearing of protective clothing, which include«! long trousers and 
shirt with sleeves rolled down, was required at all times, except when under 
mosquito nets, when bathing, or when engaged in athletics. Considerable dif- 
ference of opinion was expressed in the field as to the best discipline in this 
regard. Some felt that shirts should be worn at all times, except when under 
a bed net or at bath. It was generally conceded by those responsible for 
malaria control that shirts should be worn constantly. Details laboring in 
the open sun, in holds of ships, on docks, or in screened buildings were allowed 
to remove shirts from 0630 to 1730 hours. 

Bathing was restricted to daylight hours except when screened showers 
were available. 

Sera—lag —Screening, mostly galvanised 16 and 18 mean, was installed 
on many of the barracks, hospital wards, messhalls, and recreation rooms, 
bat almost solely at the older and mom permanent bases. From a practical 
Standpoint, absolute mosquitoproofing did not seem to be possible heeaase of 
the nature of the buildings. 

Ksnsllsnts.—In better disciplined bases, mosquito repellent rales wars wall 
enforced in connection with attendance at outdoor movies at night. Bat a 
relatively small percentage of the total supply of sach repellents as dimethyl 
phthalate was used for the intended purpose. Ample stocks of repellents were 
generally available, but mosquitoes were so few, except in unusual situations, 
that the men would not apply the repellents. However, experience indicated 
that men engaged in a new landing should be amply supplied with repellent for 
use after landing. 

Rather crude tests of dimethyl phthalate indicated that it was not nearly 
so effective against Anopkele» jmnctwlaiu* in SWPA as against AnopkeU* 
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qvadrimaculattto in the United Stales; also, that Rutgers 012 guve more lust- 
ing protection than tlte dimethyl phthalnte. Tlie protection given by Rutgers 
612, however, probably did not exceed 2 or •') hours. 

Aerosols.—Aerosol IMMIIOS were generally available in New Guinea but 
were often improperly used, as against flies, ant«, and miscellaneous insects. 
A few were used to spray tents and bed nets. The tents were practically all 
without walls, and there was doultt of the efficacy of the Aerosol in these tents, 
even against mosquitoes. 

It was reported that bombs were used for cooling lieer or for t lie const ruc- 
tion of improvised small refrigerators. 

Aerosol bombs were conscientiously employed in transpacific Air Trans- 
port Command planes. The Aerosol was a|>plied freely after each takeoff, 
and before each landing. Aerosols were not observed in use in Australia or 
in Army planes in Australia or Xew Guinea. Aerosol treatment of planes in 
Australia and parts of Xew Guinea was probably unnecessary but was em- 
ployed as the front progressed further north. Tliere was some danger of intro- 
ducing A. punctulattu into northern Australia, but this was not great. Tliere 
was also the danger of introducing that species into the Philippines or of in- 
troducing AnopheU» flaviro$tri» or other dangerous species into Xew Guinea. 

DDT.—Tlie application of residual DIYT sprays to tents and bed nets and 
the impregnation of these articles with DDT were given consideration. Re- 
ports showed that adults of A. pumctuf atHA usually rest on tents or other nearby 
articles for at least a few minutes either before or after feeding. Some im- 
prepMletl IHKS did not prevent mosquitoes from luting through tlwin, hut 
caused the death of the mosquitoes as a result of the contact. 

Antilarva Measures 
Lurvieidimg 

For krricidal purposes, DDT waa supplied as commercially {Hire DDT, 
and as a 10-percent mixture with talc, known as larvicide DDT, dissolving, 
and larvicide DDT powder, dusting, respectirely. In these forms, DDT was 
prepared for application aa a larvicide, either as an oil solution or as a dust. 

A ^-percent oil solution of DDT was an effective larvicide. with certain 
qualities which made it extremely valuable for use in malaria control. One 
of these qualities was that i small dose of the solution would effectively treat 
a large area of water surface. Only enough oil had to be applied to secure 
coverage. Numerous laboratory and amall-srale field trials demonstrated that, 
where oils spread rapidly, 1 or. of the .Vpercent oil solution will effectively 
treat 40 square feet of water surface. At this rate, 1 quart of '»-percent DDT 
oil mixture will treat approximately 1 acre of water surface, as compared with 
10 to 14 gallons when ordinary oil is used. A moderate amount of vegetation 
interferes very little with tlie spreading ability of the DDT oil solution. Tlie 
use of DilT oil solution simplified nx-thods of application and, consequently. 
Mvrd lalior and equipment. 
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Rate of application—For teni|>oiaiy control, oil solutions of DDT were 
applied at 0.1 to 0.25 pound of DDT jier acre. This »mount is contained in the 
1 and the 2>4 quarts of the ."»-percent oil solution, respectively. This rate of 
application destroyed existing larvae and pupae but did not have residual 
action. Eggs deposited within a day or two following treatment could be 
expected to develo|> into larvae and adults in tlie normal fashion. The treat- 
ment, therefore, was repeated every tt to 9 days. 

The amount of oil solution actually used in treatment was governed to some 
extent by the type of equipment available and by the character of tlie area. 
The distributing apparatus sometimes was such that a much larger quantity 
of tlie oil solution was used than tlie calculated dosage indicated. Wlien vege- 
tation was extremely dense or a scum was present, distrilmtion for adequate 
coverage often resulted in a larger dose of DDT than necessary for killing the 
current crop of larvae. 

For residual action, single lieavy doses of DDT oil solution were applied 
and curtailed breeding for periods ranging from S to 6 weeks in some situa- 
tions, such as stabilized breeding places containing lieavy vegetation which 
prevented shifting of surface films by wind action or rain. Tlie most effective 
dose for this kind of treatment was about 5 gallons of 5-|>erreiit DDT oil 
solution per acre. This is equivalent to 2 pounds of DDT. Dosages in excess 
of this in most cases seemed to show no additive effects. 

Method» of agaUcatioav—Almost any type of container or apparatus 
available in the field was wed to dispense the DDT oil solution. Knapsack or 
other types of oil sprayers, with the spray non.V adjusted to produce a tine 
spray, were generally satisfactory (fig. 57). Owing to the unusual spreading 
qualities of DDT oil solution, simple pouring from a bottle, bucket, or can was 
both feasible and effective on some breeding places; or the solution was poured 
over wet gravel, sand, or earth, whkh was scattered over the water surface. 
Successful control of anopheline breeding for periods of i to S weeks was 
obtained in ponds on which bags of sawdust soaked with equal parts of 5 per- 
cent DDT in crankcase oil and 10 percent DDT in gasoline were placed. A 
weight was added to the bag to make it submerge. To keep the bag from 
•inking into the mud at the bottom of the pond, a stoppered empty bottle or 
■one other buoyant object was attached. The DDT oil solution gradually 
released from the snaked sawdust was observed to control breeding in roadside 
ponds for 2 to 3 weeks. In the treatment of flowing streams, the oil solution 
was applied at rather wide intervals, since the moving water assisted in spread- 
ing the larvicide. In treating streams, standard mechanical methods of the 
dripran type were sometimes used. 

For temporary control, DDT dust mixture was applied in the same manner 
as pari* green dust. DDT dust was effective when applied at the rate of 0.1 
pound of DDT per acre. This means 10 pounds of a I-percent dust, or ä 
pounds of a 5-percent dost per acre.  To insure adequate coverage of breeding 
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Ffcu-ac S7.—Kealllai ku psmijrm. with uiL Wh M«r»rU Cnatnil I »It. 
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imw, tlie I-percent dust wan preferred where traiis|N>rtatHMi of material» WKS 

not I<H> difficult. 
For residual if Mitral, a Hingle application of the Itt-pereent l)I)T tlust 

ifMHtHilmte itt I lie ml« of II» pounds |M*r «era was sometime« innl to secure a 
nwidiial killing action for 'A to it weeks. Residual action was more likely in 
water area* covered with thick vegetation where the dust film was |>mtected 
from wind and wave ad ion.'* 

Oiling with fuel oil in hand spray pumps (knapsack* ami especially with 
CWS (Chemical Warfare Service) derontnminatioii sjH-ayer* and some sleeve- 
t.vpu tirenghting unit») was the most general procedure. Some «He wan made of 
bucket»» ami IIMM*. sprinkler iMaik*. ami oil-impregnated sawdust, owing to lack 
of sprayer*. VW re native labor was available, it waa usually rm|4ored, and 
aoaae of it waa quite tawiafactory. This waa more often true in Australian New 
Guinea than in Netherlands New Guinea. For the use of these laborer*, the 
governments of Australia ami Xrtiierlaiid* Kant Indie« were rcinilmrsrd at a 
low rate liy tlie 1"nited Stales (hg. A»). 

Sprayer*.—Kna|Mack sprayers were often scarce ami tlie ty|ie fnrnisJwd 
wen short lived. Tlie following suggestion for improvement of this equipment 
waa offered by Cant, «lohn Coffee of one of tlie tfmtrol units <MI Nuemfoor: The 

» V«r Urpartmt TrHmlml BaHMIa iTB MEID U. 3 Mir I»M. 
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rara 5*.—Malaria mM «HtHrfaa aaa citarliw crew» faralahp« kjr la» AaatraUa New 
«He fait to the Uta Malaria l^natml 1 ait. New Ualar«. 

oath* abouM be reinforced, the bottom asonrely soldered in, the sponge rubber 
aaal anMUHJ tha top improved, and the top clamp for holding the boa» made 
atrongar. Rubber dis^ihragms of three thieknesncB of auto inner tubes ware in- 
atalled in tha field, Imt these, too, «ere abort lived. A spray outfit used by one 
malaria control unit consisted of two tight dram to serve aa pleasure tank and 
oil «ontaine» coupled to ■ amall compressor and carried in a light tank. 

There was need for good substantial hand »prayers for use in the mem and 
barracks, a« they were not available in advanced areas. The amall atomise» 
(two maea), developed al the Orlando laboratory in Florida for hand appli- 
cation of apray concentrates, failed to have any special advantage». Ttiry 
could not ha carried into combat by troops and were not aa useful in Mabiliaxd 

, as ware the Aerosol bomha and luind sprayers. 
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A number of |M>W»T spray units were improvised in the tield »ml were espe- 
cially lielpful when hilmr was scarce. 

Airplane spraying.—Airplane application of DDT in oil was undertaken 
on a limited scale. Tests were made in Australia and also in New Guinea. 
Experimental tests of this method of controlling mosquitoes were enrried out in 
July 11)44 at Kadzab with CWS tanks on an A-20 plane and, later, with a spe- 
cial tank (1J)."> gallons) witli ma. I control on a B-25. As a result of this 
work, it was concluded that DDT was I'M) percent effective against flies and 90 
percent effective against adult mosquitoes, hut was not effective against the mites 
transmitting scrub typhus.** 

The «econd test of the efficiency of airplane distribution of DDT was nnde 
on Owi Island, on 20 July 11M4. This was primarily to test tlie value of the 
spray against mites, but observations were also made of the effects ou flies and 
mosquitoes. The spraying did not appear effective against mites, but flies were 
not noted after spraying; however, the area of effective coverage appeared to 
be limited. Biak was sprayed 2 days later, and Sansapor on 4 August, 4 days 
after the landing was made on that island. 

Morotai was sprayed on D-day, 15 September, the first instance where 
this was done; further sprayings were made on D+1 and D-t-14. The results 
were reported by Capt. P. J. Darlington, Jr., SnC, as follows:» 

I arrived on shore at MOO on D-Day, and at 11.10 the DDT places came over. They 
cams over again on D-f-l between 1100 and 1U\ The weather waa clear and dry with 
only a slight but*. The ptann I ai lew about 100 feet above the ground and followed 
parallel paths 300 yard* or lew apart * • *. It mil to me tbc plan» laid down too 
Uttle spray- The visible rnlet trails which they left la the air were very thin and only a 
few yards wide. 

There wet* very few adnlt Insects her» to brate with so far as I «wold And In the 
few hoars before the flrat spraying had time to take esTect. I saw ndy one adnlt moaqatto 
and a very few adseatmneons flies. There are still only a few adnlt moaanitoes and flies 
here, except in a few peaces, bat it Is a aneatton how araeh of the eredU ahsend go to tho 
DDT. I was not able to And seeedsng plans la time to make a earvey of n, «a, alto ktrvno 
before f.te spraying, bat on the morning of D+4, 3 days after Uw serond spraying, la an 
area over which I saw planes pass an both D-day and i>+4, in a shallow open swamp, I 
made about 10» dtps and gat nearly 1J00 Anopheles and many cnlldne larvae. The Ansah 
etas were of all Insure, lailading amay fourth, bat 1 fond no papa». The assiaci of 
Aaapaelee pnpoo three «aya after the sseand eprayla« may mean that the DDT killed the 
hug* larvae of this epactes, bat oertalnly the eflert on larvae was net great, even in this 

A single heavy application en D-day weaM peehahly ho batter i 
*T* days.   In any ease, the «IT—> of DDT part down on Morotai waa probably te- 
nt.   Althongh Initial nrw»jrtng of a new benennend has to be done by the Air Pore» 

from a distant base, later sfmylngs onght to bo done from the binthhiad Itself by properly 
eoadpoed Cub Planes. 

»■Varna*». CM. M.ar*» C. Place*«. MC. ta U. CM. aattlltb I. Orta. MC. 11 As*. 1*44. 
•abject: laaect CoalrM <DOT>. »WPA. 

» Utter, tiat. P. J. Dartlattas. 1r.. snC. oak» «f lot SarsMn XI Carta, ta flarsroa. flfarta D-fl. 
Aratr. IT sept MM. «aejet: AlreWse Sprajrlaf of DDT «a Marital liiaaa. 
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The 15 September spraying was at the rule o" 0.13 pound per ncre, the 
spraying next day was at the rate of 0.4«> pound per acre, and on 21) September 
the rate was 0.30 pound per acre. 

Biak was sprayed in October 1044, and Hollandia in November. 
The plan of applying DDT in connection with landing o|ierations appears 

to have been well thought of by both malaria control men and operational of- 
ficers. The latter did not appear to have been sufficiently impressed, however, 
with the need for previous preparations of supplies, equipment, flying person- 
nel, and careful application. 

Oil solutions of DDT were used, but Mr. Douglas Waterhouse (Council 
for Industrial and Scientific Research at Canberra) thought emulsion might be 
applicable. The following formula was his c Sioice after testing many emulsify- 
ing agents: From SO to 25 parts detergent (Bozetol, Tween GO, or Solvadine BL) 
used with 75 to 80 parts of chlorobenxene, containing 00 percent DDT. The 
mixture is suitable for preparing emulsions with any type of water and is quite 
stable in storage. 

Extensive work was carried on during November 1944 under the direction 
of Cap». William C. McDuflfe, SnC, to develop standard technique for apply- 
ing DDT oil solutions from the air. As a result of this work, improvements 
were developed which resulted in more effect i ve use. As 1 he combat area nw>ved 
north, however, the need for airplane application of DDT lessened. 

