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Foreword

The publication of this vohime on Arthropodborne Diseases Other Than
Malaria completes the preventive medicine discnssion on communicable diseases
t this historical series of World War 11,

In chapter I, Introduction, the late Dr. Henry S. Fuller, Chief of the
Department of Rickettsial Diseases at the Walter Reed Army Institute of Re-
search, Washington, D.C., has stated snecinetly many of the ontstanding nt-
ters about which T wonld comment had not Doctor Fuller already done so in
a practical, down-to-earth manner. He has splendidly set the keynote for the
succeeding chnpters in this book. Throughout the entire volume the reader
will likely hold in one hand at all times the potential hazard of infection with
arthropodborne disease, while in the other he holds the key to either success or
failure—the effectiveness of military preventive medicine.

As is true with all volumes which have been published in the historical
series of the Medical D. partment, U.S. Army in World War 11, the knowledge
contained in this book is of great importance today not only to the Armed Forces
but also to all of our Nation’s health resources, as well as to others who are
attempting to preserve the peace and to improve the lot of man in far-flung
areas of the world.

To all those engaged in the varions health fields and particularly to those
whose continnous responsibility it is to maintain and improve the health of our
military and civilian personnel, nt home and abrond, this volume is of inesti-
mable value. For those personnel of our militnry, of other govermmental
agencies and of privately supported medical netivities who are now or at some
future period may be engaged in furthering the general advancement of our
people-to-people program in those areas of the world which we think of as
underprivileged, and for which great efforts are being made to improve their
national health and well-being, this volume should be un essential text. Medi-
cal officers and practicing physiciang in the fields of preventive medicine and
internal medicine will wish to consult and read this text which, althongh histori-
cal, is a gold mine of information of current value.

As I read the book manuscript, I was impressed again and again, as I have
been many times during my own long military career—and particularly in 1y
position as The Surgeon General which has reqnired extensive travel to many
areas of the earth—with the existing and potentinl incidence of the arthropod.
borne diseases amongst the populations of a large purt of the world, including
the so-called developed nations. We in the Army Medical Service, as well as
in our sister services, have given great thought and attention to these health
and military problems. These diseases have ocenpied the tinte and best efforts
of many in our field surveys, resenrch lnaborntories, hospitals and dispensaries,

X1



X111 FOREWARYD

classrooms and bourds nnd camnittees of medical experts.  This i< equally t1rne
of the higher offices of Government and the halls of Congress.  Ta the Intier
we are deeply gratefnl for the understanding apprapriation of funds for 1he
contimmtion of wany stndies and research Iegun before, or during, World
Wr I, or continued thereafter and direcied 1owurd the eradieation or control
of snch devastating disenses as epidemic and mourine ty phns fevers, serub typhus,
dengue, plagne, yellow fever, filariasis, and others.

When confranted with these conditions in Workl War 11, wmany medicnl
officers bad no real previons elinical experience with them,  Old knowledge hiand
to be relenrned, new knowledge had to be gained, and hoth had to e applied
in the sitnations nt hand.  Likewise, it was with commanders of small nud Inrge
bodies of troops who failed at fist to 1ake sevionsly the aetnal impact which
these disenses conld and wonld Lave upon the comubat effectiveness of thrir
troops. It was imperntive that hoth medical ofticers and commmnders e ori-
ented and indoctrinated accandingly.,

The fnrsightedness which the late Brig. Gen. James Stevens Simmons,
wartime Chief of the Army’s Preventive Medicine Service and Dr. Francis ¢4,
Bluke, Dean of the School of Medicine, Ynle University, demonstrnted in
establishing the Board for the Investigntion and Control of Influenza and
Other Epidemic Diseases in the Ariny (later enlled the Army Epidemiological
Board) went far in providing the expert assistnnce in the direction and control
of mnny of these conditions, Various memnbers of this Board nnd its componet
commissions conducted invaluable field work in practically all areas of the
world where our troops were located, as well ns in many university laboratories,
making possible the technical knowledge which was then, and is now, utilized
by the Medical Department personnel in the recognition, the control, and the
treatment of these diseases. Too much cannot. be said in recognition of and for
the positive contributions made by the Army Epideniiological Board and also
the United States of America Typhus Commission, the latter being established
by Executive order of Presilent Roosevelt in December 1942. Tt was most
appropriate for Brig. Gen. Stanhope Bayne-Jones, MC, USAR {Ret.), to
disciss the activities of this most important body in chapter X of this book.
No discnssion of typhus fevers in World War 11 conld be complete withont an
acconnt of the active role undertaken by the Typhus Commission. The unique-
ness of its organization, its personne] of highest professional caliber, and the
control and operation with full support from highest. governmental circles made
possible a most effective agency in the control of typhus fever. (General Bayne-
Jones writes not only from a background complete with knowledge of the
typhus fevers, bnt also as a former member of this Commission of which he
was the Director from 1943 to 1946, when it was disbanded.

This volume, written as it has been by 10 established authorities, is one
of the most interesting, readable, as well as informative, medicomilitary his-
tories which I have had the opportunity to review and for which I have had the
pleasure of preparing a foreword. Althongh I have devoted most of iy pro-
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fessional life to the practice of general snvgery. 1 found myself deeply engrossed
in the presentations cantained in this bhook--perhaps becanse in my present
role wany aof the disenses discnssed here have far-veaching implications today
i onr efforts to gnin and snpport the freedom of all peoples thronghont 1he
world.

With thix volume  print, a commendable comtribution to medicomilitary
history, and to medieal liternture in general, has been made. To the authors
md editors, ta The Histarienl Unit, US0 Anny Medienl Serviee, and ta all
others who have made this passible, aur gratefunl appreciation is expressed.

Lroxakn D, Hesvroxs,
Lieutenant General,
The Surgcon General,



Preface

Fromc the beginming of vecorded military history, arndes a1 war bave been
afflicied by discases barne by insects, mites, ticks, nud fleas belonging to the
anivd phvtma Avthropoda.  Malaric and otber arrhropodborne diseases have
caustineted an enemy on an additional fron, ane which often wreaked more
haver than the human enemy.

1n vobie VI of 1his series, the story of malaria control in World War 11
lias been 1oll. The present valne is concerned with other diseases borne by
mthropesds and witlarhe measurves taken to minimize their impact npon military
cpermtions.  The general snecess of the U5, Army’s miensures in preventing
the anhropadbarne diseases, in spite of their frequemly high incidence in
neigldwring civilian papnlations, spenks elogquently for the value of the control
programs.  These inclided 1he developnent and nse of insecticides, snrveys,
chemmthernpy, nid other measures. Thix general snevess points up the neces-
sity for emadinmed vignlanee and forther research.

The sanhors who have andertuken the task of preparing the chapters in
this volmpe Luve striveic1o record necurately the failnres as well as the suc-
cesse~ i the difficuh fight agninst the arthropadborne diseases diuring World
War 1L They have cavered their snhjects fram the standpoint of their own
actual experience.  Gratenl appreciation is expressed ta them far their coop-
ertion.  Thauks are also extended ta wll of those who reviewed the. chapters
aud made valmble suggestions to the nnthors.  Far this essentinl help, thanks
are expressed to: D Jdestin M. Andrews, Dr. Stunhope Bayue-Jones, Dr.
Lowell T. Coggeeslinll, Dr. Quentin M. Geinm, Dr. Jolm E. Gordon, Dr, Wil-,
liam MaceDowell Hammon, Mr. Willinm A, Iardenbergh, Col. Gottlieb L., Orth,
M USA, Dol R, Paad, Dr. Thoums B. Torwer, Dre. Thowas G Ward,
and Dr, Andrew JJ. Warren.  The interest and support of the Inte Dr. Francis
G, Blake and 1le late Dr. Elliot S .\ Robinsmie are recorded here with
gratitide.

This presetd olinme, ax well as the others in the Preventive Medicine series,
ix the outcome af the planing, direction, and detniled concern of members of
the Editorinl Ndvisary Boand individually aud as o body.  Dr. Stanhope
Bayne<lones. Chairman of the Board, has branght to hear npon this volnme
Lix awn significant experiences in the preventive medicine progmm during
Workl War 11, In writing snd reviewing nnd in his detailed scrutiny of the
entire volume, Dr. Bayne-Joues has comtribited smmensnrably to its content.
The whtors and veaders are deepdy indelted to him. Dr. Panl F. Russell,
menmber of the Editorial Advisory Bourd. not anly participated as a consultant
ta vohie VI an malbaria but has alue reviewad in detnil each chapter of the
present valmwe,  Genteful thanks are extended to him.
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XVI PREFACE

The Editorial Oftice for the preparation of the preventive niedicine history
is situated at the Medical College of Virginia, in Richniond, and functions
nnder it cantract with the Office of The Surgean (teneral.  The editors express
their appreciation to the ’resident, the Comptroller, and other ofticers of the
Medical College for their cooperation which has made possible the work of this
office. The Editor of the preventive riedicine series records lis appreciation
of the achievements of Col. John Boyd Coates, Jr., MC, US\, Editor-in-Chief
and Director of The Historical Unit, U.S. Army Medical Service. In the
task of preparing the comrrehensive history of the Medical Iepartment, .S,
Army, World War II, of which this series is a part, Colonel Coates is making
a valuable contribution to modern medical literature.

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, and Mr. M. C. Rossoff, Assistant Chief, Statistical Analysis
Branch, have not only provided essential data but have also checked and re-
viewed all statistical information in this volmme. Their contribution has been
& substantial one. The Scientitic Illnstration Division, Medical Illustration
Service, Armed Forces Institute of I’athology, under the direction of Mr. Her-
man Van Cott, prepared the illustrations for this volnume. Maps were prepared
by Miss Elizabeth P. Mason, Chief, Cartographic Section, and Miss Jean .\.
Suffran. Cartographic Draftsman, of the Special Projects Branch, The Histor-
ical Unit. Research assistance was rendered by Mrs. Claire M. Sorrell,
Historian, of the General Refereice and Research Branch, The Historical Unit.

The editors gratefully acknowledge the assistance of Mrs. Marjorie G.
Shears, Editor, of the Editorial Branch, The Historical Unit, who performed
the publication editing and prepared the index for this volume.

Espe Coxns Horr, Ph. D., M.D.
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CHAPTER 1

Introduction

Henry 8. Fuller, M.D.

Humanity hag but three great enemies: Fever, famine and
war; of these by fay the greatest, by far the most terrible, 18
fever. * * * as far back as history will carry us, in ancient Greeve,
in ancient Rome, throughout the Middie Ages, down to our own
day, the noisome pestilence, in whatsoever form it assumed., has
been dreaded justly as the greatest of evils.—Osler, 1896,

The main groups of arthropods of military significance are the same as
those which are important as vectors of diseuse among civilians and lower
animals. These insects are certain mosquitoes, sandflies, lice, ticks, and mites.
Of these, the mosquitoes, carriers of malaria, yellow fever, dengue, some types
of encephalitis, and filariasis, are transmitters of the greaiest number and
amounts of noisome pestilences in this category. Furthermore, of the disenses
in this group, malaria outranks all the rest. Indeed, malaria was so prevalent
and so devastating among troops in the Pacific areas, the Fur East, and the
Mediterranean region during World War II that an entire volume!® in this
series was required for adequate presentation and discussion of its varied, ex-
tensive and important problems, and the fight waged agrinst ninlaria,

The present volume, therefore, deals with the arthropodborne diseases
other than malaria, and other than tularemia, which although tickborne in
some instances happened to be included among the communicable diseases
discussed in another volume ? at an early time in the planning of this series,
because of emphasis of transmission by contact. While malar.a is not one of
the subjects of this book, brief reference to past experience with it must be
made here to establish perspective.