Equipment for airplane application of DDT received attention from the 
Australian and American authorities. Littlo testing of the Husmann spray 
equipment on Cub planes was done. Some tests carried out by the Fifth Air 
Force in March 1944 showed the equipment to be satisfactory for small-scale 
work. Most authorities felt that such equipment might be advantageously 
employed in base or intermediate areas where extensive breeding places must 
be treated and especially where native labor was scarce. Mijc emphasis was 
placed and, in tlie opinion of these authors, rightfully, on the development of 
equipment for use on fast planes in combat areas. 

The Australian group experimented with the use of wing and belly gas 
tanks on Beaufort light bombers, which planes were widely available for 
such use. The wing tanks held about 90 gallons (British) and belly tanks about 
185 gallons. They were already fitted with dump valves, about ft inches in 
diameter, controlled by air pressure lines from the cockpit. They could he 
opened and closed readily, thus conserving the solution. The exhausts were 
fitted for applying insecticide with a t<*pered spout similar to the spout on 
the American CWS tanks, and the oil was broken up well with the slipstream. 
Initial work in New Guinea indicated that airplane spraying with DDT was 
highly effective against larvae and adults of AmopktU» punetvimtiu. 

In preliminary tests with a 5- to 8-mile wind, flying at a height of 100 feet 
at a speed of 170 m.p.h. and the two wiiig vents open, good coverage was secured 
over a swath about 800 feet wide and some coverage, for 800 to 900 yards. It 
was observed that, in some instances, as little as 20 percent of the solution could 
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be accounted for on the ground as indicated by dyes in tue solution. Tin* two 
openings in the belly tank (about 14 iiwlit-s apart) appeared to give coverage 
of a somewhat narrower swath. The effect* of corrosion of tanks and equip- 
ment, and its effects if tanks were subsequently used for gasoline, had to be 
considered. 

In the U.S. Army group, initial work was done with a Piper Cub plane and 
the Husmann spray unit. Later tests with CWS tanks (M-10) on A-21*s with 
a metal disk in front of the glass disk .vere made on Owi. The metal disk was 
provided with a wedge-shaped opening with the curved edge down. Then, the 
glass was broken by detonation, the disk slowed down the discharge, and per- 
mitted complete discharge of the oil. This work indicated the ntrd of manual 
control. An A-21 with one of these tanks, flying 220 miles per hour at 54) feet, 
gave effective coverage of an area approximately 2 miles long and 100 yards 
wide. In these tests, 32 gallons of material was used, and it covered alx>ut 72 
acres. 

A new CWS smoke tank (KLB) of 195-gallon capacity was mounted in the 
bomb bay of a low-level bomber aircraft B-25-D. This equipment, flown at 
200 m.p.h. at an altitude of 100 feet, gave effective covering of an area 200 yards 
wide and 4.4 miles long. The preliminary work was done nt Xadzab, and excel- 
lent kills of test insects were secured. 

Drainage and filling 
With the rapid northward shifting of the war theater, extensive and ex- 

pensive drainage operations exclusively for mosquito control were not war- 
ranted and were not carried out. Furtherni'ce, the rather heavy machinery 
necessary to carry out this procedure economically was not generally available, 
since it was required for construction of airstrips and roads. There were some 
rather large hand-dug ditches near Lee, and such work was expedited by the 
nee of a bulldoxer to clear off the surface. Some dynamite was also employed 
for swamp ditching. Shell craters were used for earth-covered dumps and 
thus were gradually filled. Roadside drainage was improved in many cases, 
thereby eliminating important breeding places (figs. 50 »nd 60). 

Destruction or burial of manmade water containers waa a first requisite 
after taking over previously inhabited areas. Experience »bowed that sage 
swamps and rain forests should be opened up as little as possible, since elimina- 
tion of shade induces breeding. Logging operations, however, did that and 
also left the areas eat up so that water remained ou the ground. These area? 
required special attention and were diaVuk or impossible to control by conven- 
tional larvicide methods. 

NmturmliMic ctmtrol 
Little or no effort was made to transplant fish into mosquito-breeding pouts. 

So many of these pooh were temporary that the fish would soon have been 
killed.   In some more permanent water where breeding occurred, top-feeding 
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r»i« ».—Hub« «train»» «tea, 8th Malaria Coatrol Ualt. 
Haw Galan. 

minnow« were observed in great numbers and undoubtedly »erred to hold down 
mosquito breeding. Manipulation of fish did not appear to have modi practi- 
cal value under New Guinea condition». Some predaceous munquito larvae 
were collected and reared. 

Water impoundment and control of water levels scented to have no place in 
the control of mnaquitora in connection with the war operations in New Guinea. 

Mapping 

Some survey units reported shortage of dittoing equipment for mapping. 
Opinions regarding the value of maps differed. In general, they were thought 
to be useful even though the picture regitrding breeding places created by U.S. 

-37 
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»ditch, 8th Malnria Control Unit, 
Hew Golan. 

operations changed almost from day to day.   Aerial photographs were used 
by some but «-ere not generally regarded as highly useful. 

Aduh Mosquito Control 

Environmental measures that were employed in this theater against adult 
mosquitoes included killing by means of insecticide sprays and screening. 
Under ideal climatic conditions, the pyrethrum spray, as dispensed by the Freon 
Aerosol container, was very effective. However, in the majority of tropical 
conditions where an »tteni|tt was made to maintain tlie maximum ventilation, 
it was found that the efficiency of IIM> pyrethrum spray was much less tlinn 
would be expected in a relat ively conliiied area, owing to live rapid dispersion 
of the mist by the l>ree»>. Airplanes, when returning from malarious to non- 
malnrious areas, wen* sprayed, in an attempt to prevent further spread of 
mosquitoes, and introduction of species. 
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No use was made of organized udiilt spraying details, liecause I In- |>rin<;i|ial 
malaria vector (.1. /lumUtltitiix), wlnii on (lie wing or attempting to feed, is 
often not noted by the lay person and in many area* was difficult to capture 
by experienced observers using standard catching methods. On oilier occa- 
sions, adult spraying was impossible liecause of inade<piate supplies of pyre- 
thrum sprays, altbougb Ibis situation was later corrected. Wire screening, even 
when available, did not prove practicable in the forward installations of this 
theater. This was because the majority of the buildings were of native type 
(thatched) of construction which did not lend itself to screening. Even build- 
ings of better construction were left with many openings through which adult 
mosquitoes gained admission. Some ol»ervcrs lielieved that, unless extremely 
intelligent use of screening was made, the employment of it led to a sense of 
false security rather than toeffective protection. 

Theater directives specifically stated that all staging areas and campsites 
were to be located so as to avoid proximity to native villages and camps and 
to those areas known to have a heavy population of malaria-carrying mosqui- 
toes. Natives were removed for at least 1 mile from all installations between 
dusk and dawn. 

Suppressive Treatment 

Troops under orders to move from the Australian mainland to malarious 
areas were given two Atabrine tablets (0.2 gm.) daily for the 7 days im- 
mediately preceding the expected date of arrival in malarious areas. Troops 
arriving in malarious areas without having received previous suppressive medi- 
cation, as frequently happened with new units from the United States, were 
given four Atabrine tablets (0.40 gm.) daily for the 3 days immediately after 
arrival, and then continued on with the routine suppressive treatment. Stand- 
ard Atabrine treatment, was directed for all troops in malarious areas; the 
policy was one tablet (0.1 gm.) per man daily. Suppressive Atabrine was ad- 
ministered by roster in the presence of a commissioned officer in such a manner 
as to insure that each person actually swallowed the medication. Under cer- 
tain circumstances, such as in combat areas, where it was found impossible to 
hold a daily Atabrine formation and the need for maintaining a fully effective 
trained unit over a period of time was particularly great, an alternative regimen 
of five tablets (0.5 gm.) twice weekly was used with success and was sufficient 
to maintain effective blood Atabrine level. 

Method of administering Atabrine 
The method of administering Atabrine after mess, preferably after the 

even ing meal, was as foliows: 
1. The soldier proceeded to lyster bag, or other water supply. Water was 

allowed to run into his canteen cup to the depth of not more titan one-half 
inch, by a private detailed to this duty and to that of regulating the rate at 
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which the column of men approach the "Atiilirinr Inlili1."   'I'liis was important. 
Crowding in the line |>crtiiillc<l tin- iinpro|>cr <lis|>osal of the drug. 

•2. Willi canteen cup containing water in his left liiiiul. th«> soldier pro- 
ceeded to receive his Atalirine with at least a distance of :> feet Ulwovn liim 
and the soldier preceding mid the one following. 

3. Tlie approximate dose of Atabrine was delivered into liis nntsl ret died 
right hand by an enlisted limn detailed to this duty. I'nder no condition was 
the soldier allowed to "help himself' to the Atuluine. Without closing his 
hand, the soldier, facing the sii|M'rvisiiig officer, tossed the Atalirine into his 
mouth, drunk the entire content* of the canteen cup, und in verteil the empty 
cup squarely upon the table. These acts were constantly supervised by the 
commissioned officer from the beginning to the end of the "muster." 

4. The soldier proceeded to a distance of at. least :i feet to 'the checker" 
(noncommissioned officer) to whom he state«! his full name and rank and 
waited until his name was checked on the roster. 

5. The soldier then assumed the |»osiiionof "at ease" in a second formal ion. 
new addit ions to which took their places in front ranks. 

The formation was continually supervised by a noncommissioned officer 
whose duties were to detect any attempt i»t impro|>er disposal of the Atabrine. 
to keep the formation at <«*<, and to release small formations after the last man 
to arrive in the respective formations had been present at least 5 minutes. 
Stragglers appeared before an officer to take their Atabrine and to be credited 
for hu v ing done so. 

The adoption of the simple method of Atabrine administration caused a 
complete cessation of recurrent attacks of malaria in large bodies of -. ien, 
all of whom were subjected to acute episodes of this disease." The success re- 
warding Atabrine snppreasive therapy was dependent upon the thoroughness 
with which the administration of tlte suppressive agent was supervised. 

Suppressive treatment im combat 

"The Suppression of Malaria in Combat" is the title of a report forwarded 
to The Surgeon General from a malaria research unit in tlte Southwest Pacific 
and in tmiuniartied an follows:" 

TV« Is ao loafer any doabt that Atabrtae I« highly Hhwtive la the auporiaaloa of 
■Mlaria erca la csaabat. haft tact» kau beta a« natty of nptak« an to Jamt how lark 
aealarta ariakt he) exnertetl »*r —pawloa. It ban been aaalatatard by aoaae that there 
MH be ao auUarla if ereryoae took Ike reaalred aawaata of Atabrtae. TUa belief waa 
baaed ua erpertaarata oa larpa bat amu—rily HaUted anaern-m of an aanW retatirety 
favorable eoadlUoas. The few who reported with clinical malaria had been anabte to 
take the drag. 

- letter. Lt. r«l. Gnirae O. Daacaa. MC. Raroma, SSlStk BMaaaUtiealac Oraler (PreT). ta The 
■araeaa Oeaaral. 4 JIB. IMI, injMt: lieaVal Ik-aartaapat Brfart, M~r> Ikrrato. ft. III. The 
AtaerUw Maater. 

■ Malaria Kraar« X». aaa, Ta» Raaamalua af Malaria la Cnavkat. a Oct. 1*44. la Itaar« for Uta 
CeonMaaUea af Malarial StaaUra, A Jala« Bea> Oaaewa af «. an» .lairrm af the (MaW af artratavr 
Hnniit aae) Pwiaaawat, the Anajr. the Na»jr, the t'l. PaMk Haalth aWrlee. am* Ihe Naoaaal 
BeaMreb Caaaett. Tal. III.    [OaMal reoMeX | 
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Serious toxic effects—atypical lichen plnnus, a|>l»sti<* anemia, ami iiriili* 
psychoses—were infrequent, though tin increasing incidence was noted «luring 
1944. Sometimes, they resulted in prolonged disability, evacuation from the 
theater, niiil rarely, death. Moreover, knowledge of toxicily had a had effect 
on morale. So did (he relatively harmless but sometimes alarming yellow-green 
pigmentation which occurred in (lie majority of those long under Atahrine 
suppression. Theiv was also an unfounded hut highly prevalent rumor that 
Atahrine suppression led to impotenry and sterility. Such a laid effect did 
these toxic effects und these rumors have on morale that they sometimes con- 
stituted a serious interference with effective Atahrine suppression. All mention 
of malarial incidence and toxic effects of Atuhrine had to 1M* banned by the 
censorship to avoid quotations in the Australian pa|M>ix which reached the 
Allied Forces. 

Supplies of Atahrine generally were adequate throughout the theater. 
In the few instances when the supply run low. there was always enough 
available among the men to avoid a break in the routine. 

Conclusions of » controlled study of tlie |iersounel «if the l-iOth Infantry 
Regiment, A'M Division, its follows: 

1. When 1.0 gin. Atahrine was taken every week, at least !»8 percent of the 
I roops were protected against clinical malaria. 

2. Difficulties of administration in tlie Held and I lie inability of a certain 
|iortion of tlie men to retain their 0.5 gn». were at least three times as important 
as true "breakthroughs*' in producing a rate of 140 per 1,000 per year. 

.1. Even when more than 50 percent of the troops would have developed 
malaria in 2 months had they not been protected by Atahrine, suppression with 
this drug was c*|>ahl* of keeping tlie clinical rate during combat at a negligible 
rate. 

Epidemiological aspects of suppression 
A summarised field research report on tlie epidemiological aspects of Ata- 

hrine suppression follows." 
As this wan the first time that an Atabrinizfd army had fought in a hyper- 

endeniic malarious area, it was important that tlie part that Atahrine played 
not only in tlie suppression of clinical malaria but in the prevention of epi- 
demic malaria Ire understood. Atahrine had a direct effect on viww garnet ocytes 
and prevented tlie development of f<i/ri/»i,nm gametory'rs in adequately sup- 
pressed individuals. Thus, it prevented tlie infection of niosnuitnea, which in 
turn meant fewer infectHMIS of otlier soldiers. This cutting off of the source 
of furtlier infection made it possible for troops to fight in hyperendemi'- areas 
with a high degree of protection from Atahrine ami n resultant greatly de- 
creased amount of infection. 

" U'lrr. MaUrta  lUwarra l'llt. M MraVal l.uB»rat»rjr. I.. Th» ftaranm (l*a*ral, » Jaa. 1MB 
■aajrri : Hr|wr« N». 1.1. TV KplaVliilnal« »I McaMracrv i.f Uaartar RapBTrimfea. 
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Epidemic, fn/ri/mrum malaria in I hi* tropics acquired \t* explosive nature 
by tin1 geometric increase in tlie number of crescent carrier* which develofied 
in I lie noiiimiiiiine population. Although llu> increase of anophcliiics liroiight 
about by the troop o|>crafioiis also played a large part in the genesis of the 
epidemic, an increase of anophelines alone with minimal number of gameto- 
cyte carriers was incapable of producing the epidemics experienced by l>oth 
the. American ami Aast nil inn Annies in the early campaigns. 

Unfortunately, there air no studies available of the gametocyte and mos- 
quito infection rate, from the beginning to the end of an epidemic, but it is 
]>ossible to compare the rates obtained during endemic anil epidemic situat ions. 
The outstanding epidemic of malaria in an unprotected and nonimmune impu- 
tation occurred in the Netherlands East Indies colony of Tanahinerah: here, 
the attack rate reached an average of four yearly attacks per person. It was 
(lining this epidemic that the higlu>st infection rate «if mosquitoes was ob- 
tained—1^.7 percent. Ileyilon'-*•"' at KIIINIIII found a siMirozoite rate of 3.9 
percent and an oocyst rate of '•>.(* percent in 220 dissections, despite a low 
parasite rate, in the natives. I levdon, however, lielieved that, since most of tike 
infected anophelines were collected from bouses with known gametocyte car- 
riers and since they were kept for some days liefore dissection, this rate does 
not reflect the general rate in n.-i I lire. 

Finally, it. is of interest that the lowest re|>orted infection rate of inos- 
quitoe-o (0.06 percent of 1.7:15 dissections) was obtained during an off season 
for malaria transmission at the native villages near Lnlapipi, and it w*s here 
also that the lowest gametocyte rate was obtained in tlie native surveys. It is 
true that local conditions contributed to this abnormally low rate in A. punetu- 
latvs, but it is believed that tlie data just cited established the fact that in New 
Guinea and elsewhere tltere is a direct, altliough not constant, relationship be- 
tween tlie epidemicity of a situation and tlie infection rate in tlie anopheline 
vector. 

The combination of (1) an efficient vector in sufficient numbers, (2) a large 
number of susceptibles, and (3) a few infections to start the chain of trans- 
mission make epidemic malaria inescapable. This had been true regard!«« of 
the size of the original reservoir. One of tlie most devastating of military 
epidemics occurred daring the southern campaigns in the Civil War in areas 
which had only moderate endemk-ity. Thus, the amount of infection in the 
natives is of relatively little importance in tlie outlireaks of epidemic malaria 
in unprotected troops. If, however, the great majority of soldiers cannot be- 
come gametocyte carriers because of adequate Atabrine suppression, tlie epi- 
(I uiic cannot occur. Tlie amount of infection left behind by enemy troops will 
have a short-lived effect, while tlie amount of infection caused by the natives 
is of much less inifiortance since contact is usually not clone. 

« Hrr*>;i. II. A. X.: Malaria at Rakaal.    M. J. J   -r r.lU 3. «2S-«ti. Drmafcrr II». 
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If tlie forejroinjr thesis of the smothering! elTect of Atahrine suppression 
on epidemic malaria is correct, it should IM- jiossilile to denionstrale a direct 
relationship between the niiilnriii nite under suppression, the pnnetocyte rate 
in the troops, and the infection rate of the mosquitoes collected from troop 
areas (tables 7.*> and 7ti). llecimse Alahriue had a direct etfect on the ricax 
gametocytes, hut none on the fold/HI rum crescents, one expected to lind that 
with «rood but imperfect suppression only fiiMpti.-um curriers are discoverable. 

AULK 75.— t'nmpnrhon of gnmrlnrytt rnlr AM«/ malaria ralr in mlrrtrH trtwp*. Ifl.f.f 

18th Brigade        
2/14 Australian l'i<ld Company      3.3fi0 
Selected V.S. Army unit»»       

Mubiriu 
mir ' 

Mill 
Oiinwlm-ylr ruin 

tfm»moJium ItumadittM 
fnlriftmriim        riw 

Kxitftli"»! 

f*ltiimr*n 
rule 

AM mfitr /Yfcva» »Vrrrat l\rml 
7,411(1 90 10 8 12 
3.3AU 88 3.4 112 ft. 7 

200 2,000 .25 .33 

1 Rat* e»pwwa<l w nilmhrr of ntfnt |M>r iu*QUm per 1 fiUb avetKav süvnf Ul. 
* rvlir Atahrin* MiiHimalve thfruiiy. 
«ounv: 1*11«. Malaria Rmnm-h Cnil. »I Mwllntl 1-aW.lory. to Tht Honraa ihmL it Jan. l*tt, mibrcl hrpon 

No. IS, Thr eiifclrmlokwtral StgnHknum «4 Atahrint HaiawnriaB. 

TABLE "ft.—Sluanuil» Ai*»trHamt (Anopheles punctulatiisl 

Lomkm Mulnri» 
rnlr ■ 

;                       1 
MnW|Uttor«. 

; rtawiacd , 
Hal 

I'antun 

•     1    i •lamfc 

Hair 

«Miiatard    Ktpttu* 

JVaaaS» 
1 

Itrnml        Itmwl 
Ba.nu Valley: 1 | 

Uae. 3-17.          4,000 IM 4 :i 4. 3 ,          «. « 
Jan. 7  2.440 i:t» 1  '< 2 2. 2 1          4.1 

Scattered troop arm», I1M4 200 1       «77 
i 

i 1 .a!         .3 
1 

• The rata (la thrat t>«x am a i aaaanaKc« iMani m—1 m —itiir af an KM aaaaat an Xjm nim 

■  l^t»r.M»a»r»llMia.T>ra»t.MMrtlaall«haia^,»aTte 
N«. la. Taa Eal aa»iila»liil »kaMkMaH at Alat raw 

The expected ftrfcifHtntn gametoryte rate in troops as shown in tables 7ft 
and 76 may be calculated on the follow inn aswumpt ion»: 

i.IT»» a rate «if 3M per 1.00» \<rr year. »■*■ nCrmr irr an was lafrrtml earh jwr. If 
half « f law InTnlkiaM are /arWaarwm aa* If cae-lhird rf iHnar latrrttnaa hti-naae i riant 
carrleea, the* 1 «f erery 30 am will he a rmnt carrier each year. Ware the carrier 
»täte laute a little «m a aanata. at any t laae nar might eipert 1 la 300 aara In hare mmeata. 

If of» am—in. tbat the an-raa» life of .4. paartatofa* la akaaat 2 week«. aa4 If at leaat 
SO perreat of her l*»«l aaral* are baaaaa. thra the average .4. paaWaJafaa will hare aaal at 
leaat tw« aaaiaa bamd karat». If «aly 1 per aa» aam ere man at ranter» aa4 if «aly taaa- 
hatf uf the rreareat carriers are lafaetl—a for aaaaawltqea, tbea «aaly 1 per Ml» taf the wiM 
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rauvlil aiiupheliiiex nin.v be ex|iecte«l tn be infected. Thetie i-iilcnltilioiiH are nimle for the 
faMparum InfociliiiH alone. Tbe preacuce of rletur currier« at the ninne time would change 
the figure» hut would not be iff at enough to change the order of magnitude. 

It may he concluded, therefore, tlmt the majority of infections which are 
acquired by trooiw under poor or inadequate suppression come front the troops 
themselves, and as suppression l>ecomes more perfect, a larger |*»rvent»gc of the 
infections will come from the native» and enemy troo|is. 

Nevertheless, although the troops themselves were the chief source of infec- 
tion, it was also true that in many areas of the theater there were considerable 
reservoirs of ganietocytes in local populations. The removal of villages to an 
optimal distance of 2 miles from troop areas and the Inuring of troop areas to 
all natives from late afternoon until full morning light were certainly impor- 
tant measures for lessening the transmission of malaria to troops. 

Plaimochin naphthoate 
Plasmochin naphthoate has often been used in the routine treatment of 

falciparvm malaria with the idea of eliminating crescent carriers and thus of 
cutting down on the spread of the infection among the troops. This would be 
sound reasoning if nun* of tlie persons who are carriers of gametocytes had 
previously been hospitalised for malaria. With increasingly adequate suppres- 
sion, however, the gametocyte rate drops. Secondly, only a small proportion 
of the gametocyte carriers found on routine surveys hare been hospitalised for 
malaria. Of the four crescent carriers who were picked up on routine surveys 
and whose histories were checked, one denied ever having been sick. Of the 
others, one had been hospitalised for dengue and two for fever of undetermined 
origin several weeks previously. Parasites had not been detected in any of 
them. Thus, none of these cases would have received Plasmochin naphthoate 
through routine treatment of malaria. The development of a crescent carrier 
state during indifferent suppression was demonstrated in another person who 
on routine survey was found to have 100 rings per cubic centimeter of blood 
but was without symptoms. A repeat smear a month later showed 10 crescents, 
although he had at no time been sick. 

Samte »pwciftt Madia 
In the following section, specific data are present*.'. concerning a variety of 

«nits under different conditions. 
A great deal of emphasis has been phced on the diaVuhy of malaria con- 

trol in combat areas with the result that it is often not realised that even during 
"good mosquito control" in an established base, a large portion of the men lie- 
came infected. A port company which arrived in one of the bases some months 
after it was established and which was quartered out of flight range of any 
native village became, under indifferent suppression, highly infected. Six 
months after arrival, they had 17.2 percent positive smears and had a rate of 
44i per 1,000 per annum.   A station hospital which arrived in the base : 
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months after that had 7.1 percent jxwitive smears with a rate of 287 per 1,000 
men per annum. Because of poor suppressive mul little personal antimosquito 
protection, these troops served as the source of their own infection and built up 
a high rate despite the extreme paucity of adult anophelines and the lack of 
contact with infected natives. 

12th Cavalry Regiment.—The läth Cavalry Regiment of the 1st Cavalry 
Division is an interesting example of what good Atabrine suppression can do 
in the way of preventing epidemic malaria in troops. The malaria rates for 
this regiment from March to July 1044, which are representative of the divi- 
sion, are shown in the following tahului ion: 

Halt prr 
I,»** «'» 

Mmmtk per mnnum 
Man*             ... 4« 
April   -      90 
M«y      48 
Jane  48 
July           54 

Previously during staging, they had only a few cases in the whole division. 
Surveys were conducted on the troops on 24 April and 13 July 1044, 1% 

and 4% months, respectively, after the invasion of the Admiralty Islands. 
On the first surrey, Atabrine levels were very satisfactory, and 2.2 percent of 
the 184 men showed positive smears. On the second survey, tlie Atabrine levels 
had dropped so much that had this group of men been heavily infected one 
would have expected a high malaria rate. Actually, they did not have a high 
rate, and only 3 percent of 200 men showed positive smears. 

These results were aided by the fact that Los Negros is a predominantly 
coral island, and thus both adult and larval anophelines were not common. 
Only 90 adults were taken on repeated collections near the native village. The 
paucity of anophelines on Los Negro», however, explains the overall low rat» 
which was present in the entire division throughout their period of combat 
and following, for anopheline larva and admits were very common onthenaddy 
clay soil of Manns Island. One evening's all night catch in an Australia New 
Guinea Administrative Unit labor camp about a week after combat troops had 
left the area yielded over 150 adults. The authors saggest then that the cam- 
paign on the Admiralty Islands (map 98) is an excellent example of ton 
ability of Atabrine suppression therapy to prevent epidemic malaria and tana 
a large number of infection*, even during combat in a hyperendemic malarious 

Si lafaatry DWmm A diferent picture was presented by the S8d In- 
fantry Division. Their previous campaigns had left them with a huge load 
of infection to start with, although by the end of 1048 and the beginning of 
1044 about one-half of the men were replacements. During the early part of 
the Saidor Campaign, anopheline breeding was excessive and large numbers 
of adults could occasionally be collected. The largest catch made by the per- 
sonnel of the Oth Malaria Survey Unit was 880 in one tent in an all night catch. 
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During this period, the entire division, including t he 128th Infantry Regi- 
ment which was studied in early May 1W4, was taking 0.5 gin. Atuhrine twice 
weekly. This regimen, however, did not produce protective plasma levels. It 
is natural then that witli the swarm» of nnophelines and with the inadequate 
suppression which allowed crescent carriers to develop (two were discovered 
in 400 smears) considerable infection of the troops would take pla<-e. Yet 
suppression wns good enough to prevent conditions approaching epidemicity 
as shown by the low infection rate in the annphelines (table 77). 

TAHI.E 77.—Malaria attack ralr» in /Ar IWtk ami IJStk Infantry Hrgimi HI«. January July !».}.{ 

tRnirf\|>r«^nlii.«numlrri>lni^-M |*>riinniini irr I.Hmuvcnwin'niiihl 

Month iwth Infiintry 

Janiinrv. 
February 
March 
April ... 
May. 
JlllH' 
JlllV 

l»U 

try l»lli Infantry 

HOI 45 
175 H8 
»14 175 
I'.HI 184 
L>1M !M 
:<7i 'JT2 
i:i4 15« 

Saonr: Lrttrr. MnWti Rnmreh t"Bll.»l .M>dfe*l lanmtary. lo The Swcroi < triuTul.» Jui. lM5,fuh]Nt: Hafntl 
N». IS, Th» EpMemMmlnl «rot« TUK- ■ of AUhrilw SuiawrMioa. 

Special studies were made on the 126th Infantry Regiment during July in 
the midst of tlieir campaign at Aitape. In many ways, conditions at Aitape 
were very different from those encountered elsewhere in New Guinea. For 
weeks, the perimeter was relatively static. Large areas of the jungle were 
cleared for lines of fire in front of the pillboxes. The continual creation of 
new breeding places through necessary constructional work in the muddy sunlit 
areas of the jungle oat of reach of ordinary spraying made effective mosquito 
control very dificult. Collection of adult anophelines at this time from the 
jangle hammocks scattered throughout the area yielded 122 anophelines. None 
of these was found to be infected. 

At this time, special study was made of the 1211th Infantry Regiment which 
during the previous month had had a high malaria rate. No crescent carriers 
«en fosmd in the 173 men studied, although 10 percent of the replacements 
were positive on careful search of thick smears. Atabrine determinations taken 
on the men at random showed excellent levels, as reflected in the drop in the 
malaria rate during the month. 

The story of this division may be reconstructed along the following lines: 
They renewed their campaign with inadequate suppression which allowed stun- 
cient carriers to develop among the troops so that when they were lighting in 
areas of high anopheline density a large propnrt ion of the men became infected. 
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Nevertheless, suppression during both of their campaigns was grent enough 1o 
smother any tendencies toward an epidemic, as shown by the low rates of infec- 
tion in the mosquitoes. The story of this division again is an example of the 
interrelation of mosquito control and Atabrine suppression. These two meth- 
ods of military malaria control are complementary. If one method is inade- 
quate, then a great load is placed on the other. 