The U.S. Army entered World War II with prior experience in mosquito-
borne and louseborne diseases. During the calendar year 1898, which included
the Spanish-American War (24 April-10 December 1898), there were re-
corded ? the following insect-borne diseases in the Army : Melaria, 90,416 cages;
yellow fever, 1,160 cases; and dengue, 249 cases, with fatality rates per 1,000
cases of 4, 123, and 8, respectively. As is well known, yellow foever was the
great killer, and this fact has obscured the important role played by malaria.

1 Medical Department, United States Army. Preventive Medicine In World War 1I. Volome VI.
Communicable Diseases: Malaria. Washington: U.8. Government Printing Office, 1983,

3 Medical Department, United sulte- Army, Preventlve Medicine In World War II, Volume V.
Commnnicable Di Tra Th h Contact or By Unknown Means. Washingtun: U.S.
Government Printing Ofies, 1960, pp. 131-138,

3 Report of The Sufgeon General. U.8. Army. Washington: Government Printing Office,
19001901,

1



] COMMUNICARBLE DISEASES

In 1899, the year following that war, malaria continned te produce the highest
morbidity vate, while yellow fever produced 262 cnses with a fiiality rate of
210 per 1,000,

Three insect-horne diseases are vecorded * for U.S. troops in World War 1.
Again nalaria takes first place with 16,930 recorded cases and with high at-
tack rates for troops stationed in the United States, Panann, and the Plilip-
pines. Trench fever made its debut. in wilitary medicine in World War 1.,
with 961 cases recorded for the American Expeditionary Forces in Europe.
The third insect-borne disease of World War 1 was classical, louseborne,
epidemic typhus, with 47 reported cuses. Thus, prior to World War II, ma-
laria, yellow fever, dengne, trench (Volhynia) fever, ond epidemic typhus
were the arthropodhorne diseases with which the Ariny Medical Corps had
bad firsthand experience. It follows, therefore. that our Army’s practical
experience in dealing with vectors was virtually limited to certain of the
anopheline vectors of malaria, the culicine vectors of yellow fever and dengue,
and the boady louse which transmits trench fever and epidemic typhns.

‘The arena of World War II, comprising all of the major land masses
and nmiany islands from the smllest to the largest in size, saw onr troops
exposed for the first time, in »fnmiline surronadings, to 1 wide varietv of
infectious disenses. The hazard of infection was often unknown to the troops,
their medical officers seldom had hiad previons clinieal experience with such
problems, and most of the military entomologists were meeting vectors new
to them. The results of mass exposure af the Army to infected vectors are
indieated approxinately in table 1.

In introducing this history. it is useful to consider military problems in
arthrepodborne disense from the distinctly difierent standpoints of the line
ofticer, the medienl officer, and the entomologist.

The tield commander encounterel onr present group of diseases in several
types of setting. During training and staging operations, for example,
filariasis was important in troops being readied in American Samoa for the
assnult on enemy-held islands in the Pacific. The fenr of contracting this
infection, in purticnlnr the horror of elephantiasis as a possible consequence,
severely affected the mornle of men who were shocked by the sight of natives
whose scrotums were enormous. The fenr of sterility wns enhanced by the
knowledge that there was no effective drug for trentment of filariasis. It seems
probable to this anthor that the fenr motivation—fnndamentally undesirable
though it be—prompted men to cooperate in mensures designed to control
mosquitoes, to prevent mosquito hites, and to avoid contact with indigenes,
althongh soldiers nre not nsnally afrnid of contact with local inhabitants as
indieated by the large number of cases of venereal disease in all theaters?

4{1) The Medlcal Department of (he Unlted Rtales Army In (he World Wnr. Washlagton: U.8.
Government Prinding Office, 1928, vol. IX, pp. 483, 483, and 313. (2) The Medienl epartment of
(he United Statea Army Iln (he World War. Washington: Government Prinling Office, 1923, vol.
XV, pt. 2, pp. 580-669.

5 Medical Department, United States Army. Preveative Medicine In World War 11. Volume V.

Communicable Mseases Transml(ted Through Contact or By Unknown Means. Washington: 1.8,
Government ’rin(ng Office, 1960, pp. 139-341.



INTRODUCTION 3

TasLE ).— Estimated incidence and deaths, and case fatality rate, due to arthropodhorne diseases
1 the UK. Army, 10042-45

[Preilminary data based on tabuiations of individual medicul records]

Disease Incldenre i Deaths  Fatulity rate
(numtwr) (number) ;porl.ooousn

Malaria- - . ..ol il 378, 000 302 0.8
Dengue.__ ... . __..___........ ... e 91, 000 4 0.0
Sandfly fever.____ il _ 19,000 0 ‘l 0
Scrub typhus_. . ... _______. .. B A 5, 400 283 | 52. 4
Filariasis - ... . ... ... . ... .. _. i 12,500 | 1 .4
Murine typhus. ... .... ... & 800 | 15 1838
Leishmaniasis_. .._.. . _ . - A 500 | 0 ht
Encephalitis.. .. ... _..__. . 1400 ! 21 52.5
Tularemia. ... __.._._..._.. ___. le ee. omrm. 200 | 4 20.0
Relapsingfever ... ____... ... ... . .. . ; 170 ; n 0
Rocky Moun’ iin spotted fever.__ . . ________. __ 130 12 92.3
Epidemie typhus. _ _.___._ ... .. .. ... ... 100 0 0

1 Admissions only, data on secondary diagnosis cases ure not available for 1942 and 1943.

8 : Tables of incid and deaths from “Infectious and Parasitic Diseases in the United States Army During
World War1l. Each Theater by Specific Disease and Year.”" Department of the Army, Office of The Surgeon General,
Medical Statistics Division, 28 July 1984. (Revised to Include changes made up to $ October 1960.) The following notes
are quoted from the ashove-cited volume of statistical tables:

The data are to be d pre! y pending pubiication of final tabulations of the individual medical records
@.D.

Caution should be exercised in evaluating the dats for low Incidence d iseases which were based on smnall (that is, 20
percent) samples (p. fi).

For purposes of this vol the Mediu theater Includes North Africa and the North American thuater n-
cludes Alaska and lceland (p. 11f).

Although the mortality data wers based on complete flles of Individual medical records, they too are to he considered
provisional pending publication of final tabulstions (p. 1),

The suthor has used approximate rounded figuresextracted from s number of tahles in this mimeographed statistical
volume.

During and immediately after an invasion, dengue, sandfly fever, and scrub
typhus—each in its own locality—caused attack rates which will never be foz-
gotten by the commanders whose troops encountered them. Dengue and
sandfly fever struck down mnany men of invading forces, rendering them
noneffective against the usually immune enemy force, who were immune because
they had suffered their attacks several months or years previously. Thus, the
invading force was severely handicapped by disease during the critical period
of landing, and establishing a beachhead, even before it had an opportunity
to proceed with the business of securing the hinterland. Dengue and sandfly
fever struck like lightning, inflicting serious inroads during the first week of
exposure. Scrub (yphus, with its longer average incubation period and more
insidious onset, began to make known its presence during the second, third,
and subsequent weeks of a campaign. For its military significance, every line
officer should be familiar with the outbreak at Sansapor, New Guinea (ch. XI),
in which scrub typhus rendered a regiment ineffective more quickly and thor-
oughly than would have been expected as a result of severe enemy action.



4 COMMUNICABLE DIREANES

The aforementioned exaniples can be wnltiplied manyfold.  The lessans
learned shonld be poudered hy every line otlicer and corvied ont aceordingly.

The medieal officer, knowing full well 1hat the statistics in table 1 nre
snbject to mmerans fallacies, vealizes that the nimbers, in themselves, are no
indication of the severity of a particular disease problem at a given time nnd
place.  Malaria, of all the arthropodborne diseases affecting the Army in
World War 11, was af paramamt importance for approximately ane-fonrth
of the earth’s lmman papnbition lives in umlarial zones, and onr troaps were
present in most of the places where malaria flonrishes.

In terms aof locality, the Sonthwest Pacific theater recorded the greatest
mmbers of admissions for arthropadborne disease, ranking number ane in
this vespect, with the rank of the otlier theaters ax follows: Second, Centinl
nnd Sonth Pocifie; third, China-Barma-ludia: fanrth, Mediterranenn; fifth,
coutinental United States: sixth, Europe: seventh, Latin Awmerica: eighth,
Middle East: and ninth, North Amerien. The sume order of rank of theater
was observed for nmlnria admissions with the exception thnt continentul United
States rank>d fonrth and China-Burma-India ranked fifth. For dengue. the
rank of theater by admissians was as fallows: First, Southwest Pacific; second,
Centrul und Sonth Pocific: thivd, Meditevrnnenn: und fanrth, Chin-Burnm-
Indin.  For sandfly fever, the runk of theater by admissions wius as follows:
First. Mediterranean: second, Middle East: third, China-Borma-India: nnd
fourth, Europe.

Sernb typhns prodnced the following rank of theaters by ndmissions:
First. Sonthwest Pacific; second, China-Burma-India; and third, Central
and South Pacitic. Filariasis produced the following rank of theaters by
admissions: First, Central and South Pacific: second, continental United
States (not untochthonons, hut dingmosed by blood smear of troops evacuated
from1 overseas): and third, Southwest Pacific. Murine typhus ocenrred as
follows: First, continentnl United Stutes: and second, Centrnl and South
Pacific. Leishmaniasis, almost solely entnneous, was a problem of the Middle
East. Encephalitis, which is a heterogeneons assemblage inclnding entities
uot transmitted by arthropods, was reported mainly from the continental
United States. Rocky Monntain spotted fever was reported solely from the
continental United States. The remainder of the diseases in table 1—tularemia,*
relapsing fever (ch. VIII), and epidemic typhus (ch. X)—occurred in small
numbers of cases.

The values given for incidence rates for arthropodborne disenses in the
U.S. Army (table 2) are at once illuminating to those who saw active service
in one or more of these theaters, and shocking to those who did not. These
rates reflect the interplay between at least two factors, each operating to an
extent which is difficult to evaluate for any given theater. One factor is the
amount of potential hazard of infection with arthropodborne disease, while
the other is the effectiveness of military preventive medicine. .Although the
degree of hazard can be stated in rough, comparative terms, it is virtnally im-

¢ Slee footnote 2, p. 1.
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possible 1 ~measnre”™ by reason uf the mnltiplicity of factors involved. It
respuires little erdition to state thae the hazard of nnhropodbome disease was,
genernlly spenking, less in Alaska than it was in the Ckinn-Burma-India
theater: it is undonbtedly relevant to note that a Theater Preventive Medicine
Section was formed in ¢ ninc-Borma-India, for the first time, in late 1944,
Within that theater. the risk of mfnction, for example, with serub typhus was
nil for personnel why were not exposed to the vector species of chiggers. For
those engaged in actual combat in Burnm, the hazard was extremely high, as
evidenced hy excessive attack rates in Merrill’s Marauders and the Mars Task
Force iliring 1944 and 1945, respectively. Similar examples can be cited for
this and other arthrojuddbome diseases in varions theaters. That the rates
were uo higher than they were run be ascribed, in part, to the application of
appropriste preventive measures. lHowever, all the advice and recommenda-
tins will be ineffectnal if the imlividual combatant does not comprehend in
sonie degree the reasons for their application, and 2o nssist in their being carried
ont.  Althongh these troops were provided with repellent, which kills the
chigger vectors when nsed praperly, they iliscarded this muterial as well as
other equipment which they did not consider essential to their survival in
rombat.