41st Infantry Division.—It is often pointed out that, with Atabrine sup- 
pression exerting its dampening effect, it is impossible to know just how much 
transmission is going on in an area. It is suggested that greater attention lie 
paid in the tropics to the ratio of fitlciparum infection to rintr malaria as a 
measure of this transmission. It is now well recognized that fulri/tarum infec- 
tions survive only a few weeks under Atabrine suppression, and thus cases of 
faMpamm malaria which occur in suppress«! troops must have lieen acquired 
recently. In other words, one is able to follow the rise and fall of tlte trans- 
mission by following the percentage of falri/xmim malaria in troops under 
suppression jusl as well as during an epidemic in unprotected individuals. The 
data in table 78 were reported from the 41st Infantry Division during and after 
their campaign on Hiak. This rugged coralline island had very few breeding 
places, and for this reason, transmission approaclied zero shortly after the Divi- 
sion landed at tlie end of May. After this, the incidence of falriparum malaria 
waned. 

TAILI 78.—Xamktr ef eema of malaria in Ike 4lat Imfmntr* Diaiaiam, Junt-Auatul 1944 

Wwk cndlnc P. rfw 

33June..   . 
30June  .   . 
7 July   
HJuiy  -   - 
15 Jaly-11 Aufcurt-  - 
IS A«RiHt-2S AuRwrt 

IT r.Jmkiparmm P. faktauun 

An»rf 
18 5 21.7 
Aft 8 U8 
52 12 18 7 
58 8 111 

236 5 2.2 
10» 0 0 

11-aa.M Hi «Ml UiwHwr.f TWI 
ritiMWMMHMta. 

iQwmi.ttm.mm,amHM»: *mj*\ 

SIXTH U.S. ARMY TRAINING CENTER 

Tb* objective in —tahliahing the Sixth UÄ Army Training Center was to 
rewire from combat «nits personnel infected with malaria and to prepare then 
physically and mentally for further combat duty. The surgeon was instructed 
as follows: 

la view of the «ÜMppoiatiac reaalta jrteMid la away ram by —iambi u> la nractfea 
la both Iherapeatle and aaeertaalre treatawat of MMlaria. the Harama of the reater will, 
with the approral of proper aathorlty. awte a dillstat nearrh t» illnn.Trr aad inalltate 

■MM of dnillaa with tkta prublrm. 
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In pursuing this objective, the personnel were divided into companies, and 
Atabrine was administered according to seven different programs. In all in- 
stances, the Atabrine was given after the evening meal, by roster, and super- 
vised by commissioned officers. Parallel studies were conducted in such a 
manner as to reveal unfavorable as well as favorable results following the re- 
spective suppressive treatments.   The comparative studies comprised: 

1. Average daily attendance at sick call from the respective companies. 
Conditions and symptoms noted tit sick call. 

± Admissions to the hospital for all causes. 
•1. Admission to the hospital for proved recurrent attacks of malaria. 
4. Incidence of tachycardia, splenomegaly, changed hemoglobin values, 

loss of weight, abdominal pain, diarrhea, vomiting, fever, arterial hypertension, 
albuminuria, blood smears positive for malaria organisms, and increased 
"Atabrine. Tint" to skin and sclerae. 

5. Need for reclassification to permit milder training. 
6. Changes in body weight. 
7. Wood plasma Atabrine levels. 
These Sixth U.S. Army Training Center studies were summarized as 

follows: 
1. Each of several Atabrine suppressive regimens was found to be effective 

in abruptly and completely interrupting recurring attacks of malaria. 
2. Despite intensive military training for 4 weeks, in two of which the exer- 

cise periods exceeded 80 hours per week, it was not possible to precipitate an 
acute attack of malaria in any of the personnel protected by Atabrine. 

3. Recurrent attacks reappeared from 2 to 4 weeks after discontinuing sup- 
pressive therapy. 

4. There was no evidence that Atabrine afforded less protection after pro- 
longed administration. 

5. Extensive parallel clinical and laboratory studies conducted over a 
period of over 4 months failed to reveal any disadvantage in using a larger 
amount of Atabrine given twice weekly, wer a small dose given 6 days per 
week* 

6. Determination of the concentration of Atabrine in the blood plasma 
revealed that when Atabrine was given in doses of 1.0 gm. per week (OÄ gm. on 
Mondays and Fridays), or, when given in doses of 0.4 gm. every third day, 
levels exceeding 80 gamma per liter (the therapeutically effective level) were 
reached at some period in each 24 bourn. It was also found that, for the most 
part, the plasma Atabrine values remained below 30 gamma per liter when 
0.1 gm. of Atabrine was given daily for 6 days each week. Although these low 
concentrations prevent recurrent attacks of malaria under favorable circum- 
stances, they cannot be expected to afford the same degree of protection offered 
by higher concentrations under unfavorable circumstances. 
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7. Intensive military training failed to affect appreciably tlu> concent ration 
of Atabrine in the plasma concent rat ion. 

8. Frequent plasma Atabrine (lt'terniinations made on |>ersonncl receiving 
the greatest amounts of Al ahmte failed to reveal any significant chants in the 
value» lietween the li ft It anil ninth weeks of the suppressive therapy, ("pon 
withdrawal of the drug, the plasma Atalirine concentrations declined rapidly, 
reaching levels affording little aiitimahiria protection on the fourth day. 

It was further concluded that Atalirine in doses of <).."> gin., given every 
Monday and Friday, offered a high degree of iiutinialnria protection and was 
practicable of application. Atalirine in «loses of 0.4 gin. every third day was 
equally effective, hut its administration was more complicated. The selection 
of the therapy of <»."> gm. of Atalirine. on .Mondays and Fridays, recommended 
for troops in comhat was hased on : 

1. The extremely small incidence (less than 1 percent) of unfavorable 
renrtinns. 

'2. Highly protective plasma Atalirine levels. 
8. The especially abrupt cessation of recurrent attacks when this suppres- 

sive tlierapy was instituted. 
4. Tlie practicability of administering the drug to troops at the front in 

contrast to the regimen requiring daily medication. 
Only 5 persons out of over 4.0110 presented a real problem by having n per- 

sistence of gastrointestinal disturiiMiice after the ingestion of At abritte. Three 
suffer«! from a psychoneurosis with n moderately severe anxiety state. Two 
had preexisting chronic disorders of the digestive tract, ami Itnitune of their 
inability to retain the drug, each suffered a recurrent attack of malaria at the 
Center. 

MALARIA RESEARCH GROUP 

Mention should also be made of the results obtained by the malaria re- 
search group, including, for example, the various studies made by Dr. Frederick 
B. Bang and others on the relative effectiveness of different forms of therapy; 
the proof of the eSciency of Atabrine malaria control in a malarious area that 
was obtained as a result of the "Sooner" expedition to Milne Bay; the evidence 
obtained there and later confirmed by the experimental work of Fairiey that 
Atabrine suppression, at the rate of one tablet a day, will not prevent infection 
with fakipmnm malaria but will hold it in a subdinieal state and eventually 
cure it; and the studies made, on the instigation of CoL Earle M. Rice, MC, 
by the hospitals in Base 3 (Brisbane) on the characteristics of the New Guinea 
variety of tertian malaria. It was on the proof afforded by these studies, 
and by the parallel studies in Australian hospitals on Atherton Plateau, that 
the determination was reached that the relapse rate of this type of malaria 
was so high that, if troops were to lie kept in combat-worthy condition, con- 
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lOH7 M A OUNCE! 

Mmmmum! 
I'IUVMK HI.—Cartoon. "I»»n-t lie A lhnwe." 

tinuous Atabriiie suppression of tnnlarin-infet-ted units miplit In» maintained 
not. only in New Guinea lwt in Australia a« well." 

PERSONNEL TRAINING 

The enforcing of effective personal measure* for tlie prevention of malaria 
was the jrreatent problem of the control prof(ram in this theater. It was 
essential that both oaVers and enlisted men receive frequent reminders of 
precautions to be observed. To aid unit commanders in this, malariologists 
were available in a majority of the forward areas. Two antimalaria schools, 
oaa in New Guinea and one on the Australian mainland, were established for 
the instruction of medical oficers as well as oflkers of all other branches. 
Schools for instruction of company or unit antimalaria details were conducted 
by saalariolafiaU and the oaVers and men of the malaria survey unit and 
malaria control unit in the area. Training Films 8-858, "Malaria, Cause and 
Control," and »-8M A, Wak Disney's "Winged Scourge," were widely shown 
in forward areas and in the antimalaria schools. The use of roadside signs with 
pertinent slogans were of great value in the educational campaign. Several 
posters were produced in this theater for unit bulletin boards (figs. 61, 62, 
and 63). 

* (1) ratrVj. H. U.: CkMM tfcmttstle Sa»»""«" ■■* PnpMufa la Malaria. Tr. Eaj. Sac 
Trap. Ma*. * Hjr«. SS: all MS. Majr IMS. (») Falrtar. X- H.: Atabriaa SaaaaatMUtr af taa AUaaa- 
Wawak Strata, af r. /aktaaraai urf P. Mw, Tr. Rar. Sae. Trap. IM. * H/g. «•: Z3S-1TS. baanaar 
l**t. (I) Fahtar. H. H.: SkMlsMa aa Malaria la Xaa Ohtateaa ay Saa-Iaonlatlaa Bxaartaaata. 
Tr. Say. Sac. Traa. Ma*. 4 By«. «•: *S1-«T*, Majr 1MT. 
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Fiuc»: «2.—Cartoon, -Patt-h That Net Hnh- Twtay." 
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PMVW 63.—Cartnou. -Watra «tat f«r Thla «"how Hound." 
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SWPA Malaria Schools 
A malaria control training school was organized at Brisbane, began in- 

struction in September 1943, and continued for almost a year. Two sessions 
were held each week, one for line officers and one for medical officers. With 
an average of 15 to 20 officers in each class, a total of 1,500 to 2,000 attended 
the school. In 1044, the school was transferred to Finschhafen, New Guinea, 
as troops for the United States were then arriving there instead of Brisbane. 
A school offering courses for medical and line officers was started at Base A in 
March 1944, and later a course for nurses was introduced. Some 851 officers 
and nurses received instruction. 

This theater found that visual education was a very important feature 
in the forward areas. "Sign board" education was highly developed because 
of the shortage of training films with (1) dock signs wherever troops landed, 
stressing that this is a highly malarious area and asking cooperation, and (2) 
road signs of many varieties. Some areas used "Burma Shave" typ" 
signs; others used pictures of clot heil and practically unclothed female figrres. 
All signs and wording utilized were suggested by the enlisted men. It was 
realized that paint in assorted colors, and brushes, should 1» part of the t.xble 
of basic allowances of every control and survey unit. 

As the essence of environmental control was found to be tlte checking 
of areas for breeding, one personable enlisted man from each control unit was 
asigned as liaison man. His sole job was to create good will, inspect the work 
of unit antimalaria details, furnish equipment and supplies in emergency, 
and collect essential supplies for his own unit. 

All ships were boarded on arrival by assistant nialsriologists, and com- 
manding officers of units were contacted about Atabrine discipline, clothing, 
mosquito nets, and all other antimalaria supplies. 

A popular measure for pro-noting oiling work by unit antimalaria details 
was the practice of running a repair shop for knapsack sprayers by malaria 
control units. 

COMBAT EXPERIENCES AND LESSONS 

Malaria control programs varied with local conditions but always in- 
cluded (1) measures directed against the breeding of mosquitoes and (2) the 
enforcement of individual discipline with reference to the use of Atabrine 
and to exposure to ntoaquitoes. As garrison conditions became stabilised, more 
attention was given to the adjacent native populations which were often heavy 
reservoirs of infection. 

The disastrous effects of malaria on the effectiveness of combat divisions 
can he illustrated by citing the experiences of several divisions during the 
campaign to prevent the Japanese from reaching the Australian mainland. It 
was essential that crucial areas in New Guinea should remain in Allied pos- 
session.   The strength of the forces available was limited and the loss of 
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combat troops due to malaria could not well lie afforded, but no organization 
existed at that time which could l>e effective in control under existing 
conditions. 

Four divisions—the 1st and 2d Marine Divisions and the U.S. Army 32d 
und America! Divisions—were rendered noneffective by malaria for a period 
of 4 to <» months ufter withdrawal from the combat area. The 41st Division, 
which had engaged in 70 days of continuous combat around Sanananda Point, 
Dolxidnra, and liuna, rej>orted 3,824 persons, or '27.7 |iercent of the command, 
as ha\ ing one or more attacks of malaria. The XIV Coq» lost the equivalent 
of an entire infantry battalion each month from malaria, and between October 
1942 and April 104:1, 30 percent of all hospital admissions in the South Pacific 
Area were due to malaria. 

During the year 1943, the Southwest Pacific reported 47,663 cases of ma- 
laria and 13,230 admissions for fever of undetermined origin. In a group 
of cases studied, the average hospitalization for a case of malaria was 15.24 
days; 10 r*i ent of the cases returned to duty in 7 days; 25 percent, in 10 
days; and 50 percent, in 13 days. 

In the 10-month period subsequent to its withdrawal from New Guinea, 
67 percent of the 32d Division manifested clinical symptoms of malaria. Over 
80 percent of the 1st Marine Division was hospitalized for malaria within 9 
months of the beginning of the Guadalcanal Campaign. 

To illustrate the saving in hospital beds due to effective malaria control, 
it has been computed that, if the malaria (plus 75 percent of the fevers of 
undetermined origin) rate had been as great in February 1944 as in February 
1943,10,955 hospital beds would have been required for such cases. Instead, 
at the later date, only 1,324 beds were actually occupied, representing a saving 
of 9,631 beds due to effective malaria control measures. 

The two primary factors that were responsible for the lowered malaria 
rates after February 1943 were (1) the assignment of adequate priorities for 
movement of antimalaria supplies and personnel from the United States and 
within the theater, and (2) an efficient antimalaria organization which resulted 
in better malaria discipline, increasingly successful administration of supprcs- 
sive Atabrine, and more effective antimosquito work of all kinds. 

The use of drugs to suppress attacks of clinical malaria was absolutely 
nee« wry in operational anas when malaria threatened, but since its action 
TOI ro prevent clinical symptoms of the disease without preventing the in- 
fection, the Army could not know the extent to which malaria was bring trans- 
mitted in theaters of operations. That transmission continued was certain and 
that it would greatly increase where antimosquito work was relaxed was even 
more certain. 

Atabrine in daily doses of 0.1 gm. prevented the appearance of clinical 
symptoms of malaria as long as the drug was continued. No evidence, how- 
ever, was obtained that Atabrine in suppressive doses even for long periods 
cured viva» malaria.   It was found that, after the drug was stopped, relapses 
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usually occurred within 1 or 2 months, but soinethues much later. Tlieiv was 
no evidence that the number of ivla|>*es ex|>ected after u long peri<id of sup- 
pression differed materially from the number expected without suppression. 
Infections of falctparum malaria, on tlie other hand, were usually cured by the 
suppressive drwjj when it was continued for 4 weeks beyond the last exivosiirc. 
Suppressive Atabrine was the rule in the Southwest Pacific except for Australia. 

It was necessary that drug suppression of malaria continue to lie used to 
reduce noneffectiveness in certain military situations, hut it was realized by 
all concerned that infection with rivam malaria was not prevented thereby and 
that there was no substitute for control of actual transmission. This entailed 
full use of malariologists and malaria control and survey units to determine 
the risk and to plan and execute programs of prevention. Mosquito control 
was effective in proportion to the skill and the energy with which it was planned 
and applied. Improved repellents, insecticides, and suppressive drugs were 
available in the field. Vigilance in the supervision of tlte individual protective 
measures of proper clothing, use of bed nets and sprays, a|iplication of re- 
pellents, and avoidance of native habitations kept down the attack rate in 
malarious areas. 

In the 31 July 1945 issue of Health, page 11, it was stated: 
Malaria remain« a constant threat to the eCet-llvv »tremrth <rf the Amy. While 

the cnrrent low adniiMwion rales |>n>ve that malaria IK m humer "Mt "f nun nil. which was 
the earn in 11M3, they cannot tie «wed a* evidence that the problem has been entirety nilml. 
Low rates will continue only no long a* elective atabrlne dliirlpllne and mnwralio main« 
measures are rigidly enforced. The Invasion of Lnaon has again deMooatrateil that ad- 
vance Into maUrkiua «res« may be expected to IrM-rease ada»l«dfln rate« nmaidersMy. 
In January 1M5, the rate for the Southwest PacUV stood at only 27 per l.(«» nwn per 
year, hat by April it had reached 75; and for troops la the Philippine» the rate« were eren 
hbrber. although bat a aft a of those prevailing at the end of the Boaa-dowa campaign 
However, because of the success which ran be achieved with rigorous atahrlne diarinllae 
even coutlaunasly low malaria admission rates do not nde oat farther malaria trnns- 
arisshiu on a Isrs* scale. Under coashat conditions, a« ua Lnaua. any lause In at ■arias 
—Uprwkio any cost heavily In cllsical ssatarta. 

A good deacription of operational lessons that can ha learned froan 
a military campaign insofar as disease prevention is concerned was anted in 
the 80 November 194« ianue of HeOtk. In malaria control, it was twphaaiawl, 
the combat division needs experienced malaria survey and control nrnka to 
follow it immediately into combat if the incidence of malaria is to ba hsU 
to a minimum and the fighting man to be kept on bis feet. It was further 
pointed out that malaria incapacitated; it put out of action whole divisions for 
many months. Contrasted with this picture was the fact that malaria could ha 
prevented and suppressed. The gnat lesson learned was that the moat effective 
control of malaria was the prevention of infection. Ah hough group amthods 
of environmental sanitation and control were highly effective, under combat 
conditions it was largely what the individual soldier did for his own protection 
that counted most heavily in keeping down malaria infection.   Unless the 
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soldier knew how to protect himself with the menus provided, lie could be 
expected to contract malaria in a short time in a highly nmlnrions area. For 
these reasons, malaria control was determined to be primarily a command 
function, necessitating the maintenance of a high state of malaria discipline. 
If the commanders did not enforce control measures, they jeopardized the 
success of their military mission. 

CASE STUDY OF MALARIA INCIDENCE 

The malaria experience on Kiriwina Island is typical for the islands off 
New Guinea during 1W3. A study of causes was made, in which most cases 
of malaria among U.S. troops were interviewed by an officer in order to deter- 
mine the reason for their having become ill with malaria. Other enlisted men 
of their organization were then interviewed to substantiate histories. In a 
number of instances, defects in malaria discipline, especially Atabrine sup- 
pression, may have been the cause. It was found that, in some instances, oascors 
did not supervise the suppressive treatment; it was left to the enlisted man 
to decide if he should take the Atabrine as lie pasxed through the mew line. 
It was also found that most malaria cases among the mess |<ersonnel prob- 
ably resulted from lack of supervision and that men on outpost duty were 
occasionally not well supervised. Repellent often was not used by the men, 
usually they did not have it readily available. It was believed that much of 
such failure in malaria discipline could be eliminated if an alphabetical roster 
were kept in each organisation to determine whether each enlisted man had 
actually swallowed his Atabrine tablet and whether he carried a bottle of 
repellent with idm at evening meas." 

CASE REPORTING 

As the incidence of malaria reached high proportion« in the early part 
of IMS, consideration was given to securing adäquate and timely reporting of 
its incidence. None of the Medical Department reports then in one gave 
complete coverage of all the facts considered necessary. The statistical report 
gave only a crude attack rate, with no differentiation between primary and 
isuuront attacks, and with no chw aa to the pwvafent type* of infecting pan- 
sites. The field nwdical records (WD MD Forms Wfc and We), which passed 
thiungh the Central Medical Becords Oases, had an average tfanehg spproach- 
ing 6 weeks between the dates of an attack and of information reaching the 
Chief Surgeon. These records did not always include statements on the type 
of infection or the status of attacks. 

A malaria case report card was designed by the theater Chief Medical 
Inspector in the early part of 1M4.   This card was approved by the theater 

•»ft X*. t. oav* m* M» limn, ni«Sf rtm. sixth v.*. Amr. **tn n on. 
ISM, —tut: an i    ry 1 MaluM Sam» M UriwtM MM* tm SifMaMM* ISO. 
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Chief Surgeon and tlie Combined Advisory Committee on Tropical Diseases, 
the latter adopting the card as the standard method of reporting malaria for 
all Allied troops in this theater. The initiating directive together with a 
supply of the cards was distributed to field units in May and June 1943. The 
first reports using these cards were received from the field the latter part of 
June 1043. The units in New Guinea and adjacent islands forwarded the 
cards to the Central Medical Records (Mice, Office of the Chief Surgeon, APO 
501, through the office of the assistant malariologist, Base B, APO 503. 
Malaria case report cards from units in Australia were sent direct to the 
Central Medical Records Office. 

Before 15 June 1043, the Central Medical Records Office maintained a 
locator file for patients of hospitals, based upon the admission and disposition 
sheets. The field medical records were checked, pertinent information was 
transcribed from the locator file cards, and placing the cards from "active" to 
the "inactive" section of the locator file was carried out as necessary. Con- 
sequently, there existed in this office a fairly reliable basis for the compilation 
of malaria statistics, at least with respect to unit incidence rates and the number 
of attacks suffered by given individuals. The locator file was discontinued in 
the Central Medical Records Office and a file of extracts in the field medical 
records was instituted for malaria cases only. 

In order to compile tlie individual records, a malaria case summary card 
record was designed and adopted as a means of condensing the information. 
Thia condensation of records was instituted in November, and soon after, case 
summary cards were completed on approximately 75 percent of the cases in the 
file. Summary cards wen posted as the malaria case report cards were received. 
These postings were later checked or revised as necessary when the field med- 
ical records were processed. 

Comparison of field medical records processed in this office with the 
malaria case summary files indicated that approximately 30 percent of the 
diagnosed malaria was not reported by the malaria report card. This was 
due in some degree to the fact that hospitals and medical detachments arriving 
in the theater were not familiar with the form, to the problem of distributing 
cards so that they would be available to all units at all times, and to the re- 
luctance of some medical officers to do additional paper work. 

REDUCTION IN HOSPITAUZATION 

It was fart that the redaction in the hospkaltsation time of malaria < 
was particuhirly significant. An analysis of the factors involved showed that 
the treatment of malaria in SWPA may be divided into certain definite periods. 
During the first period, which ran from November 1942, when malaria eases 
in significant numbers wen first admitted to hospitals, until April 1948, the 
treatment generally followed was that recommended in Circular Letter No. 
135, Office of The Surgeon General, 21 October 1M2.  This course of treatment 
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(QAP: quinine-Atitbrine-Plasmochin) lasted for 15 to 17 «lays and was not 
followed by a ]M>riod of followup or suppress! v« treatment. The ineffectiveness 
of this treatment led to a certain nunilter of inten-urrrnt recrudescences of fever 
usually during the period of Atabrine administration. In these cases, the total 
time of treatment was lengthened. 

More important was the fact that, as a consequence of stopping all drugs 
after the active course was completed, early rela|>ses occurred within the first 
month in at least one-half of the cases. Many of these relapses appeared while 
the patient was still in the hospital and led to a re|ietition of the initial course 
of treatment. The patients, during this period, were chiefly from the .'KM 
Division, lighting in the Kiina-liona Campaign, and from tlie 1st Marine Divi- 
sion hrouirht to Australia after the battles of Guadalcanal. Malnutrition had 
greatly weakened these men. and their stay in the hospital was often lengthened 
for the purpose of building up their weight and strength. Furthermore, the 
proportion of battle casualties among the malarious patients was higher at this 
period than in the later months of 10-W. and longer hospitalisatiou was fre- 
quently necessary because of wound*. In certain Itoxpitals, necessary investiga- 
tions of convalescent« after malaria led to retention of patients for observation. 

Circular Xo. 15, VSAFFE, 12 April 1M.T, -Treatment of Malaria," pre- 
scribed a change in routine treatment and initiated tlie second jieriod. The 
2-day rest period without drugs which wan a feature of tlie previous QAP 
treatment was eliminated, thus reducing hospitalixation by 2 days. Furtlier- 
more, the new regimen included a (»-week period following active treatment in 
which 0.1 gm. Atabrine was given on ti days of each week. This followup treat- 
ment practically stopped the occurrence of relapses in hospitals ami greatly 
shortened the average hospital stay. In this period, Iwttle casualties were few 
and the nutrition of troops improved. There was therefore lern came to pro- 
long the Imspital stay of malaria cases because of wounds or |>hysical weakness 
of the patient. 

An amendment to Circular No. 15 initiated tlie third stage.* It clianged 
the treatment of the malaria attack to the intensive Atabrine treatment of 
• days' duration, thereby reducing hospital stays for active treatment from an 
average of 13 to 6 days. Control experience in hospitals, in the Sixth 1'A 
Army Training Center, and in neM anils had shown by this time that brief 
hoapHalixation after subsidence of fever caused by malaria was all that was 
required. In fact, weight increase, strength, and morale were aided by early 
removal from the hospital atmosphere. In particular, the fact that repeated 
prolonged hospitalixation for recurrent malarial attacks tended to induce 
neurosis in the affected soldier was taken into consideration. 

Between January and July 1M4, the proportion of malaria cases which 
were also battle casualties had again increased. This tended to lengthen tlie 
hospital stay. In summary, therefore, the chief factors in reducing the length 
of hospital stay for malaria attack« were as follows: (1) The successive short - 

» Clnalar J»o. 71. B—J«—rtwm L'SAFFE. I Sept. 1M3. 
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ening of prescribed routine treatment, (:i) the follow tip wich siippressive Ata- 
brine treatment, and (3) the growing realization that the average mnltiria 
attack, properly treated, produces comparatively slight aftereffects on the 
patient." 

JAPANESE MALARIA EXPERIENCE 

A Japanese Medical Department re|*>rt capture«! at Miiuda, on New 
Georgia, makes possible interesting comparisons between Japanese troops in 
the Eighth U.S. Army area and American troops on New Guinea. The re|wrt 
gives detailed data for February 1943 and a summary for December 194:2 and 
January 1943." 

At tlie time the report was proiwrvd, Japanese troo|»s had been in the 
Rabaul area for at least 8 months, and their estimated average strength was 
51,382 in December and 7SIJW1 in February. The strengths are •'estimated*' 
in the sense that the translation mentions tlie number of "personnel examined.'' 
It is assumed that this number is tlie strength of tlie force from which tlie ad- 
missions were drawn. The area was served by two base hospitals having, with 
their annexes, a combined capacity in excess of 4,000 beds. Altogether, includ- 
ing an unspecified number of field hospitals, there were at least ».not» beds, or 
about 11 percent of tlie troop strength, during February. During the 3-month 
period, the liealth of the Japanese troops was considerably less favorable than 
was that of the U.S. forces on New Guinea. For all causes, including battle 
casualties, tlie average admission rate for tlie entire period was 4.08G per 1,000 
men per annum for tlie Japanese troops, approximately twice that ex|ierie»ced 
by the American units. 

Malaria was the greatest single cause of admission ami mmeltectiveneiw 
among Japanese troops during this period, causing 17,113 new admissions and 
5,41."» readniMtions. This number of cases represents 37 percent of tlie mean 
strength and 35 percent of all admissions for the 3 montlis. During the same 
period, diagnosed malaria accounted for 34 percent of all admissions among 
UÄ troops on New Guinea. The average admission rate for malaria was 1.440 
per 1,000 men per annum for the Japanese ami 718 for l*i". troops, if only diag- 
nosed malaria be counted. The average noneffective rate for malaria among 
the Japanese troops was roughly 40 per ljOOO men per day. 

Chart 26 compare« Japanese and American admission rates for several 
diagnoses during February IMS. The Japanese rate for malaria has been 
separated into two parts, representing new patients and old patients, while the 
rate for UÄ forces on New Guinea shows the incidence of diagnosed malaria 
together with an increment representing three-quarters of the admissions for 
fever of undetermined origin. The comparison of the malaria admission rates 
depends to some extent upon the completeness of diagnosis.   It was customary 

»Kamtlal TMtalral MVaWal Data. «Mlkml FactSc Ana. far J.IT 1*44. amtr4 3 Am. ISM. 
pp.*-*. 

"Maatalr Praam» Rrpart, Arm/ Sarrk« Farm, War Draartaamt. .10 Nor. IMS, Srrtlaa T: 
Brallll. pp. 13-13. 
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tt HA headquarter« in SWPA to arnimr that about three-quartern of the ad- 
missions for fever of undttemined origin were probably malaria. The 
Japanese report mad* no mention of fever of undetermined origin, and the 
completeness with which malaria waa diagnosed by Japanese medical uaVuu 
wm not known. The Japanern rate, however, nwt be taken as a minimum if 
it ia to be compared to the eatimated total malaria rate for UÄ troops. The 
moderately high incidenoe of brriberi among the Japanese waa of interest inas- 
much as statement» of prisoners of war and captured enemy equipment and 
sappliM all indicate that the Japanese were very "vitamin oonscioos." 

Daring Febrnary, 8,776 Japanern troops were treated for enteric diseases, 
representing a rate of Sift per 1,000 men per year. On 22 March, then were 
87 Japanese hospitalised for typhoid fever, 146 for paratyphoid, and 140 for 
dysentery.   The number of cases reported was of interest in view of the fact 
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that «I aim new were known to be conducting an iiuiniiniznt ion program »guinst 
tltese three diseases. 

At the end of February 1M3, there were "•i.ftlU Japanese troo|is in the 
Bnbaul area, 20 percent of whom were receiving medical care. 