Tonik 2. Incidence rates for arthropodborne diseasen sn the ['.S. .trmy, by theater or area
of admission, 1942-45

{Prelitninary data based on tabulations of individusl medieat records]
{Ratr expressed a8 number of caves m sanom pef 1,000 average trength)

Rank ‘ T\nueronm i Rate
S o= P o— — |
1 .. China-Burma-India...  ...._ _...._.. e aeeo., 114.69
2 . Middie Fast._ .. e e e ... 91.85
3 . Bouthwest Pacific_.... ... . ceee ceieal 87,59
4 . B Central and Bout! Pwlﬁc . . 86. 83
3 . o Mediterranean_ .. .. .. 5 a0 0oe 50. 58
[ Latin America. . o B e BBEsaAaa 06080 42. 76
7 Kurope___. .......  ....._.. R 4.9
] (‘munent-llniu-d States ... ... .. .. 3.12
M \oﬂhAmrriu ............ e e e .39
‘l'mlArny. ................. - 00 nos oooEog i 19, 56

Seuree: Modicul epartment, lnbﬂmhy Proventive Medicine in World War II. Volume 1V. Com-
municohly Disvasss Trasemitted Chislly Trough Respiratery and Al Y Tracts. Washi : U.8, Government
Primting Ofier, 1908, p. &,

With respect to mortality, it is clear that the greatest numbers of deaths
from arthropodborne disease were caused by malaria and scrub typhus. In
view of the availability of effective, specific antimalarial drugs, it seems fair
tw conclude that the deaths attributed to malaria—if correctly so—were pre-
ventable. Such was not the case with scrub typhus. As pointed out by Gor-
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don, the mmmual death rate of 14.6 per 100,000 for scrub typlins in the China-
Burmu-India theater topped that of any other conwmnicable disease in any
theater of World War II.  Fovtunately, in view of pustwar developments in
broad spectrum antibiotic chiemotherapy, deaths from scrnb typhas are now
in the preventable category, as ure deaths from wrine typhns (ch. X) and
other rickettsinl diseases.

Epidemic typhus, plagie, and yellow fever hnve been among the major
pestilences of previous wars. It is noteworthy, therefore, that the U.S. Army
in World Wur I1 expervienced only slightly move than 100 cases of louseborne
typhus, while there were no recorded cuses of plague or yallow fever. A critical
review of the facts presented in this volume leads to the conclnsion that this
experietice in Workd War I is truly o trimmpls of militnry preven.ive medicine.

When confronted hy actual situations involving arthropodborne diseases,
the medical officer is often understandably confused, 1or hic prior training,
experience, and viewpoint have rarely eqnipped him to deal with such situations
with equanimity.  In approaching the snbject, therefore, it is helpfal for him
to bear in mind the following pomnts:

Three general princlpler govern the efficiency of arlhropods as vectors of human
disease and of other animal species as reservoirs of infectious agents. They are the
character of the exlsting host-parasite relallon between species and Infectious agent con-
cerned, the population numbers of vector or anlmal reservolr, and the relationshlp to man
of the specles acling as reservoir or veclor. The first Is Inherenlly a biologle matter ; the
other two bring Inlo play the whole ecologic complex. Populatlons of arthropod vectors
and anlmsl reservolrs are Intimately reiated to the physical environment for as the physical
envlroument acts on man as a host, an ilkewise it affects these other hosls®

One who reflects upon these ecological considerations will realize the com-
plexity of the problem nnd the consequent requirement for comiplete cooperation
between physician and entomologist.

The entoniolagist las a primary, indispensable role in the prevention nnd
control of arthropodborne infection. Of the six human diseases snbject. to inter-
national convention, fonr ave arthropodborne: epidemie typlims nnd relapsing
fever, trnasmitted by lnnnan body lice: plagie, by certain rodent-fleas: and
vellow fever, by certain enlicine mospiitoes. This fuct alone serves to place
these dread disenses in perspective for the wedical entormologist.

Of the ‘lisenses considered in this volime, effective vaccines for general
use are avnilable oaly for yellow fever, epidemic t¥phns, vmrine typhns, and
Rocky Momtain spotted fever, while the effectiveness of varions plague vac-
cines continues to be a snbject. of investigntion (ch. VII), For prevention and
control of these diseuses, however, these vaccines supplement. nnd do not snp-
plant, vector control, whicli remains the core of arthropodborne disease control.

*gordon, John E.: Genernl Conslileratlons of Modex of Transmisslon, Jn Medical Depsrtment,
Unlted Siajes Army.  Preventlve Maodielne 1o World War 11, Volume 1V, Communicable Diseases
Transmitted Chlefiy Through Respiratory and Alimentary Tracts. Washington: U.B. Government
Printing Office, 183K, 1. 40,

¢ Gordon, John E.: Ecological Investigation of Disease. /n Rewearch In Public Health. jPapers
presented at the 1951 Annual Conferenee of the Mllhank Memorial Fund.] Mllbank Memorial Fund,
New York, 1032, pp. 49 -85, esp. p. 53,
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This fact is emphasized (1) in order to place vector control in perspective in
its relation to disease control, and (2) because the folly of neglecting or omitting
vector control has been so convincingly demonstrated on so many occasions
that the experiment need not be repeated. He who doubts the truth of these
statements will do well to ponder tle lessons contained in the ensuing pages
of this volume.



CHAPTER 11

Encephalitis
Albert B. Sabin, M.D.
SIGNIFICANCE OF THE TERM “ENCEPHALITIS”

The clinical diagnosis of encephalitis covers a multitude of clinical, path-
ologic, etiologic, and epidemiologic entities. Clinical records from civilian
as well as military medical practice reveal that the diagnosis is commonly
made whenever clinical manifestations suggestive of cerebral disturbance (rang-
ing from mild lethargy to coma, from slight delirium to complete disorienta-
tion, from restlessness to convulsions) are associated with an otherwise
undiagnosable febrile illness. The diagnosis is also not infrequently made
when the aseptic meningitis syndrome is associated with what may be inter-
preted as lethargy or unusual restlessness. It is made not only when cerebral
disturbance is associated with pleocytosis, but also in its absence. The clinical
diagnosis of encephalitis is not infrequently made when toxic encephalopathy
is associated with certain bacterial infections.

The unqualified diagnosis of encephalitis has no significance for either
civilian or military epidemiology because it deals with totally unrelated
diseases. Unfortunately, neither civilian nor military reporting of encepha-
litis has ns yet required the qualifications which would lend the data any
significance, Military preventive medicine and epidemiology are obviously
especially interested in the encephalitides which may occur in epidemics.
During World War I and in the decade which followed, encephalitis lethargica
(von Economo’s disease) appeared as an epidemic disease. Between 1930
and 1940, however, this disease became extremely rare, and a new group of
epidemic summer encephalitides of diverse virus etiology was recognized as
a source of potential dsnger. The epidemics of St. Louis encephalitis in the
St. Louis area in 1933 and 1937; the outbreak of eastern equine encephalitis
in human beings in Massachusetts in 1938; the demonstration in 1934 that the
oft-recurring epidemics of summer encephalitis in Japan were due to & virus
which was related to, though antigenically different from, that responsible
for St. Louis encephalitis; the discovery in 1937 of the spring-summer type
of encephalitis in the forested far-eastern regions of the U.S.S.R. and the
demonstration that it was caused by a new virus which was tickborne—all
brought to light new epidemic diseases which were of special concern to the
military epidemiologist.

T18-761'—84—3 9
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ENCEPHALITIS DURING WORLD WAR 1

There were 80 admissions for encephalitis in the Army between 1 \pril
1917 and 31 December 1919. Little or nothing is known of the clinical varieties
included in this number, but it is noteworthy that 27 deaths occurred, yielding
a case fatality rate of 33.8 percent.! It is probable that some of these cases
were the then newly recognized von Economo’s disease.

ENCEPHALITIS BETWEEN 1920 AND 1940

The Army was apparently little concerned with encephalitis during the
1920-40 period. Although a number of new encephalitic viruses were dis-
covered between 1930 and 1940, the natural history of the infections, particn-
larly as it related to human disease. was still in the earliest stages of
investigation and very poorly understood.

It may be recalled that the epidemiologic studies on the 1933 epidemic of
encephalitis in St. Louis ended with the conclusion that it was essentially an
infection of human beings transmitted by secretions of the upper respiratory
tract. Early observations on the western equine encephalitis suggested that
the infection may occasionally affect human beings, but no significant epi-
demics proved to be due to this virus had occurred by the end of the 1930
decade. Experimental work with the viruses of western and eastern equine
encephalitis indicated that various species of Aedes mosquitoes were capable
of transmitting these viruses, but no direct evidence was available that these
viruses were arthropodborne. In 1938, however, the occurrence of a small out-
break of encephalitis in human beings in Massachusetts, caused by the virus
of eastern equine encephalitis, indicated for the first time that a virus that was
hitherto known to be responsible only for encephalitis in horses could also
under unpredictable circumstances give rise to an epidemic. The work of
Japanese and Russian investigators brought forth suggestive evidence that
the virus responsible for Japanese B encephalitis may, under natural condi-
tions, be transmitted by moequitoes. The discovery of the Russian spring-
summer encephalitis and the extra-human reservoir of the virus in ticks, and
involvement of various lower animals as part of its natural history, directed
new attention to the possible importance of arthropodborne encephalitis viruses
for human beings.

ENCEPHALITIS DURING WORLD WAR II

Potential Problems and Proposed Research

The work begun in 1941 by Dr. W. McD. Hammon and his associates on
the occurrence of the viruses of St. Louis and western equine encephalitis in

1 The Medlcal Department of the United Btates Army In the World War. Washlngton : Govern-
ment Printing Office, 19258, vol. XV, pt. 2, p. 377,
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wosquitoes under natnral conditions further emplnsized the potential signifi-
cance of arthropodborne virnses us a possible canse of epideunics of encephalitis,
During World War II, the Anuy was particularly concerned with the potential
threat of the viruses of equine and St. Lonis encephalitis in the United States
and of Japauese B encephalitis in the Far East.  The Commission on Neuro-
tropic Virns Diseases, Board for the Investigation und Control of Influenza nud
Other Epidemic Disenses in the Army (later Army Epidemiological Bourd),
was charged with the responsibility of furthering research on these viruses.
The objectives of this research were as follows: (1) To increase our knowledge
of the untnral history of these infectious with special reference to the role
of arthropods; (2) to develop vincecines suitable for lmman use against the
viruses of western equine, St, Louis, aud Junpanese BB encephalitis; and (3) to
develop improved and standardized methods of specific serologic diagnosis.
The occurrence of the first large epidemic of western equine encephalitis, affect-
ing more thau 3,000 human beings (predominantly adults) in Northwestern
United States and adjacent Canada during the sunnuer of 1941, was responsible
for imparting nn urgency to the proposed task.

Actual Experience During the War

Incidence and official statistics.—No epidemics of encephalitis occurred
among the Armed Forces in the United States between 1942 and 1945. During
July and August 1941, however, 12 mild cases of encephalitis of unestablished
etiology developed in a force of unknown size within 10 to 14 days after entry
into & maneuver area near Sabinal, UUvalde County, Tex.? One small outbreak,
identified as Japanese I3 encephalitis, occurred among American forces in
Okinawa in 1945. Small outbreaks of encephalitis of undetermined etiology
occurred also in China and the Philippines during the summer of 1945. [Iun-
dreds of cases of encephalitis appeared in the periodic summary reports, par-
ticularly during 194243 in the United States, but in view of the manner in
which the diagnoses were made, the significance of the statistics is doubtful.
The official statistics for various forms of encephalitis are given in tables 3,
4, and 5. Col. Johu E. Gordon, MC,* however, states that “encephalitis in the
European Theater was a rarely recogmized condition™ and lists only three cases
for the entire period of 1942 through 1945.

It is important to note that practically all reports of encephalitis were
followed up by requests that specimens of cerebrospinal fluid and blond be
sent to the Army Medical School, Washington, D.C., for viral studies. Many
of the clinical records of cases diagnosed as encephalitis presented nothing more
than the syndrome of aseptic meningitis. The Ariny's experience with this
syndrome (frequently also reported as lymphocytic meningitis or lymphocytic

1 Woodlsnd, J. C., and Smith, E, M.: Acute Encephalitis: Mild Epldemic Observed at Station
Hospital, Fort 8am Houston, Tex. J.A.M.A. 120: 338-381, 3 Oct. 1942,

1 Gordon, John E.: A History of Preventive Medicine In the European Theater of Operations,
1941-43, vol. I1, pt. II1, p. 50. [Official record.]
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TasLe 3.-— Admissions for acute infectious encephulitis (including infectious encephalomyelitis)?
in the UV.S. Army, by thealer or area and year, 1942-46

{Preliminary data based on sample tabulations of 10dividual medical records]

[Rate exp d os per per 1,000 average strength)
| i J
1942-45 | 1942 1943 | 1944 | 145
Theater or area _n _ R L L i
Number | Rate “ Number | Rate | Numbe- \ Rate | Number | Rate | Number | Rate
Continental United States_.___. 187 | 0.01 ” 44 |0.02 45| 0.01 ‘ 43|00 35| o0t
Oversens: | ‘

North Ameriea®... . | .. __.i0 | ) R T T o 0

Latin America.... . 3| .01} 2| .02 v oo | [ 0
Furepe_...... . .. 72! .02 1] .01 6| .02 2| .0 LRI ]
Medlterranean 1__ ! 03 ... [ 2(000 x| .04 10 .03

Middle Fast__.__. 1{ .01 [ 2 o ! ez .\
Chins-Burma- indis & 25| 08| ... [ N [ - 5 .03 20| .09
Pacific Ocean Area ... . 37| .08 1| .ol 4] .01 12 .03 0] .05
Southwest Pacific. .. 70| .04 ... ... 0 1| .01 N .05 0| .04
——— e e e | e e o - - — —_— e e | —
Total overseas__ ... . .. 47002 4)0.01 ! 14,000 o | 0.02 | 135 | 0.0
Total Army.. . . . . ... ml‘uozi‘l 4| 0.0 mam| % | 0oz 170 | 0.02

i t { i i

1 Includes admisi for T, B type halitis. Exciudes postvaccinal halitis and postvaccinal eneeph-

alomyelitls.
% Includes Alaska and loeland.
3 Includes North Africa.

Nore.—The strengths on which the rates were based are mean strengths and wiil vary therefore from the officiai
strength reports of The Adjutant General. Absolute zero is indicated by zero tn the units column; 0.0 indicates a rate of
more than sero but less than 0.05 and 0.00 8 ratc of more than zero but less than 0.005.

choriomeningitis) is described by Rasmussen and Smadel.* In many other
instances, the diagnosis of encephalitis was made in patients with moderate
to severe cerebral manifestations during the course of streptococcal or other
bacterial infections. Thus, 10 cases of virus encephalitis reported from Truax
Army Air Field, Madison, Wis., between 31 January and 20 April 1943, were
investigated by Maj. I. Pilot, MC, of the Sixth Service Command Laboratory,
who found that they “were largely toxic manifestations of upper respiratory
infection or specilic exanthemata.”* The cerebrospinal fluid of none of these
patients exhibited pleocytosis, although in most instances there was an eleva-
tion of protein, which in some cases was as high as 143 mg. percent. A study
of the clinical records revealed, also, instances of primary nonbacterial en-
cephalitis of undetermined etiology. It is also of particular interest that the
virus of herpes simplex was demonstrated to be the etiologic agent in three
fatal cases of encephalitis, two originating in the United States and one in

¢ Rasmussen, A. F., Jr, and Smadel, J. B.: Lymphocytic Choriomeningitia In Medical Depart-
ment, United Btates Army. Preventive Medicine In World War II. Vol V. C lcabl
Diseases Transmitted Through Coniact or By Unkmown Means, “Washington: U.B. Government
Printing Office, 1960, pp. 363-366.

5 Report, Msj. I. Pilot, MC, to Chief, Medical Branch, 8ixth Service Command, 24 Apr. 1948,
subject: Enespbalitis and Respiratory Infections, Truaz Field, Msdison, Wis,
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TABLE 4.—Admixxionx for encephalitis, other and undetermined,! n the U.S. Armyu, by theater
or arca and year, 1942-45
[Fretiminary itita based on sample tabulailons of individual medical records]
{Rate ¢ xgresswd as number per annum per 1,000 average strength]

194243 I 1942 w3 1944 945

m——— e i B o0 e e e e o

" Xumber | Kate . Number | Kate | Number | Rute | Number | Rate | Number [ Rale

Thester ar area

| ST

. o i . .
Continental I'nited States ....... 81 o.m! 25 10,10 amioos| wloss| e 0w

Overseas:? . i | i
North Ameriesd . . | 12j0m; 3|0m 8 0. voeoml LT
Latin Ameriea.... . . 3| oL e | 3.0 R T

el o 7. .08 7i .03 I.Si .0t w .0
. mi s LN 50 . . tt A .M to .03

Middle Enstonn. -.. w0 4 o8 .0 L. a
China-Burma-lmlls . 2! .o PR - TS N | B 15 .00, s, .0
Paclfic Oocan Ares .. 3| 03 4 .m| 1] ‘ .05 9! .m w, .03
Southwest Pacific .. . w| .o 3. .M 1 m R o | .08
Totalaversess. L | o.m| 3 0.04] & ‘ o.os‘ %' 002 2| 0.
Total Army.... . .. ... 1,127]0.04 7 o.wl 3 |o.on | wrlom: 28! om

! i I |
'K Postvaccinal phalitis anil postvacelnal encephalomyelitis; acute fnfect lous halitis: and encepsh
lomyslitis, other and undetermined .
3 ont 18 for 1945,

3 inctudes Alssks ard iceland.
‘Includes North Africa.

NOTE.—The strengths on which the rates were based are mean strengths and alll vary therefore from the officlal
steength reporis of The Adjutant General.

Abeolute zero is Indicated by sero In the units column; .0 indicates a rate of more than tero hut Jess than 0.05 and
0.00 & rate of more than 2ero but Jesa than 0.005,

Brisbane, Australia.' A fatal case of encephalitis in a U.S. Navy seaman
in Trinidad in 1943 was proved to be due to the virus of Veneznelan equine
encephalitis.”

Japanese B encephalitis on Okinawa in 1945.—The first experience of
American Armed Forces with Japanese B encephalitis was described in detail
in & publication by this anthor.* llere, only the facts of special interest to
military preventive medicine will be recorded. An epidemic of the disease,
affecting the native population, began early in July and ended early in Sep-
tember 1945. The etiology of the “summer encephalitis” occurring on Okinawa
was definitely established for the first time as being due to the virus of Japanese
B encephalitis by both serologic methods and recovery of the virus from a
fatal cnse. Almost the entire native population (several hundred thousand)

$(1) Zarafonetis, C. J. D, 8Smadel, J. K, Adams, J. W, and Haymsker, W.: Fatal Herpes Simplex
Bueephalitia In Maa. Am. J. Path. 30: 429445, May 1944. (2) Whitman, L. Wall, M. J., ansd
Warren, J.: Herpes Simplex Encephalitia: A Report of Two Fatal Cases. J.AM.A, 131: 14081411,
24 Ang. 1046

! Randall, K.. and Mills, J. W.: Fatal Encephalitis in Man Due to the Venesuelaa Virus of Kqnlae
Enecephalomyelitis In Trinldad. Science 89: 225-226, March 1944.

¢ 8abln, A. B.: Epldemic Encepbalitis in Mllitary Personnel: Isolation nf Japanese B Virws on
Okinawa In 1948, Bervlogic NMagnosle, Clinles]l Manifestations, Epldemiclogic Aspecta and Use of
Monse Braln Vaccine, J.AM.A. 133: 281- 293, February 1947,
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TABLE 5—Admissions for encephalomyelitiz, other and undetermined,! in the U.S. Army, by
theater or area and year, 1042-43

[Preliminary data hased on sample tabulations of individual medical records]
[Rate expressed a¢ number per annum per 1,000 avernge strength|

14245 ” 1842 I 1943 : 1944 M5
Theater or area - . - !
Number | Ratell Number Rnu. Number | Rate | Nomber | Rate | Number | Rale
| 1 - —
Continental UniteG States_...... 122 0.01 H 17| 0 551001 30| 0.0l . 2! om
Overseas: ! 1] |
North America 8. 2000 ... 1] 1{0.01 1 0
Latin America o 1 | ¢o0 ...l 0 LI RN ) I RPN o
Europe _........ o 30, .0 2] .02 31 .m 510 .01
Mediterranean ¢ 2| .02 1| .04 7! 02 1) 02 ...l 0
Middle Eest...o.ceennnnens]ooianns 0 [ I P 0 - () |booooeooas 0
China-Burma Indis 5 .0 | o ... [ 5 [ - I T (]
Pacific Ocean Area._. . .cocoeifoiceenn .. [ I | D Jlecooooooco [ I 0 [eeememnee [
Southwest Pacific.. .-...... 32| .02 |i' ...... 0 2| .o 5.0 2 .02
J —
Totatoversess..........-.- w oo | 3|om | 0.0 | aio.0n 0/ 001
Total AfMY...coveennann. 20 | 0.00 w’o.ol oo'lo.m‘l 61 | 0.01 70] o.01
|

' Excludes postvaccinal encephalomyelitis and infectious encephalomyelitis.

# Inch sdmissions on ¢ ports for 1045,

¥ Includes Alasks and loeland.

* Includes North Africs.

Norz.—The strengths oo which the rates were based are mean strengths and will vary therefore from the official
strength reports ol The Adjutant General.

Absolute zero is indicated by sero in the units column; 0.0 indicates s rate of more than sero but less then 0.04 and
0.00 a rate of more than sero but Jess than 0.006,

and their domestic animals had been moved to the northern portion of the
island and crammed, under primitive conditions, into an area previously in-
habited by possibly from 20,000 to 40,000 persons. A. military foree o f approx-
imately 250,000 was in readiness for the forthcoming invasion of Japan. No
one could predict the incidence of this disease in this previously unexposed,
presumably fully susceptible, military population. Although antimosquito
measures were immediately intensified, it was also clear that this was a situation
which called for the utilization of the Japanese B encephalitis vaccine, which
had been developed and prepared in large amounts for just such an emergency.
However, the events which followed illustrated the practical difficulties that are
encountered in the administration of a large-scale vaccination program in the
face of a developing epidemic.

On 12 July 1945, within 2 days after the outbreak was recognized, the
preventive medicine officers on the island appealed by radio for enough vaccine
to inoculste the entire force. In view of the possible need of the vaccine for
combat troops scheduled for the imminent assault against the main islands of
Japan, this request was not quickly granted. By the end of July, when only
about 800 to 1,000 (predominantly military government officials in intimate
association with the native population) had been inoculated, the local command
was requested to use the vaccine only for combat troops under combat condi-
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tions.  In the menntime, almost all febrile cental nervous sysiem illnesses of
undetermined etiology were regarded ax instances of Japanese B encephalitis,
and a number of such eases began to ocenr among military personnel.  Aecord-
ingly, at a meeting of Army and Navy medieal authorities of the Island Com-
mand, the decision was reached to resnme viaccination, ineculnting troops
radially from known faci of infection. Since all cases of the disease among
the native and military populations ocenrred in the northern part of the island,
at least two-thirds of the total military force remained mvaecinnted. Vac-
cination proceeded irregularly, and it was not until 21 August thac all units
north of Ishikawa were ordered to be inoculated. Enough vaceine was ulti-
mately distributed for inoculation of abiont 77,000 men.