OTHER ACTIVITIES OF THE MALARIA CONTROL 
ORGANIZATION 

In addition to combating malaria, the Army Malaria Control Organiza- 
tion was employed on a number of other preventive medicine problems. The 
sanitary engineering, entomological, medical, and other trained personnel 
engaged in malaria control had skills which qualified them for many other 
duties. 

Scrub Typhus Control 

For instance, malaria units assisted in controlling scrub typhus, which was 
a serious problem in the early days in New Guinea. It was found that dimethyl 
phthalate readily killed the mite transmitting this disease. Earlier, various 
methods had been used to safeguard campsites, such as burning t lie kunai grass 
ami stripping the sod from the area by I nil kluxer and other heavy equipment. 
Experimental work by entomologists indicated that dipping clothing in 
dimethyl phthalate killed the mites before they could bite. From this work, 
methods were developed which provided a high degree of protection against 
this disease.'1 

Filariasis Control 

Filarias» was a disease of importance in some areas of SWPA. Existing 
malaria survey units were used on occasion, in coordination with sanitary 
engineering personnel, for the control of this disease. Experience indicated 
the desirability of establishing special units to combat this disease." 

Rodent Control 

A school for rodent and flea control was proposed as a means of expanding 
the preventive awdieia* duties of malaria survey and malaria control units. 

With the approval of the Chief Surgeon, USA808, the first class of the 
Bodeat Control School was started on 13 March IMA. The period of instruction 

i for 8 weeks. The personnel attending the first class were the «sneers and 
na of the Md Malaria Control Unit and the 211th Malaria Surrey 

Unit. Subsequent chases were conducted each S weeks, beginning on 8 April 
184ft. 

» raute. CMMUM n.: sen* Trek«« ■■* am* it«*, i ■ MM Dmiwm, caiM ata<*a 
Ana*. Wwfci MwawM la VHM War II. T*M VII. OmaakaMa Wwni: Art»ti|il 
amWiniLi OMwrTfc— Malaria,    tla avraaraiUaLl 

■ SwartnnMrr. Cly*: Kanaan Baucnftl. In Mma>al nraartawat, CaMai Mat« Amur, n» 
mttn Miami la WMM War II. Vataaat VII. CwnwrinkV Dhnun: ArttnH»»ir>i MMW 
Othrr Tarn Malaria,    (la mm»»! 
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Although written lute in 1945 when no longer in SWPA, the report <»£ the 
6th Malaria Survey Detachment is interesting because it illustrates the rodent 
control activities curried on by these units. 

Upon arrival in Japmi. |iersoituel of the 6th Malaria Survey Detachment 
were engaged in conducting rodent and flea surveys of Kyoto and vicinity. The 
primary purpose of such surveys was to determine the following: 

1. Density of rat population. 
•2. Species of rats present. 
3. Density of fleas. 
4. Species of fleas. 
5. Presence of other household ]iests. 
In the initial stages of tlie survey, many Japanese buildings, such as Jap- 

anese Army barracks, were examined thoroughly for evidence of rats, fleas, and 
other household pests. In many instances, these installations were inspected 
before being occupied by VS. Army troop*. However, a small number of units 
had the unfortunate experience of occupying Japanese Army barracks Iwfore 
they were ins|iected. Because of this, many soldiers suffered considerably from 
the bites of fleas and bedbugs. On a number of these ins|iectioii£, the survey 
party was accompanied by a member of the 10th Malaria Control Detachment, 
so that a more thorough spraying job was accomplished. Nearly all of the 
infested installations were sprayed with DDT before occupation by Army 
troops. 

Dengue Fever 

Malariologists, malaria survey ami malaria control units were concerned 
with tlie control of dengue fever as well as scrub typhus and tilariasis control. 
Their primary concern was eradication of breeding areas of the rectors 
concerned.M 

Sandfly Fever Control 

In its qwr.ieriy report, 1 July to 30 September 1944, the 5th Malaria 
Survey reported that the sandfly Phkbotomm was common in New Guinea. 
Members of tk* it.it visited practically every base in New Guinea, save one, 
and some of the i.mrbv inlands. Sandflies were taken at each haw. Pklebot- 
MM were collected in > holes and on the shaded sides of tree trunks and 
battreaete. The method of collection was to spread a white sheet at the bottom 
of a tree hole, or on the ground around the tree trunk, or between the buttresses 
and then spray them areas thoroughly with an Aerosol Freon dispenser. Speci- 
mens of these midges were sorted from the collection of all small insects that 
Ml on the sheet.14 

-II) KnrMlal TWaatral MnHnil I tola. Mmtlnmt 1-arnV Arr.. r~ M ij 1MI. itatM 1 Jaar !»•■». 
S. «, (1) MrC.y. OUrcr *.. umt SaMa. Att»rt B.: Imwo /• aWtr.1 Itraartamt. I'BMMI Stain 
XrmLT Pmcatlra MrdMa* la WMM War II. Vrfaaw VII. CMaamakaMr Uww: Artam»i aanai 
Mwai Other Tkaa Malaria.    I la ar»aamn*a.) 

" IWrtlc. Manaall: SaaM/ Vrnr. la MraVal Draartawal. U a I ted Sutra Anajr. Pnrrattr« 
IMtria» la War« War II. Vaiaaw VII. CaaMaaakaU* Dhfaws: Arlafa—»Wnn Daman Otferr 
Thaa Malaria.    |Ia arraamttaa.) 
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Related Activities 

The 5th Malaria Survey Unit arrived in the area, Ijeyte Island, Philippines, 
on "A" Day, 20 October 1944. Attached to tlie :14th Infantry Division, the 
organization wasengaged in sanitation work in the town of Puloon 1 November 
1»44. 

No Malaria control work was done during the niontli. The unit's trucks 
and drivers were utilized by the 24th Infantry Division to haul supplies and 
personnel. The quartermaster attached one wea|x>us carrier and driver to 
the 101st Graves Registration at Carigara from 1 Novemlier through 14 
November. 

While bivouaced on the beach, two of the unit's trucks and drivers were 
furnished to haul ammunition and supplies to the froutlines. A weajions 
carrier with driver ami 30 shovels was furnished to a division lturial detail 
from 2<t October to I lie close of tlie montli. The unit |M>rsomiel sii|iervised 14 
Filipino la'«>rers in digging Intrines and otlter sanitation work for tlie civilian 
population in the overcrowded town of Palo from 27 October to tlie close of 
tlie month. Official war photographers took some movies and stills of this 
work. The dump truck and driver were furnished to the :M5th Evacuation Hos- 
pital on 30 and 31 October for hauling gravel. No malaria control work 
was done. 

In the Philippines, the malaria survey and malaria control units expanded 
their activities into a variety of public health activities, such as the survey 
control ami education on schist osomiasis for Army personnel ami civilian po|iu- 
lations. They also became involved in restoring and operating municipal water 
supplies and sewage disposal plants, garbage collection and disposal, latrine 
building for large segments of the civilian population, sanitary inspection of 
restaurants, hotels, abattoirs, bakeries, and food processing plants, to mention 
but a few of the manifold duties. Later on, some of tlie Sanitary Corps officers 
who commanded these units were chosen for military government work and 
continued these important functions in the Philippines, Japan, and Korea after 
termination of hostilities in World War II. 

SURVEY AND CONTROL UNITS 

As of SB September 1944, then were 58 malaria control and S6 malaria 
survey units assigned to USAFFE. Of these, SI control and 13 survey units 
were with the Sixth ILS. Army, from Oro Bay to Biak. There were 10 control 
and 4 survey units with the Fifth Air Force; 5 control and 3 survey units with 
the Thirteenth Air Force; and 22 control and 6 survey units with USASOS. 
In addition, then wen 7 control and 6 survey units located in the Southwest 
Pacific which had been assigned to but had not yet arrived in SWPA. Total 
in the theater and assigned to it were 65 control and 32 survey units, on 25 
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September 1044.   In comparison, on -2'> Sept«*iuber l!»4:i. there were 12 control 
and 5 surrey units in SWPA. 

Several malaria control units that had difficulty in obtaining the equip- 
ment for beginning their work at once emphasized the importance of the units' 
being shipped and moved with all their equipment. Several units felt that, 
a combination of ti control and a survey unit would lie desirable, with equip- 
ment including trucks, jeeps, spray outfits, electric generator units, tents, and 
necessary office supplies and equipment. Prompt initiation of control measures 
after establishment of a beachhead was emphasized many times. It was also 
suggested that the attachment of enlisted personnel to the combined control 
survey unit would permit more effective and ex|>editious work. The attach- 
ment of units to commands so that they would be a definite part thereof was 
generally favored. It was felt that this would result in more adequate facilities 
for doing necessary work. 

FINAL RESULTS 

As a result of the control program in the Southwest Pacific, military op- 
erations after the middle of 1143 were not seriously handicapped by malaria 
The campaign in this area was the first one in which so many U.S. Army t mops 
had fought, under such highly malarious conditions. The lack of ex|ierience 
in controlling malaria under combat conditions, the absence of any organiza- 
tion suitable for control, and the mental unreadiness of both combat and 
medical officers represented very serious problems which had to be, ami were, 
overcome. 

Numerous examples have been cited throughout this history which show 
the remits obtained in reducing the incidence of malaria. A few examples 
will be repeated here. In January 1943, ILS. troops in the Milne Bay area 
had a malaria attack rate of 3^06 per 1,000 men per annum. In January 1M4. 
the rate was 30.7. In February 1D43, the malaria attack rate in the command 
strength of SWPA (including 75 percent of fever of undetermined origin) 
was 794 per 1,000 men per annum; in February 1944, it was 179. This reduc- 
tion in malaria rate represented a saving of more than 9,000 hospital beds. 

The primary masons learned were that effective control must be based on 
(1) utilisation of all methods, including larva and adult control, the use of 
auppit—ive medication, troop education and discipline, and the employment 
of a special control organization utilising engineering, medical, entomological, 
and other skills; (2) area-baaed control, not control on • unit or force basis; 
and (3) unified authority and control, to insure that all necessary phases of 
the program are carried on in all areas that threaten troops. 

The malaria attack rates among l\S. Army personnel, in the Southwest 
Pacific Area, by type of Plaamodhim and year of admissions are shown in table 
79. Table 80 shows deaths due to malaria by type of I'fa*motlitim and year 
of death. 
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APPENDIX A 

Standard Operating Procedure for Control of Malaria and 
Other Insect-Borne Diseases During a Combat Operation 

This Standard Operating iTocedure in merely a cample plan adapted to anil nued dur- 
ing one operation. All such plans should be flexible. One division malaria cum ml group 
bad 4 general plans calling for various degree» of decentralization, the exact pluii und de- 
tail« owed to be determined by the |«rticular situation. 

1. STATEMENT OF PROBLEM 

The target for the operation is an area where a flea, louse, and |«rasite Infested native 
population of several hundred persons per square mile is a seed-bed of disease. Fly-borne 
and water-borne intestinal diseases are likely to be toe most immediate disease hazards. 
Native food is contaminated by the use of human feces for fertiliser and should not be 
eaten. Dengue fever, malaria and mite-borne typhus are potential dangers. Schlstoso- 
mlasts (blood fluke disease) adds to the risk of drinking or bathing in untreated water. 

2. MOUNTING PHASE 

a. All personnel will again be trained in Individual measures to protect against mos- 
quito and aalte Utes. Water and food discipline will be emphasised. Fly control meas- 
ures will be reviewed, particularly the use of DDT solutions and of sodium arxenlte 
solutions to spray corpses. OuVers will review the Importance of campsite selection to 
•void proximity to Infected natives and to breeding places of disease carrying Insects. 

b. Bednets of all personnel will be sprayed with a Ave (5) percent solution of DDT In 

c. Each man win be provided with 2 uniforms and 1 blanket Impregnated with dimethyl 
pbthalata as outlined in TB lied 121, dated Decessher 1944. Measures In b and c will be 
carried out in as short a time before embarkation as possible. 

d. Immunisation records will be cheeked and the necessary booster doses will be given. 
e. Buppvtsslvc atabriae will be given to alt personnel as outlined in TB lied «, dated t 

July 1944, beginning S weeks before IVaay. 
f. Bach indl vtamal will he provided with: 

Bar, ■mault» or hammock, Jungk?, complete. _    1 
Insect, a as. bottle     2 

tablets. tU On     S» 
Insecticide, powder, louse, 3 on. can—    1 

• Ysrtatlsaa of this nor im »assnasa Uns Haws m 
Msaasl X*. 2. ml—a Ottikii 1*44; a rrrreaMve H« stets« 
and m the Jearaal ef smitmrr Meaktne Is tar Packte, 
Is 

tat geath Pactac Ana Malaria Trahrisc 
Haaaal I»«. X. HTWAITOA. Marth l»M; 

ls4S—«f which the last aad ■hanltst 
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g. Kach organization will be I«; ned 30 days' supply of the following items which will 
be cntiiipieuously marked and carried with the organization mo HM lo be renilily available: 

Insecticide, powder, louse, 2 ox. can 100 per 100 men 
Repellent, 2 ox. bottle«   300 per 100 men 
Sprayer, liquid. Insecticide, continuous spray. 2 quart 1 tier 100 men 
Sprayer, oil knaimack type  1 per 100 men 
Diesel oil. No. 2, .15 gallon drum with 5% DDT 

added 1 per sprayer oil kna|wack type 
Atabrine tablets, 0.1 Gm„  4000 per 100 men 
Insecticide, freon-aerosol, 1 lb. disposer 90 per 1O0 men 

3. COMBAT PHASE 

a. The nialartologlxt, with the entomologist and parasitologist will provide the surgeon 
with an insect survey and an e«tlmnte of the malaria ami insect-borne disease hazard as 
rapidly as feasible after D-duy. with subsequent estimates as determined by current con- 
ditions and needs. 

b. Fly control will be done by hand spraying of dead bodies, with 5 I*T cent DDT 
solution or with 1 |ier cent sodium arsenite solution, ami by proper care of human waste 
and garbage. 

c. Antl-ni<mqulto measures will be carried out by tetnimrary spray teams as outlined 
In par. 4. The apiiliraUon of DDT residual effect solution to native dwellings will be 
emphasised. 

d. Airplane spraying of DDT will be available about D pins 10. Requests for air- 
plane spraying will be forwarded to the surgeon and will describe the area to be sjtrayed 
with an accompanying contour map or grid map. The nature of the Insect proMem with 
exact entomological data should be given and an estimate of the need for repeat spraying. 