Between enrly July and mid-September, 38 military patients, exhibiting
a variety of clinical manifestations, were investigated by serologic methads for
evidence of infection with the virus of Japanese B encephalitis. Of these,
only 11 yielded unequivocal evidence of the specific infection ; all of these were
unvaeccinated and presented moderate to severe clinietl signs of cerebral involve-
ment. Two of the eleven died, and antopsy revealed diffuse cerebral lesions
compatible with a diagnosis of viral encephalitis, Of this group of 11 patients,
8 had onset of disease between 18 July and 11 August, 1 on 15 August, and 2
on 21 Angust. _Among the remnining 27 patients, there were only 2 who ex-
hibited complement-fixing antibodies for the Jupanese B virus. Like others
in this group, withont any serologic evidence of infection with the Japanese
B virns, these two patients presented only a mild, aseptic meningitis syndrome,
and since both had received vaccine shortly before they became ill, it is possi-
ble that the antibody response was caused by the vaccine rather than by infec-
tion. Tests carried out the following year on 24 American soldiers inoculated
with the same type of vaccine showed that 2 developed complement-fixing
antibodies of the same order of magmitude found in these 2 patients.”

Thus, it can be suid that only 11 military personnel were unequivocally
affected by the virus during the entire Okinnwa epidemic, and one naturally
wond.rs to what extent the antimosquito measures and the vaccination might
have been responsible for this low incidence. Since not a single case of the
disease developed among the more than two-thirds of the total force of ap-
proximately 250,000 men which occupied the southern portion of the island
and remained unvaccinated, it would appear that a susceptible military force
sufficiently removed from the native population and its domestic animals is
not endangered by this infection.

The serologically proved military cases acquired their infection in the
extreme northern portions of the island, where mosquito control was rendered
difficult by the mountainous terrain. It is significaut that in these same nreas
an outbreak of malaria dne to Ilasmodivum virar affected from 6,000 to 8,000
natives, as well as severnl hundred troops, during the same period as the en-

*Ginder, D. R., Matumoto, M., Schiesinger, R. W., and Sabla, A, B.: Neutrallsing and Comple-
ment-Fixing Antibodles for Japanese B Encephalllls Virus in Vacclaated U.S, Personnel In Jspan.
Proc. Koc. Exper. Rlol. & Med. 65: 130-140, May 1847,
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cephalitis was in progress.’® It is also of interest that while most of the mili-
tary wovernment people were vaccinated early, that is, before the end of July,
the only case of eucephalitis among them was in one person who had escaped
vaccination. Since the last civilian cases had their ousel very early in Septem-
ber (and infection probably at the end of August), it appeared that more than
one-half of the inoculated Americans probably received their vaccine after the
danger of infection had already passed. The risk of a completely susceptible
grou), although variable and unpredictable, was apparently not so great as
had been feared. An outbreak of Japanese B encephalitis which occurred in
Koren in 1946 among 1,500 unvaccinated Americans showed that under certain
conditions the incidence may be as high as 1 in 500.* If one assumnes that the
miilitary population risk on the northern portion of Okinawa in 1945 was about
77,000 (the number for which vaccine was issued), the 11 proved cases of the
disease yield an attack rate of only 1 in 7,000. Unfortunately, the experience
on Okinawa provided no basis for estimating the extent to which vaccinntion
might have been responsible for this low incidence.

Summer encephalitis among Americans in China in 1945.—A small
outbreak of encephalitis in Americans stationed in the region of Chih-chiang
and Chensi, China, occurred in July 1945.2 Eight patients with severe clinical
manifestations of encephalitis were admitted between 13 and 22 July. Two
of the eight patients died. In the same general locality and at about the same
time, an epizootic of encephalitis affected about 100 horses belonging to the
Chinese, with a case fatality rate of about 15 percent. The clinical manifesta-
tions in the human cases were identical with those in the serologically unequivo-
cal cases of Japanese B encephalitis which occurred on Okinawa at about the
same time. Although no serologic studies are on record for the cases in China,
it is highly probable that they might have been caused by the virus of Japanese
B encephalitis. Serologic stndies carried out in China in 1946 indicated that
inappnrent forms of infection with the virus of Jnpnnese B encephnlitis are
very common in the native population.”

Sporadic cases of encephalitis, possibly due to the Japanese B virus
in the Philippine Islands.—During a visit to the Philippines in Septeinber
1945, Col. Dwight M. Kuhns, MC, Commmanding Officer, 19th Medical General
Laboratory, called the nuthor’s attention to the fact that cases of encephalitis
had been occurring in U.S. Army personnel in various parts of Luzon. In
going over the clinical abstracts submitted to the laboratory by several general
hospitals, there was no difficulty in selecting at least 25 typical case histories
which clinieally were identical with those just studied on Okinawa. There

1 Medleul Bulletln No. 21, Ofice of the Surgeon, 1lleadqvarters, Army Rervice Command 1,
8 Oct. 1945,

" Sabln, A. B.. Schleslnger, R. W.. Ginder, D. R.. and Mntumoto, M. : Japanese B Encephalitis
In American Soldiers In Koren. Am. J. Hyg. 46: 356-375. November 1047,

12 Ennentlal Technical Medical Data. Nendguarters, U.8. Army Furces. CChina Thenter. for July
1043, dated 4 Sept. 1945,

12 8abin, A. B., Schlexinger, R. W, and Ginder. 1). R.: Cllalcally Apparent nnd Inapparent lnfee-
tion With Japaness B Encephalitls Vicus in Shanghal and Tleatsln, Proe. Roc. Exper. Biol. & Med.
63 183-187, June 1947,
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were either no fatalities nmong them or the fatal cases were reported as polio-
encephalitis. The cases had occurred in July and August 1945, and single
serum specimens were available on seven patients. However, positive tests for
complement-fixing or neutralizing antibodies, or both typex, were obtained on
all seven sera. Simultaneous tests on five other sera obtained from American
patients with other clinical conditions in the same hospitals in the Philippines
yielded negative results. Since no Japanese B encephalitis vaccine was used
in the Philippines, these results suggested the possibility that the virus of
Japanese B enccphalitis was alsc present in the Philippine Islands. Since
only a single specimen of serum was available on each patient, a conclusive
diagmosis conld not be made.'*  Subsequent sevologice studies in the Philippines
on normal Filipinos and patients with encephalitis, as well as on horses, cattle,
and goats, yielded furtlier evidence indicative of the presence of the Japanese B
encephalitis virus in the Philippine Islands?®

Postvaccinal encephalitis.—It is estimated that at least 10 million indi-
viduals were vaccinated against smallpox in the Army during 1942-45. The
medical historics of eight cases of postvaccinal encephalitis reported for
1942-45 *¢ were examined by this author. The diagnosis appeared doubtful in
four of these because the interval between vaccination and onset of nervous
symptoms wns either as short as 2 to 3 days or as long as 31 days. Two of the
four doubtful cases were fatal; the pathologic diagnosis in one was infective
polyneuronitis, nnd 1o specimens were submitted in the other. In the remmining
four cases, the history was compatible with the syndrome of postvaccinal
encephalitis, the intervals between vaccination and onset of nervous symptoms
being 7, 10, 10, and 17 days, respectively. One of this group of four patients
died within 24 hours after onset, and detailed post mortem studies were carried
out.’’ Although only perivascular infiltration was present without demyelini-
zation, the pathologic changes in the nervous system were not incompatible
with the dingnosis of postvaccinal encephalitis. Of the three surviving
patients, one recovered completely, one had some residual loss of vision, and
one was said to have recovered only partially. Subsequently, the Medical
Statistics Division, Office of The Surgeon General, U.S. Army, listed 17
admissions for postvaccinal encephalitis or encephalomyelitis in the total Army
for the period of 194445 (table 6), but this author did not have an opportunity
to study the records of these cases.

s Latter, Lt. Col, A. B, 8abin, MC, to I’reventive Medicine Rervice, Office of the Surgeon General,
atin; Brig. Gen. 8. Bayne-Jones, 18 Jan. 1946, subject: Positive Berological Tests for Japanese B
Eucephalitln Virun With Sera From Cases of Encephalitis In Nllitary Personnel in the Philippines
(July-August 1045).

15 Balafranca, E. 8., and Esplritu, L.: Report on the Presence of Japanese B Encephalltis Neu-
trallzsing Antlbody Ameng Filipinos and Certaln Philippine Anlmala. Am. J. Trop. Med. 29: 219227,
March 1949,

# Letter, Lt. Col. A. I, Long, MC, Chlef, Infectloua Diseane Control Branch, Ofice of the Surgeon
General, to Dr. W. G. Workman, Divislon of Blologics Control, National Institute of Heslth, U.8.
Publle Health Service, Bethesda, Md., 28 May 1047,

1T Report, A. B. Sabln, M.D., to the Commission on Neurotropic Virua Diseases, Army Epldeml.
ological Board, 27 Apr. 1942, subject: Case of Postvaccinal Encephalitis In a Soldler at Fort Tbomas,
Ky.

716-7317- 64— 4



18 COMMUNICABLE DISEASES

TABLE 6.—.{dmissiona for postraccinal encephalitin (including postraccinal encephalomyelitis)
in the U8, Army, by theater or area and year, 1942-45

{Preliminary data based on sample tabulations of individual medical records)
[Rate expressed as number per annum per 1,000 average strength}

194445 4 M8
Theater or area | _
Number Rate Number Rate Number Rute
Continental United States_ __ __ . ___._. | 1] 0.00 1000 ... 0. 00
] i
Overseas: ' :
Mediterranean’_____. ... .. ... 57000 . _._..]0 51 0.0
Pacific Ocean Arca__ ... ... .. . G000} 6! .01 .. .. 0
Southwest Pacific__.._ ... . ... 50,00 ORI I (] 5] 0.00
Other theaters___. .. ____ . __ . ___. = ____. | [ L 0 DU Y |
SRS S RS PO
Total overseax____ _____.__... 16 ‘ 0, 00 6] 000 10| 000
{ h O o ez Tz
Total Army__ ... . .. ! 17 ‘ 0.00 710,00 0] 000

i Includes North Africa.

KNorx.—The strengths on which the rates were based are mean strengths and will vary therefore from the official
strength reports of The Adjutant (ieneral.

Absoiure tero it indicated by zero in the units colunin; 0.0 indicates a rute of more than serc but less than 0.05 and
0.00 a rate of more than gero but less than 0.005.

Research Under Army Auspices

Extensive investigations were carried out during the war years on the
epidemiology of the arthropodborne virns encephalitides and on the develop-
ment and evalnation of vaccines for human use. The work of Hammon and
Reeves at the George Williams Hooper Foundation of the University of Cali-
fornin on western equine and St. Louis encephalitis established the importance
of various mammalian, avian, and insect hosts in the natural history of these
viruses and incriminated Cuwlex tarsalis, and probably also Culex pipiens, as
the most important mosquito vectors during epidemics and epizootics of these
disenses.’* The same investigators also demonstrated the ability of seven spe-
cies (three genera) of California mosquitoes to transmit the virus of Japanese
B encephalitis under experimental conditions. The first American field in-
vestigations on Japanese B encephalitis on Okinawa in 1945 also brought to
light the importance of various mammalian domestic animals in the natural

1 1lammon, W. MeD., and Reeven, W. C.: Recent Advances in the Epldemlology of the Arthropod-
borne Virus Encephalltides: Including Certain Exotic Typen. Am. J. Pub. Health 35: 984-1004,
October 1945.

1 Reeves, W. C., and Hammon, W, McD.: Laboratory Tra lsaion of Jar e B Encephilltis
Virus by Seven Bpeciea (Three Genera) of North American Mosquitoes, J, Exper, Med. 83: 185-194,
March 1946,
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history of this virus und suggested that domestic fowl probably were uot nupli-
cated in the infection chain.?

Although large-scale vaccination of horses agninst both eastern and west-
eru equine encephulitis had been used snecessfully in the United States since
1935, human vaccination agninst these virus infections had been practiced on
a limited scale before 1942, chiefly among laboratory workers. Following the
first extensive epidemic of western equine encephalitis in 1941 in Northwestern
United States and in Canada, approximately 3,000 Canadian farmers were
vaccinated in 1942 with formalized chick embryo vaccine prepared by the
Lederle Company. Through the cooperation of Drs. F. W. Jackson and C. R.
Donovan of the Province of Manitoba, members of the Commission on Neuro-
tropic Virus Diseases of the Army Epidemiological Bonnl were enubled to
determine the incidence, speed, and persistence of the antibody response.
Tests 2 for neutralizing antibody indicated that while a single dose of 1 cec.
of the vaccine nsed was effective in stimuluting u significant antibody respouse
in 7 percent (of 30 persons) at the end of 1 week and in 70 percent (of 13 per-
sons) at the end of 2 weeks, two doses of 1 ce., 1 week apart, produced n 100~
percent response in 17 persons at the end of 2 weeks, which persisted for 4
months in 81 percent of 16 persons tested. Seven of the persons who were
positive at 4 months were still positive at the end of 1 year in tests performed by
Olitsky, Morgan, amd Schlesinger.?  Complement fixation tests carried ont by
Dr. J. Casals * on the 2-week, 4-month, and 1-year specimens of the same seven
persons were, however, all negative. During an outbrenk of western equine
encephalitis in Kern County, Calif., in 1943, Ward * vaccinated 280 of a gronp
of 575 Mexican agricultural workers, but no cases of the disease developed in
either the vaccinated or the unvaceinuted group.

The design of research on vaccines for St. Louis and Japanese B encepha-
litis was influenced by the fact that they would be used in the face of epidemics
which run their course in a few weeks. Accordingly, it was necessary that the
vaccines be capable of conferring protection rupidly, that is within at lenst 1
week rather than after a series of many doses over a period of many weeks, and
that they shonld retain the desired potency after storage for long periods of
time. These objectives were achieved, at jeast so far as it was possible to

® (1) Fee footnole B. p. 13. (2) Aa the result of extensive inventlgatloma of the ecology of
Japunese encephalltls In Japan, conducted during the perlod 193339, Scherer and Ruescher came to
the concluslon that the primary. If not the mole, moequito vecto? was Cules trilacnierAynchus, and
that In the virus-cycle multlple hoats were Involved—*the wild arvlaa and porcine amplifylag hosta”
In additlon to man. Ree Scherer, W. F., Buencher, E, L., et al, ; (series of nlne papres) Am. J. Trop.
Med. & Hyg. 8 : 645-722, November 1039,

n Reports, A. B, Babln and R. Ward, to Comminsfon on Nearotrople Virua Discaner. Army Eptdetal-
ological Board. dated 1 Aug. 1942 and 4 Apr. 1943, snbject: Kesnlta of Neutralization Tests Before
and After Vaccinatlon of Human Belngs (Canada) With Weatern Equine Encephalomyelitls Chick
Embryo Vaccine (Lederle).

2 Prelimlnary Report, P. K. Olltsky, I. M. Morgan, and R, W, Schlesinger, to the Commission on
Neurotropic Virus Diseases. Army Fpidemlological Board, 21 June 1943, aubject: Follow-np Study of
the 1942 Canadian Vaccination Serlen.

1 See foutnote 22.

» Reporta, Robert Ward, M.D,, to Commission on Neurotroplc Virua Diseases, Army Epldemiolagical
Board, 5 Aug. 1843 aud 23 Jan. 1944, subject: Vaccination of Mexlcan Agriculture Workers Agalnat
Western Bquine Encephalomyelllla In Kern County, Callf,
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determine in tests on mice nnder detined, experimental conditions.®  Success
depended on 1he selection of (1) the best strnin of virus, (2) the host in which
maximal propagation was obtained, (3) the most suitable procedure of destroy-
ing infectivity of the virus withont loss of antigenicity, and (4) the most suit-
able procedure for assaying antigenic potency. It also depended on the
discovery that preservation of antigenic potency on storage could be achieved
either by special concentrations of formalin or by Iyophilization nnder defined
conditions.

Althongh 1t proved possible to produce resistance in mice within 1 week
by two doses of vaccine, many of the mice had no neutralizing antibody at
this stage, and tests on human volunteers indicated that antibody did not
appear before 2 weeks after inoculation.*® Nevertheless, the assay method,
which was finally selected for the Japanese B encephalitis vaccines, produced
on a large scale for nse by the Army, measured the minimal amount of vaccine
which was capable of protecting mice within 1 week after the first inoculation.
Although satisfactory lyophilized vaccines could be prepared when the work
wns done on a small laboratory scale, pilot tests by Sharp & Dohme, Inc., by
the methnds employed commercinlly in 1943, yielded products which were
Inrgely denatnred and practically without antigenic potency. Accordingly,
the Japanese B encephalitis vaccine which was finally prepared on a large
scale for the Armed Forces consisted of 10 percent uncentrifuged mouse brain
suspension in physiologic salt solution in which the virus was inactivated
by 0.2 percent formalin at 2° to 5° C., the final product being stored and
thipped in the fluid state in the cold. Preliminary tests of such a vaccine,
possessing on mouse assay a 50-percent immunogenic dose of 0.0055 cc., admin-
istered in 2 doses, 2 cc, each, 3 days apart, to the personnel of the commercial
Iaboratories engaged in the large-scale production of this vaccine, indicated
that, at 2 weeks after inoculation, 52 percent of 25 persons, aged from 18 to
35 years, developed significant titers of neutralizing antibody?” This pro-
vided the basis for the manner in which the vaccine was subsequently used
on a large scale in military personnel on Okinawa *

SUMMARY AND EVALUATION OF EXPERIENCE

The terms “encephalitis” and ‘“encephalomyelitis” were used without
qualitication for a variety of nnrelated clinical and epidemiologic entities,
and no reliable statistics are available on the relative incidence of the various

Sxabin, A B, Imfly, . E. Warren, J., Ward, R. Peck. J. L. Jr. and Ruchman. 1.: The
Kt, 1ouln and Japanewe B Types of Epidemic Encephalilla: Development of Noninfective Vacelnes:
Report of Baste Nuta. S AMA. 122 4T7-4R4, June 1042,

#gabin. A. B, and Iy, C. F.: Astlbody Renponse of IInman Beingn to Centrituged, Lyophilized
Japancse B Encrphalitla Vaceine. Proc. Boc, Exper. Blol. & Med. 65: 123-126, May 1947,

7 dabin, A. B.; Antibody Rewpnnme of People «f Different Ages to Two Dases of Uscentrifuged,
Japanese B Eacephalltis Vaccine, Proc. S8oc. Exper. Bl & Med. 65: 127-130, May 1047.

® (1) Ree fintnote R, p. 13.  (2) For an oficial description and discussion of the Japancse B
smcephalitia vaerlne see Long. Ar(bor I°.: The Army Tnununlaation Program. 7In Medical Department,
Usited Btates Army. Preventive Medicine In World War I1.  Volume 111, Personal Health Mesaures
and Immanization. Washlagton: U.R. Government Printing Office, 1935, pp. 327-331.
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forms. An examination of large nmmbers of clinicul records suggests, however,
thut the vast majorvity of the “hundreds™ of cases of encephalitis reported
between 1940 and 1945, chiefly in the United States, were instunces of toxic
encephalopnthy associated with vavions bacterinl infections or ocenrred in
nssociation with mumps, measles, German measles, or chickenpox.  Althongh
a group of 12 cases of mild encephalitis of unidentitied etiology, but possibly
due to an arthropodborne virns, occurred during mauenvers in Texas in 1941,
no other epidemic of viral encephalitis occurred among the Armed Forces
in the Uuited States. The only identified outbreak of encephalitis occurred
on Okinawn in 1945, where 11 uneqnivocal cuses of Japanese B encephalitis
were confirmed by laboratory methods, although w total of 38 cases with
various clinical manifestations referable to the nervous system were investi-
guted. Siinilar small outbreaks of encephalitis occurred in 1945 among Amer-
icau forces in Chinn and in the Philippine Islands, and although they were
either not investigated or incompletely studied by laboratory methods the
possibility exists that these were also duo to the virus of Japanese 13 encet.ha-
litis.

The lessons learned on Okinawa regarding the potential threat to a mili-
tary force of an epidemic of encephalitis due to the Japanese I3 encephalitis
virus were as follows:

1. The incidence of the disease nmong susceptible military personnel
located close to a foeus of infection is ipredictable but can be very small.

2. The disease did not occur among military personnel stationed at a
distance of many wiles from the native popnlation and their domestic animals.

3. Vaccination of a large force in the field is so time consuming a tusk
that one nmy expect. to gain very little from it when it is started once an
epidemiv is well established.

4. The pressure of moral and other considerations is so great during an
epidemic, whose ultimate course is unpredictable, that when a vaceine of
potential though unproved valne is available, it is good policy to be prepared
to use it intelligentiy.

Research carried out under the anspices of the Preventive Medicine Nerv-
ice dnring World War IT led to a better nnderstanding, althongh only partinl
elucidation, of the natnral history of the arthropodborne viral encephalitides
and to the development of vaeeines for Jupanese B and St. Lonis enceplulitis
snitable for field trinl in cnse of need.



CHAPTER 111

Bartonellosis

Marshall Hertig, Ph. D.

Bartonellosis is a specific infectious disease, at times fatal, caused by
Bartonella bacilliformis and transmitted by the bite of Phlebotomus. The dis-
easo is limited to certain parts of Peru, Ecuador, and Colombia. The disease
was not & military problem in World War II. American troops stationed in
Peru (Tzalara) and Ecuador (Salinas) were outside the endemic areas. How-
ever, since some of the experimental work on protective measures and control
of sandflies and sandflyborne diseases was done in the Peruvian verruga zone,
an account of the disease and its setting may be appropriately included in this
history.

HISTORICAL NOTE

Bartonellosis sprung inte prominence in the 1870’s when the railroad from
Lima to Oroya was being built.! After the construction reached elevations
above 1,000 meters and 45 or 50 kilometers inland from Lima, there were a great
many fatal cases of what was apparently a new disease. Of some 7,000 deaths
among the workmen, from all causes, the majority were thought to be from
the new disease, which received its nane, Oroya fever, from the railroad's
projected terminus. There began a controversy in medical circles as to whether
or nol Oroya fever had any relation to the well-known verruga, a relatively
mild eruptive disease endemic in the snme region. The name Carrién’s disease,
applied to both types, was derived from the classic experiment of Carrién, a
medical student, who in 1885 inoculated himself from an eruptive case and died
appurently with the anemic form of the disease. The controversy was finally
settled only with the cultivation of the etiologic agent by Noguchi and
Battistini,® in 1926, which provided the clinching evidence that the two chief
clinical syndromes, which differ so remarkably, are actually manifestations of
one and the same disease.

ANEMIC AND ERUPTIVE FORMS OF BARTONFLLOSIS

Symptomatology

The anemic form of the disease (Oroya fever) has an incubation period of
about 3 weeks. The onset, with irregular faver and general malaise, is followed

1 For a hislorical summary sce Hertlgz, M. : Phlebot, and Carrién’s DI Am. J. Trop. Med.
22 (Suppl.) : 1-80, July 1942,

* Noguchl, H.. and Battlatinl, T. 8.: Etioloxy of Oroya Fever. 1. Cultivstlon of Bartonclls
becilliformis, J. Exper. Med. 43: 831--864, June 1928,
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by a rapidly developing profound aneniia, accompanied at times by pains in
bones and joints.> The mortality of this form of the disense varies from 20 to
70 percent. During the anemic phase, the minute rodlike, coccoid, and fila-
mentons forms of B, bacilliformis may be found, often in great numbers, in or
on the red cells. If the patient survives, there usually follows, after a variable
interval, the typical eruption.