4. TEMPORARY SPRAY TEAMS FOR EACH REGIMENT 

a. Each regimental commander will Immediately form • temporary spray team com- 
prising 20 men, one nsan drawn from the Insect and rodent control detail of each company. 
These spray teams will be assisted by 2 technicians, who will he temporarily attached 
from the Malaria Survey and Control Detachment assigned to Army, Corps or Division. 
Kach regimental spray team win he «Bartered with its regimental company far the camhat 
period. The werk of these spray teams will be swpervmeri by the Mvtafamal lfeoral In- 
spector and by personnel from Malaria and I—Bet-Born» Disease Control Or 

h. Daslea of These Spray Teams: 
In amphmmmi uparati—s these spray teams «rill go ashore with the 

re which they are attached and hetfa ly ami mommlto control work.   Each team win 
carry tsjt taw feiJssrlnwawmsw^M 

(1) fly Control Dead beams will he sprayed with S percent DDT sornrmn or 1 
percent sodium arssnlrs ssestMa. ntiaadhj trrnra.ua and pit latrines will he sprayed wkth 
SpereiwtDDTBtthcmteoriplBiprrboietwtoaweeh. 

of hiiaaanjsrttri. mealenl facilities, eapply »tationa and aloac i iimmanlralliin lines. 
e. nmilf net of These Bpray Teams. 
Every man will he equipped with a sprayer for DDT solution. Ttchaicians from DM- 

aton malaria ami Insect control groans will carry a dipper for sampilag larva populations 
ami preliminary spot maps. Bach spray team will carry one weeks' sappiy of DDT solu- 
tion prepared In adraace and 3 weeks' sappiy of DDT powder, dissolving. Bach spray 

I with i 
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d. The Temporary Spray Team» are formed for the |ierlori of active operation only. 
Aa aoon as condition» become stabilised and when dewlgned by toe diviidou imrgeon, this 
personnel will return to routine control measures of (he coui|Mny Insect and rodent e»otr«l 
details. 

e. No duties that Interfere with their malaria and Innert control functions will be 
assigned to the above iierxonnel. 

Individual protective measures against mosqulto-bome disease«, mile-borue i.vithib«, 
and achlatoaouilashi will be carried out by all division personnel as directed. 



APPENDIX B 

Directive on Malaria Control 

HEADQUARTERS 

UNITED STATES ARMY FORCES IN THE FAR EAST 

FEIIC: 710 A.P.O.301 

lMAnn.UHB 
SUBJECT:   Sanitär; and Frereattoa lleaaarea for the Control of Malaria 
TO: Coauaaadlaa General, Sixth Amj. APO 442. 

CoauMBdlac Geaeral, Flfla Air Force, AH»KB. 
CoauMBdlBc General, U.HJL H.O.K, APO MM. 

1. The foUowtag aari-nularia onnm are jmbUshed fur the Informathia and gutdaace 
of all United Mate* Ami* tronj» BOW aerrlnf la or daatlaed fi* nuriartoM area«: 

a. Prtm fa mnrtmrnt •/ a nmmiud klti mmimr-mt erv-e the followlag antt-atalarta 
ateaanrea will he atade cnVctire: 

41) AU available lafbnaatkNi hearlac oa health la the area will be collected and 
Wal—lad la order to aeteradaa the prahahhi effort of thear faetora oa the atefcaea» rate 
of the troop*,   gaeclal ante will ha Made of the proraleace nf aaalarla aad other taaeri aad 

4» Where the aUUtarr attaattoa permtu. eaneelalljr tralaed andieal 
wUl he daaaatehad la advaaee af the Uaaaa to aaake a health aarregr of the area, afcaalta 
of tMa aarver win forai a haala for oatlawtbai the relative health haaarda of dUfereat 
laratt— aader coaaldaratlaa far nuayatlaa er araaaaad tactical naeratloaa. 

(3) Thera will ha attachid to Iho etaff of the eaauaaader. a aaalariataajel or a 
awdhal aafeer Mamlallr oaaUSed at tnplnl atiiaam. to ndrtae the roauaaader i 
the rehUlTo aaalarla haaarda of vartaaa iniaund can»» aad Mroaar attee. aad to la 
aad aaborrhw the aatl aaalarla work aad «taripUa* tbiwaanoat the raauaoad. 

<4» Whea theaataro of the tacttral neemtlno aenalta, the »rgaalaattaa wUl hare 
attained to H aaalarla earray aad «atril aaHw. 

oaeh eeavnaajr, anaadrea or aaaHer aalt aad win nrovtde for tar training af than 
la awrt-awilarla work.   Detail* wU ha aaade a» oa the haala af one (II SCO. 
(St aaaatad men nor anfaatrr raaaaaa*. aad a 
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(8) Each onamlsatlon will be issued the followInK one month* maintenance 
stocks: 

Han, mnmjuito     25 per 100 mrn 
IleadnHH, DKMqait«     II» |W 100 men 
Gloves, moarpiltii    111 imtinlinnmi 
Retiellent, moxmiito      401) 2H«. hottk* |«er 1W wet» 
AUbrloe, tablet«   -... 0.1 *ui.—< U«, grain«» 3,000 tablet« 

|ivr  100  men  (or  «uiiirwxlre 
treatment 

Equipment: 
■prayer, hand, Insect Iclile 10 i*r each 100 men 
Hprayer, knapsack t yi» 1 ]ier each 300 or lea* men 
Malariol (or Diesel Oil No. 2) 1 drum .TO gallon U.M. per «iH-ayer, 

knapaarfc 
lasretkrtde, for nsr In hand sprayers 5 gallon« U.H. per lim men 

Theae unit aatl-malarta aupplleH will be conapleaoosljr marked and mu»t br carried 
In a readily arctiilblt |itace on the »hip, to be available Immediately upon arrival. 

(0) msppreastre Treatment I nee b.<3)). 
h. AuH-Mmtmrim Mcrnanm for iHUImrp Pt-rmmarl im MmlmrttM* Are*». 

(1) Unit raaunaiMlera will be held reanonalme for the enforcement of anti-malarl« 
measure* la their command They will direct the attnrhed medical »■■'era to «IT* regular 
and f renaeat Inatimtkma to the pmuaaet of the command on malaria control meaaurea aa 
well aa other phases of hygiene ami sanitation. The date«, number <rf boar«, and subjects 
covered In all iaatmctlona will he reported In the monthly sanitary report*. 

(2) la those aalta In which anti-malaria detail« hare mit been orgaafaMd, atepa 
will be taken promptly to designate and train aach detalla la accortlaace with the pron- 
mtumm of paragraph a. (5). 

(3) Bap|iri—Ive treatmeat will ha taken commencing one week prior to arrival la 
a malaria«» area ami will continue ander careful eaperrieio« while In the area and for 
foar week» after return to a BOO-malarious ana. Treatmeat la «<•*>* sMlersMM areas win 
mail in of one tablet of alahrlnc 0.1 am. oace daily, six days a weak, taken at mealtime with 
a «rink of water, lor troops stationed la areaa eprriaeally deataaa tod by the Chief Malart- 
afagtet aa mWdly mbra«, the aappreaaire dm* of atnbrlae trill be one tablet 0.1 ate. (1% 
graiaa) twice dally oa two daya a week, allowing n two or three day interral between daya 
of midlratioa. mason nitre treatment win he «aaarrlaad by a mmmlssliimd emcer to 
laaara that each semter actuaOy awamawa law midlcation. 

(•> The «Hcctton o/csja»p east liraaae stfes WIM be mmte so aa to avoid atnaaamte: 
(a.I rYwtlmlty to native trUteajm at campa. 
(a.) Areaa known la haea a haary naammttoa of mamria-earrytag massjaltaaa. 

<8> la ilalas il nfsdaarte» maaearaa rM to carried oaf oa yeJmari.- 
a.) Its» stars« of smarm, awl ahsrts wtthoat avoovea la nwMsltia.   Work de- 

■mmuma   mmm\W   ammmTmmmT   mma'tarammrmml   mmmMM   tSwmrml    mrmtmmmmm'   ammrnVtB   mTnmMa   M   aamat ■mmTmmmml   amV   ffmm>   mmmnWma»   mte 

a.) Att ammoaaal wU he luaajwd to steep amter emanates neta. Uatt rea> 
mamtera or thotr luasamajtatraaa wl laotract Urn traona la the naaaar as» of maaamg nete; 
ami ay fwaaamt teaaarttoaa at night was mw that tha note at» < 

c.| Isoaaalt» mssdacte aad gteves wttl be wem walte < 
rk «btstwt thb Is si   ml      Comers and mea who, bacamat of their work are 

to wear atovea aad haadaot», ill corer all exposed akia surface« with wpiiiaat. 
The reprlteat mast be n aaoalid every tew hoars to he raVetl re. 
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(Oj  AHII-HHUHIUU» mi «««re» a« ftillotr», will In- initiutv«! u|»>n arrival in iiinlnrion» 
■mm: 

(M) Ilaml klllliuc of ciiKorKed innwiniliim will I» done «tally In each tent and 
bat within the area. 

<b> Bach tenl, hut, »r »It-ritiiuc |tfa<-e will lit- H|irnye<l 4nitn with lancet l<ldi- In kill 
the Infected iiMMinliix'M. 

Ml HreedlnK |ila<i-M for IIMIHIIIIIIO larvae within half a mll«> radio« of I)M> «-»nip 
alte will IM* drained, tilled or oiled liv the unit aiill-oiularlit «Mail. K»|iecial attention will 
be directed to «tändln« witter In inan-uia<ie excavation», wheel nil», coconut »helix, um, 
and other conlalnen«. It IM I lie rv»|«>ii«H>llltv of the coainiandlnjc onVer tu ate that the pro- 
tram for the de»t ruction of hrcedlnc iilaeeM la enViently carried out. 

2. KXIHIIBK iiMtrn-'lloiiH limited l»y the l\8. Army command» will lie revbted to conform 
In detail to the aliove. 

lly <-»mniaiMl of tteneral MA«. Amu E. 

H/     U  I*. OBTBAMNCB 
1/   U H. OaraANMB 

M)utm»t Oemrml 
Oonie» fnrnlahed to: 

Amr. (Torn*. IMvtnHm» 
Reparale Brigade» 
Air Pon-e 1'iwinandH and <2ma|M 
Advanced Raae and Bane flection* 



INDEX 

Abocay, SOI 
Abgmüiia, so», 31» 
Accra, 188, 327, 333, 334, 544. *W 

«rrtji of children In, 317 
A<:u Valley. 133 
Adanlya, 477 
Adelaide, 514 
Aden, 308, 30» 
Adjaceato FMd. 101 
Admiralty Ialanda, 310, SSO 
Admiartoa rate«, for malaria In— 

BaUan, S07 
Japanese troops, 573, 574 
Boath Padac ANS. 421 

AdaltkMal spraya, In Chlna-Burma-IndIa 
theater, 387-380 

8er «IM Spar» «praying. 
AdTaatw flection, Indin-Bamia theater, 372. 

305 
malaria rates la, 307, 3T1 

AcaVe; 
in Honthweat Parlflc Area, SaVStO 
hirrae, 18» 

Aeiet eery»«. 107-108, 100. 110, 183, 473. 
404. at» 

aa  dcaajaa »eetor,  la  8oataweat  PnHnc 
Araa, SSI 

caMrel aft, 3*1 
la Hawaiian laiaada. 110 
In Haswiaha. 10» 

larvae, 090 

Amtea lAtnMn, IM, 4M 

(a). 10, 18», IS» 
us, ire. no, 

.541 

dinpenaer*. 40-41. 47, 280 
Freon, 1M0, 1K2, 224). 57« 

In Southwest Partite Area, 544 
pyrethruni-I>DT, 405 
thermal. 405 
"Ymicnl NR 70" 1K7 

AFHQ.   «re Allied Force Headquarter«. 
Africa, 132, 142. 150, 151, 104, 24«, 372. 273. 

303, 305, 307, 308, 300, 313, 313, 320, 
322,33«. 52» 

/miriptmm nMlarla in, 313 
military dereiopmrat of. Air Tranaport 

Conmand In, 308-30» 
Africa-Middle Rant Command, 335 
Africa-Middle Kant theater. 803-34« 

antlmalarla organisation In, 333-330 
other dntlea of, 333-330 

aatlBMiaqalto weaanrca la, 330-343 
area characterfeUca of, 310-313 

Ethiopian Radon, 310-813 
Palacarctle Regioa, 310, 312-313 

entoanologtcnl larestlgaUona in, 330-338 
local pnpalatlon In, 313 
nuilarla dhK-ipilne In, 344-345 
malaria eiptrieacc In, 333-332 
military dcTclopment of, 304-310 

Air Transport Command, in Africa, 

general coaald« ration» of, 304-30T 
UA Army Forcen In Liberia, 30» 

aaranltoMslenl Inveetlgatlaa» In, 338 
pan anal prerentlr» wwun In, 844-345 

■array artirlttm la. 330-338 
training an* praaaaaada In. 3» 
vectors ha. 310-32» 

Alrlra im* ahmt Win», 30» 
AlHcaa all aping ■Irtmaaa. IM 

< t» huHaaw af mmriaa «f 
4M 
aft am 

403.  430. 43»,  485, 

Alt Farce Groap AM Dispensaries, 217 
Air Farce laaUUathjaa In— 

Brasil. 122 
KATOVBA (MATOVSA).Sa* 
Santh Pad** Area, 403-40« 

58» 



590 COMMl XH'AHLK DIHKASE8 

Air I*»rt Development Project, 123,147, IM, 
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Thiel. 27» 
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Aaapaele« leaeatpfcaraa Irwc—pkpru*— 

DOalta, 3*2, 52« 
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OaJrlo, U8-12T 
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Chrl«ti>|iher». »Kl 
In Cliln*. 34« 
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In Colombia. 24(1 
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in ««mill America, 24« 
In Trinidad, 134 
In VpiM-inela, 20H 

Amiikrl)* ßtmrlMlalttt. 420. Si I. SM. ■"►».I 
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Ami, 333 
distribution of. 333 
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In MriaiM-Hla. nan 
in New Guinea, 34», SM 
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tarrae, 410 

erologjr of. 328 
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Amapkrlr» pnnrlmlmtm mMucernii*— 

in Australaalan atexioa, 333 
Swrilenarebel awl BwHIeaftrebel de 

Uraaf. 987 
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hilblU of, :«ll-,'«t2, 4H2, 4N3, 4112 
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ii» iimuirlii rertiir In IIMIIM, 304 
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.lanaarfr« «aftairfa«, 331, 53A 
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I^MIIOW, 32«, 32» 
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A nop*. k-M faraiNMCMMf««, 138,13» 
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la Antigua. 388 
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Theobald.» 

Aaoaactn IriiMMMw, 135,153. ltl 
la VrarcaeU, 3M 
rar. darM Patmna and Shannon, 211 

AtMpaHe» rartaadi (Mapaalola) ! 