The eruptive form (verruga peruana) usually has no niarked anemic phase.
This benign type of the disense includes by far the largest proportion of the
total number of infections. The incubation period is variable and may be us
much as a month or two. The onset is characterized by bone and joint pains,
irregnlar fever, and malaise. Sooner or Iater, at times after months, during
which there may have been remission of the symptoms, the eruption appears,
with or without the initial syi.iptoms. The eruption takes the form of
hemangioma-like nodules, commonly from 2 to 3 mm. in diameter but varying
from minute points te raised nodules of 10 or 20 mmn. in diameter, which give the
disease its name, verruga (Spanish for wart). The nodules &re distributed
chiefly on the extremities and face and vary in number from few to thousands.
They are not painful. The eruption nsually lasts 1 moenth or twa and finally
heals without leaving scars.

Proportion of Severe Anemic to Eruptive Cases

The evidence is rather unsatisfactory as to the proportion of total infec-
tions which develop the severe anemia. It appears that it may vary in different
places and at different times. In any case, the anemic form has been rare
among natives of the verrugn zone in Pern in recent years. Most of the anemic
cases have been in adults, who, without nrevious exposure to the disease, were
engaged in construction work, exploration, or guard duty. During the early
history of the disease in Peru, the proportion of severe anemia and the mortality
must have been very high, to judge from the great number of fatal cases that
occurred during the railroad construction and from the separate accounts of
10 to 75 percent of the specific groups dying from the disease,* (The mortality
in the Colombian epideniic (see p. 27) was als .y high.) However, during
the author’s stay in Peru, 193742, the proporticn of anemic cases was distinctly
low. The author was able to follow more or less closely the fate of guards
stationed at railroad bridges in the Rimac Valley verruga zone during the war.?
About three-fourths of the nonimmune persons contracted the disease during
a 1-month tour of duty. When the tour was extended, about nine-tenths ac-
quired the infection within 4 months. About 150 men, immune and nonimmune,
were involved, with about 100 cases among them, only 4 of which were fatal.
During this same period before any control method was known, there were

SFor & clinical account, see Sirong, Richbard I.: 8titl's Diagnosls, Prevention and Treatment of
Troplcal Direases. 7th editlon. Philadeiphia : The Blakistou Co., 1944, vol. 11, pp. 997-1014.

4 8ee footnote 3.

* Howe, C., and Hertig, M.: Prophylactlc Immunization Agalnst Carridn’s Disesse. J. lmmunol.
47: 471482, December 1043,
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several large construction projects with many workmen, but there were only
scattered cases of the severe anemic forni,

Vaccination

A detachment of 22 nonimmune bridge guards, not included in the afore-
mentioned totals, was inoculated with formalized suspension of B. bacilliformis.®
While slightly over one-half the guards became infected during the T months
they were under observation, the clinical course was remarkably mild. It was
concluded that vaccination might be of value in ameliorating the course of this
potentially serious disease.

Therapy

There is no specific therapy. In a recent visit to Peru, the author was
informed that results with the newer antibiotics were conflicting. In the treat-
ment of the severe anemic cases, massive blood transfusions have at times
been valuable.”

Immunity

The immunity from a single attack is considerable but not solid. Repeated
attacks are known but usually run a mild clinical course. Natives of the verruga
zone usually acquire the disease as mild childhood infections and in general
do not regard the disease seriously. In certain surveys, about 10 percent of the
local population have been shown to harbor B. bacilliformis, with or without
a previous history of the disease.®

Etiology

B. bacilliformis, of uncertain systematic position, is probably related to the
bacteria. It isa minute, gram-negative micro-organism comparable in size and
general appearance to the rickettsiae, with rodlike, coccoid, and filamentous
forms. 1t is cultivable in Noguchi’s semisolid medium and its later modifica-
tions. Subcultures, but not primary isolations, are successful on ordinary blood
agar. The organism is at times motile by means of a terminal tuft of flagella.
Bartonellza may usually be recovered in culture from the blood at any stage of
any clinical form of the disease and also from the nodules.

EXPERIMENTAL INFECTIONS

Monkeys are the only animals known which can be readily infected.
Intradermal injections of cultures or tissue from nodules give rise to typical
nodules at the sites of inoculation, which, however, is ordinarily not the case
with Bartonella from other sources, for reasons not understood. The inocula-

s See footnote 5, p. 24.

7 Hodgeon, C. H.: The Treatment of Carrién’s Disease With Large Tranafusions. Am. J. Trop.
Med. 27: 69-72, January 1947,

"Welnman, D., and Plnkerton, H.: Carrlén’s Disease. IV. Natural Sources of Bertenella In
the Endemic Zone. Proc. 8oc. Exper. Blol. & Med. 17 : 396-598, December 1937.
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tion of blood or tissies from an anemic patient, or suspensions of sandflies, or
infective bites of sandflies, produce infection in Rhesus monkeys, which is
demonstrable by blood culture but without any external sign. The anemic form
of the disease is extremely rare in experimental infections. A single specimen
of field mouse has been found naturally infected, but attempts to infect this
specimen and other rodents in the laboratory failed.®

TRANSMISSION

For many years, it was thought that the disease came from drinking water
of the endemic area, but with the realization about 1909 that the disease was
contracted only at night, attention was immediately directed to insects as
vectors. Townsend, in 1913, first discovered the presence of Phlebotomus in
Peru and showed that the distribution of PAlchotomus verrucarum <was corre-
lated with that of the disease® Noguchi® and his associates showed that
sandflies of the verruga zone harbored the etiologic agent. The author ** was
able to transmit the infection to Rhesus monkeys by the bites of wild-caught
P. verrucarum.

P. ¢errucarum is the principal and perhaps the sole vector. Only one other
species, Phlebotomus noguchi, is found throughout the verruga zone, and it
does not feed on man. Phlebotomus peruensis is limited to the upper half
of the verruga zone, and Warileya phlebotomanica, a close relative of
Phlebotomus, is rare.

There are still a number of unsolved phases of the transmission problem.
The source of the sandfly infection is unknown. From the readiness with which
the infection may be acquired in certain areas which are all but uninhabited
the reservoir is probably other than man. There has been nientioned the
instance of a naturally infected field mouse, but the failure to infect this and
other animals leaves the question open. No cycle of development of Bartonella
in the sandfly has been demonstrated. Certain massive infections of the tip of
the proboscis with various micro-organisms of unknown origin may eventually
be shown to have some bearing on the source of the Bartonella infection. The
great majority of the proboscis infections are caused by a cultivable, unidentified
micro-organism, but B. bacilliformis has been isolated twice in cultures from
such infected proboscides,

It may be remarked that in the Peruvian verrugn zone cutaneous leish-
maniasis also occurs, but its distribution by no means coincides with that of
bartonellosis. It is limited to the upper part of the verruga zone, though
it also occurs in other parts of Peru where there is neither verruga nor P.
verrucarum, but where there are other species of Phlebotomus.

* See footnote 1, p. 23.

 Ree footnote 1, p. 23,

11 Nogueh!, H., Bhannon, R. C,, Tilden, E. B., and Tyler, J. R.: Etislogy of Oroya Fever, X1V.
The Insect Vectors of Carrién’s Disease. J. Exper. Med. 40 :893-1108, June 1929.

M Ree footnote 1, p. 23.

11 8p¢ footnote 1, p. 23.
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The life history of /% verrucarun is essentially similar to that of Z’hledot-
omus papatasii, described in chapter IX, p. 113, DBreeding is continuous
thronghout the year and thrre is no dinpanse.  (Bartonellosis is likewise con-
tracted nt nuy time of the year.) Breeding plices are chiefly in rock crevices
and under bonlders or stone wanlls. The vegetation of the verrmga zme is
scanty, and there arve few large trees, Dinrnal shelters include the breeding
places, together with enves and houses, which the sandflies enter freely. They
are active from dusk to carly morning, nnd only rarely do they bite by day.

The noctnrnal habit of the sandfly hns been taken advantage of in one
very effective method of preventing the disense which las been practiced
for 40 yenrs by the Central Railrand of Pern.  Coustruction crews are removed
in special work-trains every aftevnoon to a town below the verruga zane and
taken back in the morning.

DISTRIBUTION

In Peru, the disease is limited chiefly to the Pncilic siope of the Andes
between G° north and 13° sonth nnd at altitndes between 800 nund 3,000 meters
above sea level.  The most inteuse foei nud those which have been best stidied
are in the valley of the Rinme River and its trilmtary, the Santn Eulalia, and
in the Callejon de IInaylas, a portion of the vulley of the Santa River in the
Department of Ancash. . verrucarm is foond thronghout the Pernvian ver-
ruga zones, ns8 far as studies have gone, and hias not been fonnd elsewhere in
Peru or in other countries.

In Ecuador, bartonellosis has been reported from the Provinces of Loja
and Oro. This author ** cultivated 2. hacilliformis from a blood specimen
sent to Lima from the latter Province. There is very little recorded informa-
tion about the incidence of the disease in Eenador and none whatever about
Phlcbotomus in the endemnie region.

Early in 1936, in Colombia in the Department of Narifio near the Ecnn-
dorian border, an epidemic broke ont which caused an estimated 4,000 deaths in
a district with a popnlation of 100,000, The disease was finally diagnosed as
bartonellosis.’® The severe aneniic form apparently predominated. It was
thought to be a newly introdnced disease. The author visited this region in
1045.'¢ By that time, the epidemic had apparently died out completely in
those places where it had first appeared. The only known focus, which un-
fortunately could not be visited, was represented by a very few cases at the
northern edge of the area which the disease had reached. Three years pre-
viously, sandflies, mostly Phlchotomus colombianus (a species very closely
related to P. verrucarum), had been very abundant in several towns, as wit-
nesed by collections, examined by this author, which had been made by Colom-
bian investigators. In 1945, the author, in company with Colombians who had

4 Hertig, M.: Cultiva de In Bartenelle bacilliformis de un caso de verruga en El Ecuador. Bol.
Ofic. fan. Panamer. 19 : T56-738, August 1940.

¥ Patifio, C. L.: Un nuevo foco de bartonellosia en América. Bol. Ofic. 8an 1"avamer. 18:
308-313, 1939.

18 Annual Report of The Gorgaa Memorlal Laboratory, 1943.
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CHAPTER IV

Dengue

Oliver R. McCoy, M.D., and Albert B. Sabin, M.D.

Part I. Epidemiologic Considerations

Oliver R. McCoy, M.D.

Althongh dengue is a nonfatal disease and seldom lasts more than 5 to 7
days, it sometimes assumed considerable military importance in World War
11 because of its tendency to occur in epidemics which resulted in the sudden
incapacitation of large numbers of men. This was particularly true when
nonimmune forces occupied territory in an endemic area where control of the
mosquito vector had become lax and protective measures for personnel were
not enforced. Conditions during and immedistely following combat fre-
quently favored mosquito breeding and the spread of dengue. The disease was
a hazard throughout the war in practically all areas of the Pacific and Asiatic
theaters.

The incidence of dengue in the U.S. Army during World War II, accord-
ing to theaters of operations, is shown in table 7. A few acattered cases were
reported in the European, Latin American, Mediterranean, and Africa-
Middle East theaters, and also in the continental United States. Although
dengue is known to occur in these regions, the question may be raised as to the
validity of the diagnosis in isolated cases because of the lack of means for
specific diagnosis. On the other hand, failure to recognize dengue and dif-
ficulty in diagnosis may have resulted in the reporting of cases as ‘ever of
undetermined origin. In the absence of an epidemic, this was undoubtedly true
even in theaters where the disease was prevalent.

The epidemic characteristics of dengue are well illustrated in the curve
of reported incidence, by months for the years 1942 through 1945, in the U.S.
Army overseas (chart 1). Although seasonal factors are influentisl to a certain
extent, the peak rates are due chiefly to sharp outbreaks which occurred under
specially favoring circumstances in fairly localized areas. It is notable that
the dengue rate remained low throughout the year 1945 even though large
numbers of men, including nonimmune reinforcements, continued military
operations in endemic areas. This may be explained by the fact that efficiency
in moequito control was vastly improved during the last year of the war.