HMtuKlatU 
4a»a*<4r*   rrttiprmnU,   128,   1» 

In Guatemala, MB 
laHaMLMl 

AaanhailMta), 224 
adult 343, 27» 

rapt un- of. In frnna, 242 
matrot of, 1*4, 334 
roatrol program. 13-1« 
haMU of, in Houlb ParüV Area. 419-420 
In Eapfrlta Rant«. 42S 
In Gaadak-aaal. 41«, 4M 
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indour niMriiciitiou of »|>riiy» In i-ontr»! 
of. 211» 

breeding habit» of, 4 
breeding |>lace».    Her HreediiiR plait**, 
density, 215, 21», 234 

reduction in. 208 
surrey of, 214 

In Liberia. 837 
tra|M for determining. S»l 

female, killing of. 2IM) 
larvae.   See larvae, anopheline. 
neotropical, sonReoKraiihic »nbdlvlslon» 

of, 131 
population of, 320 

adult, control of, in South Pacific Area, 
402 

get also An«|ihelliH* density, 
production  of,  effect  of  rainfall   upon, 

413-414 
papa*. 438 
waihlbematinK, 255 
aperies of, recognised In Philippines, 320 
rectors, 91 

«iaht ranee of, 4 
■»tire, 7» 
of aularia, 5, ITS 

Im Africa-Middle Eaat theater, 310-333 
la Caribbean area, 120-133 
tat Chlna-Burma-Indla theater, 

350-300 
la Nicarsgaa, lTO-lTl 
la Persian Oalf area, SIS 
la Month Atlantic area, 130-183 
ta West Africa, B 
Want of tae Aadea, 246 

ftee alM Anofkttf; Malaria rector*. 
Antarctica, 307 
AataraaaoaUicladexaf: 

Aaaaarln fimtlmiUU, Ml 

AaeaOcirs nwtitoii, 334 
Altaian» artivllle» In— 

asrthera Okinawa. 01 MS 
0aa*h Parthr Am. 403-4M 

latlanaa, malaria, MS 
Aataraa,  121, MB, 303-204, 218, 217,  280, 

237,241 
Aaan;>ef r» atWawurn» la, 308 
■tneaarln aaa aaalfa la, SOB 
.4 assart« farah—eaiafai la, IBS 
mamx is la, 203, 304 

niorciilil.v from. 3H. JIM 
AnliKilii llnse CoiiinniiHl. 203 
Antlliirv.il iictivilies, in South I'm-llk- Are», 

4AM4ITI 
Antilarval measure», lu Houthwe»t  IhtclHc 

Area, ."-44-551 
Antilarval <«,>eratl<>n». in Kytikyn Inland» 

Command, 4im-t»l 
See mlm Alr|>lanc »praying. 

Antillen, 113, 122 
Antille» Departinenl. 22. li:t. 122. 123. ItW, 

167, 187-238 
airplane dl»|N>r»nl of DDT in. 233-215 
Caribbean Health Service during con»truc- 

tion «if base», in, 220-23» 
laboraU-rle* in: 

at Fort Head, 231-232 
at «an Juan, 232 

malaria control in: 
administration of, 21« 
development of, 212-217 
in Puerto Bicaa Hector, 210-217 
In Trinidad Sector, 223-220 

See «*•<» Caribbean  Defense Command; 
Onater     Antilles;     Leaner    Antilles; 
Booth America, mainland ; Trialdsd. 

Aatillea General Depot, 202, 208 
Aatlmalaria activities. In— 

CnlsaBirma India theater. 884-897 
Mediterraaeaa theater, 273-300 
Rrukya Islands Coauaaad, 483-492 
Booth Pacute Ana, 4S1-472 

AaUmalarU details, 24-20, IM. Sao. 2TB, 271, 
27«, 277. 281. 301, 310, I 

la Rossen Islands, 427 
la Kyukvn Islands 
la Month Pariac Area. 443. 44a. 447 
la Smtthireat Partie Area, 341, BOS, 8*7 

110 
■daratioa,  tat 

Depart meat, 175 
[acUvttWs. 

15 
Aatlmalaria msasawa. 1S1 

ta Oaadaleaaal, 430-427 
la Paaama Canal Departateat, 170, 18 

181 
Antlatalaria asm-era, SOB-204 
AatiBMlarla oroaalaaMoa: 

activities of, In— 
Caribbean Defense Coaunaad, 247 
Okinawa, 40B-O» 
■oath Pachte Area, 413-174 
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In Africa-Middle Bunt tbeater, 333-33« 
in Caribbean area, 110-120 
in Chlna-Bunna-ludla tbeater, 374-3*i4 
in Mediterranean tbeater. 200-275 
In North African theater, 240 
In Reiiubllc u( Panama, 1T1 
In Hyukyu Ixluiid« CuuimaiMl, 4K.V4K0 
in South Atlantic Aren, 110-120 
in Srnith Pacific Area, 434-13» 
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llnlwm, 441 
reMiKMiHlbllltie» and dntie* <«f, 437-138 
troop anlt, 44» 

Antlnialarla pollcy. In— 
Mediterranean theater, 200-37» 
Brukyu iHlanda Command. +S5-MJ 
Mouth l'aciaV- Area, 434-450 

Anttmalaria porters, 138 
Autlmalaria uro«rau, In Puerto Bkn, 218 
Antintalarla m-hoola: 
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In New Guinea, Ö65 
Hec aim Malaria school*; gcboola. 

Aatlmalarla squads, 13,185 
Antintalarla anppUea, 10 

In rhlaa-Rarma-1wtu tbeater, 373,37« 
In Kynkyu Islands Command, 48« 
in Boot» Parlar Amt, 440 
In Hont awe* Paciar Ana, 515 
In Tulad-riorida Islands, 437 

Aatimilaiia work, military agencies engaged 
la, 448-4» 

AntlmaUrU aalt», 883. 3M 
Antimamrial drags, 7-8, 38, 1«, 211, 382, 4M 

in Bataaa, 500 
lack oft, in rlrtlian wfmmaa, 008 
eUalral Mating of new. S4-37 

tof sew. 33 
arch projects an, 84 

;CMorsqaia>; 

In   Afrtra-Mkddla 

*re mimm LanrtcM—; IawrlcMlug. 

KBit», 4BT 
Guadalcanal, 437 

Byakyu Islands Costasaad. 4M 
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Aaato.1. 2M 
Amno-Nettmao beacaead, 252, 27«, 283 

Aitenuinea, 205 
ApIaMtlc anemiu, .Vü 
Arabia, 310, 330 
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Plaimoäittm Index In, 31* 
spleeu Index in, 31s 

Arulfti. 7, H 
Argentina. 113,13» 
Armored Division, Int—31ö 
Armored Medical KcMcarrh Laboratory, 31 
Army Air Corn« Ferrying Command. 123,130 
Army Air Force Service Command, 383 
Army Air Force», 4.1. .'1. 133, 130, 352. 305, 

371, 272. 278, 204, »47, 340, 350, 371, 372, 
370 

I>roblenw of, In Caribbean Defense Com- 
mand, 236-240 

Army Air Forces Hoard. 43, 4a. 188, 180 
Army Committee for Inaect and Rodent 

Control, 46 
Army Epldemlological Board, Neurotropic 

Tlrua Disease Commission of, 38 
Army Ground Foren«, 108, 237, 238 

Jariadkatloa orer medical «alts, 73 
Army Malaria Control Organisation, S7S 
Army Medical School, Army Medical Center, 

22, 30, 48, SO, SB, 430 
Army-Nary Munitions Board, 32 
Army Pictorial Beirlce, 50, 09 
Army School of Malarlology, 22, 23, 185-18«, 

188.238 
Army gar rice Forcen. 18 

International Aid Division, 40 
Morale Services Division, SI 
Special Service Division, 31 

Army Specialised Tnlalng Program. 23 
Arno Valley, 283 
Artluopoaaorae diseases. 1.401.473 
ArUrapnaa.rn.fa 
Amha, 133,202,213,225.227,237 
Aacenatoa Island. 138,143,187, SB» 
Aata, 123,847, 404 
Ante Minor, SC«, 81«, 333 
Asiatic-Parlar theaters, I» 
Assaaa. 347.34* 8% 3«4,888,88« 

Anapacfca teaoaapaara* leaeaapaprna la, 

ajpinaaimte malaria In, 388 
ITpper, 374 

Aaaam Hills, 330. 301, 382, SSI 
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Aasistaat BMdieal laapectora special   (aaa- 
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AwMM-iutiou if Stute und Territorial Health 
OnY-er». 3K 

Aannclon. 13» 
Ad.vut. 334 
AUhrini», 0, 7. K tW, 1*1, 131». 157, IV», IDS, 

333, 34» 
administration, nietbud of, in Southwest 

Paeifle Area, "»M 
blood level, low, in clinical inalnrln, 470 
clinical HUp|H-ew<iiiu of malaria by, 30, 32, 

33 
See aim Abtbrine, therapy, >m|M,ireiMlre. 

conference on. 30 
dim i|>lloe in— 

China-Runna-India theater, 304 
South l'ariflc Area, 401», 470 

dosage of. 30,31,14«, an,304,200,207, 55.1 
in Americal Division. 421) 
in Bougainville, 43» 
in China-Bnrma-IiHlla theater, »M 
in 43d Division, 433 
in New Georgia Group, 42N 
in Russell Islands, 427 
In South Pacific Area, 46», 470 
In 35th Division, 431 

effect of: 
upon PlmnmoMium 1»lcip*rum Infection«, 

36 
upon runmo4\*m tivmt infections, 30 

field tests of, in oversea theaters, 35 
In Panama Canal Zone. 173 
in Trinidad Set or. 232 
plasma concentration »f, 31,583 

ariaary chemical u*t to indicate, 306 
prod wt Ina of. 31,32,33 
propaganda, la Chlaa-Banna-Iadia 

theater. 394 
prophylactic nse of, 2SH 

research, 470 
ataMHes, in Mith V.M. Armr Tralaiag 

Center, 0*3-4*4 
aaaaty of, failam la, 3« 
therapy: 

hreaktanMKh levels la, 35B 
laBaUan.504 
in Panama Canal Zone, ITS 
In Soath Pacificcampaign,400 
la Trinidad Sector. 232 
sappressl ve, 151,132,196, 222, 330,385 

discontinuance of. 471 
epMeariotosiral aspects of, 585-058 
la Africa-MMMIe Eaat area, S46 

in China-lliirinn-IiMlia theater. 372. 
310-.1WI 

In Kfate. 421,433 
in Kxittritu Santo, 435 
in «iiiiMliiliiiiinl, 4311 
in Mediterranean  theater,  305,  270, 

3U-2SI7 
in North African theater, 249, 27!», 

3jat-21»7 
in Hkiuawn, 403 
111 147th Infantry, 43»-i31 
ill South Pac ilk- Ami, 40H-4T1 
lu Southwest Pacific Aren, 553-55N 
In 13th Cnvnlary Regiment, 550 
in I'.S. Army Force» In Central 

Africa. 327 
akin lesion» following, 470 
untoward reactions following, 

sit«, a»7 
tnxicity of, 33,305 

in Cbtiia-Hurma-Indla theater, 398 
In Negro troop», a« 
in Sisth U.S. Army Training Center 

atndlea,364 
In South Pacific Area, 470 
in Southwest Pacific Area, 53S 
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Atkinson Field, 210, 324, 234, 2SK, 238, 240 
Atlantic, 230 
Atlantic Coast. 105 
Atlas MonntalBM, 256 
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AastrallsiaB Beaton: 
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Anophciei tnrra/ll In, S32 
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Ammpktte* mnmuHpe* la, B27 
Ansparte* saaero/M in, 027 
«atImalarla school lu, 363 
malaria la, 314 

Aastralia New Oaiaea AdmlaistratiTe Uait, 
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Australiaa Air Force, 013 
Australian Army, 513, 00* 
Australiaa Government, 514 
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Iriackwater fever in, 322 
cerebral malaria In, 522 
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demic malaria in, 521-322 

8rc «Im» Papau. 
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Aaerbaljan, 319 
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Bajmc, 301 
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Baghdad. 306 
Bahama Island«, 121.230 
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Baia de Mo Marcos, 16» 
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Balarana Hirer, ton, 400, «2, 430 
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Auopkric* aarkarwrf In, 323 
Baluchistan, 321. 323 
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torpedoes, 449 
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Barbados, 118.2« 

Bari. 203. 27«, 2T8 
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defense of. and malaria In, 487-311 
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malaria In: 
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daily IKIIIIIHXIIHI r«l<- fur. 30" 
epldeniolofry of, 407-MtN 
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quartan malaria in. 3m 
quinine prophylaxis in, 4110 
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Itataan Province, 408 
Hathiirst. .10» 
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Battle casualties, 372 

hospital admissions for malaria compared 
with. 1 
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Keane Flekl, 205. 224, 238, 240 
Bed nets, 203,402,343 
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use of. 114, 138, 160, 1«Z 218, 230, 2» 
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rixro (i) 
CNOB (1) 
CU. (1) 
CBJ) (1) 
CBH  (1) 
TAO  (1) 
Tin n> 
IJAG (1) 
TPMO (It 
Oa** (1) 

U> 
><•») 

B*t(l> 
OBOOXABC (1) 
ABABCOM (1) 

OB llaj tvaajd  (J) except 
IHAHKUH  (4) 

8HAPK (2) 
OH HUB COBMl  (1) 
1A* Coa»d (1) 
iinw (l) 
Amte« (1) 
«•on» (i) 
Dir (3) 
■»ft/Ba/Bg (1) 
Mad Ba (1) 
llfd CO (1) 
Med Det (1) 
TC (1) 
UBBA (ft) 
BTC CMtoRM (2) 
Br   Rrc   Kt   (1)   «Kept 

BFSS (8) 
Bed ■nrlaWet Brh (J) 
Bed See, GENDCP (1) 
Bed De» (1) 
Oca BMP (B) 
Xuaei AH (4) 
USA Baa»  (»Via» Bets) 

(1) 
t'BA Hoe» (MB-M» Bale) 

(») 
DBA Baa» (BBJ-7B» Bade) 

DBA Baa» (TIB Om Beaa) 

Bed üca (1) 
WBAatO (5) 
BAlfC (5) 

WHA1U (S) 
AIW (5) 
Drf Log Bat Oea (1) 
Def Med flat On (1) 
U8APEK8CBN (1) 
ÜKA TBANB Taal Caad (1) 
Anajr Tenalaal (1) 
PO (1) 
Bed La» (1) 
AIT» (1) 
Ann aal» (1) 
Bed lid Batet Shape (1) 
DB (1) 
Map (1) 
DBA Cerpe (1) 
JIAAO (1) 
BU Baa (1) 
tth Heap Oea (1) 
Uatk BaapOM (1) 
JBDBBC (1) 
Delta  rgialeil aadar f«t- 

tewtaajTOeTa: 
8-Sat (1) 
(MB1 <»> 
8-SM (1) 

HtatarhaU Deal, CIABEDS 
(UB») 

JTO: Btr (1) ; Be» U) ; DBA Baa» (1) 
VMAMt Lag Oaaai (1); Mr <1); Be» (1): DBA 

MHO). 
leeflaei 

VeH.VM.at 
IKAOL 

(1); TO« 

aenteiail H 