2
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TABLE 7.—Incidence of dengue in the U.S. Army, by theater and year, 1942-45

[Preliminary data based on sample tabulations of individual medical records)]
[Rate expressed as number of cases per annum per 1,000 average strength)

194245 1942 143 1944 } 143
Theater or ares !

Number | Rate || Number | Rate | Numbor | Rate | Number M!Numher|lhte

| t
0.0 ¢]|0.00 2 | 0.00 19 | 0.00 2s| 0.01
0.02 TR X 1 A ] 35 | o.02 55| 0.03
.23 1] .04 8| .8 23] .3 6] .15
.26 1| a7 H| .48 0 2| ... 0.00
18.37 || 3|83 w2z 3, 240 [31.08 L905 | a7
Southwest P'acific.._____.__ 5.903 3210 | 4,228 50.32( 64m|nnm| ma|s247| n,w0|18:n
Central and South Pacific. | 29,941 20.79 |! 19| 13| 1160 (396 16 443 37.48 1,80 3%

North America'. . ______.. 3 o1 |........|e 3] o2l [ 0

Latin America.. . Mo .04 120 | 1.18 w]| .a €| % 2| .42
Transports. ... ... % ... i 2]...... 0| ... 828 ... 106 |......
E— — -
Total overseas?...._._.._.| 90,788 | 8.61 || 4.«2'7,5& 19,35 {1044 | 81,104 13.38 | 15835 | 3.58
Totel Army_ .....o.o.o.n. 0,60 230 444|137 193w |28 | s,12] 6] 1500 215

! |

1 Includes North Africa.
t Includes Alaska and Iceland.
3 Includes rate for t ports.

Norx.—The use of 0.00 indicates a rate of less than 0.008,

CHART 1.—Incidence ratcs for dengue in the U.8. Army oterseas, by monik and year,
January 1942 to Decembor 1945

[(Rate exp d as ber of adminsl per annun per 1,000 average strength)
RATE RATE
40 40
30 30
20 20
10 10
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VECTORS

Before the war, Aedes aegypti and Aedes albopictus were the only proved
vectors of dengue. Since A. aegypti had practically universal distribution in
the Tropics, it was generally accepted as the probable vector in regions where
the epidemiology of the disease had not been studied. However, A. albopictus
was known to be an efficient vector in the Philippines, Formosa, and Sumatra,!
and proved to be an important vector in the outbreak of dengue which ocenrred
in Hawaii in 19432 There, A. albopictus was found not only in populated
areas, in places typically chosen by A. aegypti (tin cans, flower pots, bottles,
tires, tanks, and the like), but also in forested regions as high as 2,000 feet
above sea level, where it was found breading in tree lioles and in water collec-
tions at the bases of plant leaves. A. albopictus also was abundant during
the dengue epidemic which occurred on Saipan in August and September 1944.

During an outbreak of dengue in the New Hebrides early in 1943, Aedes
scutellaris hebridens Edwards was snspected as a vector,! .. scutellaris (prob-
ably in the form of the typical subspecies) also was suspected to be a main
vector of dengue in New Gninea, since /. aegypt: was rare or absent in areas
where the disease was prevalent.® The suitability of A. scutellaris as a vector
of dengue was proved by Australian workers. In these experiments, specimens
of this and three other local species were allowed to feed on dengue pa-
tients in the Finschhafen area of New Guinen. The mosquitoes were then
shipped by air to Sydney, Australia, which is outside the dengue zone, and
there were fed on volunteers who had never been in a dengue area. Typical
cases of the disease occurred in three men on whom A. scutellaris were fed,
but not in those bitten by specimnens of the other three species, Aedes aure-
margo, Armigeres breinli, and Armigeres milnensis.

A. scutellaris, in common with most of the members of the subgenus
Stegomyia (that is, A. aegypti and A. albopictus), breeds almost exclusively
in what are known as artificial water containers (as opposed to ground pools).
In New Guinea, the larvae were found in & wide variety of such places, includ-
ing tree holes, rot holes in fallen logs, tin cans, metal and wooden barrels,
and coconut hulls. They were taken usually in fairly clear water or in water
containing leaves and some decaying organic matter, but not in the fermenting
liquid in coconut shells from which the meat had not been removed. Also,
they were not found in the leaf axils of water-holding plants aad rarely in
fallen leaves or palm braets, which are favorite sites for certain other species
with more specialized breeding habits.

1 Strong, Richard P.: 8titt's Diagnosis, Preventlon and Treatment of Tropical Diseases. Tth
edition. Phlladelphia: The Blakiston Co., 1043, vol. 11, p. 908,

S Usinger, R. L.: Entomological Phases of the Recent Dengue Epldemic In Honolulu. Pub. Heallk
Rep. 09: 423430, 81 Mar. 1944,

sLetter, 217th Medical Composlte Unlt (Malaria Survey). to Surgeon, Army Gronnd Forces,
5 Jan. 1943, subjeet : Mosqulto Snrvey of Salpan.

tDaggy. R. H.: Aedes scutellariz hedridens Edwardn, A Probable Vector of Dengue In the MNew
Hebridea, War Med. 5: 292-203, May 1944,

$King, W. V.: Notes on the Veetors of Dengue In New Gulnea. ([Professional paper.]
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The adults of A. scutellurix appeared to be alinost exelusively dnytime
feeders, Imt. were chiefly netive only under conditions of high hmmidity. They
were anmoying in quarters, latrines, nnd showers principally during the early
morning and Ilate afterncon, but nlso were more or loss netive thronghont the
day during rainy periods or in dense shade in the jungle. In Hawnii, it was
shown that A. albopictus wns a persistent biter during the duy but. did not
bite at night.

EPIDEMICS AND CONTROL MEASURES

Australia.--An extensive epidemic of dengue ocenrred among U.S. Army
troops stationed in Northern Territory nud Queenslund in March, April, and
Muy, 1942, Approximmtely 80 percent of nll UL.S, personuel in this nrea were
attacked within n period of about 3 months. FEpidemics also ocenrred among
U.N, troops in the following yenr in Junuary, Febrinry, nnd March—one at
Rockbampton snd one in the Brishane sren.?  The peak of the epidemic at
Rockhnmpton was renched during the week ending on ¢ February 1943 when
04 pntients were bospitnlized. A totl of 43 enses acenmered among U.S. mili-
tary personnel in the vicinity from Jaunary through March. .\ survey of Rock-
linmpton during this period showed that 80 percent of more than 6,000 dwellings
examined were breeding dengue-enrrving wosquitoes® Labor furnished for
mosquito control work by the 1.8, Army varied from 15 to 55 men; oil was
supplied by the Rockhnmpton City Council. The city council was asked to
assume responsibility for mosquito control, becanse it. was necessary to use the
soldiers for military duties, but. only four civilinns were employed in June
1943, The vector in Anstralia was A, acgypti.

New Hebrides.—.\n epidemic of dengue began at. Espfritu Santo early in
February 1943, reached its peak in April, and ended in Angust. During this
periad, approxinmtely 25 percent. of the base strength, or over 5,000 military
personnel, were affected.® The Army rates per 1,000 per aunnm ave shown in
table 8. For several months hefore the onset of the dengue epidemic, there
had been widespread dumping of tin cans over the base without regard to sani-
tary regulations. This had resulted in heavy breeding of A. acgypti and A.
acutellaris hebrideus, In February 1943, the malaria control mnit at the base
prepared a directive which listed the varions breeding places of Aedes mosqui-
toes and the control measures to be employed. The epidemic continued into
June with only slight abatement. A complete mosquito survey was then made
of all camp areas, including territory within a radius of 500 yards from the
camp. All tin ean dumps amd collections of water in stored tires, oil drums,

¢ 1eller, Chief Rurgeon, lieadquariers, 1.8, Army Rervices of Rupply, Southwest Pacific Ares, 1o
The Surgeon Genersl, 13 Dec. 1942, subjecl : Mndical Rervice In Australia. [aclosure therelo.

? Quarterly Report, Rase Surgeon, Headquarters Rase feclion Thres, U.8. Army Services of Supply,
dated 13 Nov, 1943, for perind 1 July-30 Bept. 1943,

S Quarterly Repor), Burgeon, Hesdyuariers 1 Corps, U.S. Army, dated 22 June 1943, for period
1 January-31 March 1943,

® Malaria News Lrller No. 3, Headquariers Malaria ard Fpldemic Conlrol, Roulh Paclfie Avea.
Seplember 1943,
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Hawaii.- -In 1943, dengue made its appearance in epidemic form in Hono-
lalu, T.IL. nfrer an alsence of more 1hun 30 vemrs.  The disease presnmably
was iported from the southwestern I’acific region. Two commercial airline
pilots were hospitalized with dengue in Honolulu early in July 1943, after
arrival from Suva, Fiji Islands, where an epidemic of dengue had been re-
ported.  One of the pilots was already ili when he came to Honoluln, but the
other had onset of symptoms several days laterr and was not isolated by hos-
pitalization nutil he had passed throngh the infectious period.’* After 3
weeks, two cases appenred among civilians in the Waikiki area, and 12 days
Inter, two cases oceurred in Army personnel in the same section.'

Measures were taken immediately to prevent an explosive outbreak. Al
thongh 1355 civilinn cases were reported through 31 December 1943, only 56
cases occurred in military personnel.  Protective measuves consisted chiefly of
an extensive mosquito control program. Proper screening of patients in hos-
pitals and in homes was made mandatory, and large areas of the city of Hono-
Julu were placed “off limits™ to troops.

Assistance in dengue coutrol was given freely to civilian agencies, because
effective control in military establishments was not possible without adequate
control in eiviling areas. A medical officer was attached to the Territorial
Boartd of Health to make an epidemiologic study of all new cases. Fifty
enlisted men were assigned to spray the buildings and eliminate mosquito
breeding places in homes in which there were cases of dengue. Trucks, ladders,
and spraying equipment were made available for use by civilian agencies.

Extension of the dengue control program to include the entire city of
Honolulu became necessary in September 1943. The program was supervised
by the U.S. Public Health Service, although most of the labor personnel were
soldiers from s medical service company. Honolulu was divided into 3 dis-
tricts and subdivided into 77 inspection zones, each of such size that one man
could thoroughly cover his zone every 10 days.

Aedes mosquitoes were found breeding in all sizes and types of containers
that would hold water. The usual variety of such receptacles found in the
continental United States were obeerved in Honolulu (tin cans, bottles, barrels,
jars, flawer vases, ant. enps, animal drinking pans, tanks, tubs, tires, storm
drains, catch basins, unstocked fish ponds, abandoned cesspools, and a few
cisterns). The new breeding places encountered were principally those af-
forded by the subtropical vegetation, especially water-holding plants such as
spider lilies, pineapple lilies, and ape plants, also, rotted-out holes and crotches
in poincians, algarroba, haole koa and guava trees, bamboo and banana stumps,
and the large water-holding pockets in traveler’s palms. Other unusual breed-
ing places were found in fallen palm fronds, the holes of lava-formed rocks,
and pockets in emerged coral reef formations. In over a million inspections,

13 Kesentlal Technleal Medical Data, Central Pacific Base Command, for October 1944, dated
23 Nov. 1944—Inclosure R, subject: Saul(ary Aspects of the Con(rol of the 1943—44 Fpldemle of
Denguwe Fever In Honolulu.

1 llistary of Preven(lve Medicine, Headquarters, U.8. Army Forces, Middle Pacific. [Official
record. |
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on only four occasions were ground pools found to be breeding places for dedes
mosquitoes. Since both A. aegypti and A. albopictus have short ranges of
flight (up to 200 yards), control operations were extended only to the fringes of
the inhabited area. The breeding indexes for .ledes in Honolulu during the
period of the epidemic are shown in table 9.

TABLE 9.- Breeding inder of Aedes mosquitoes sn Homolulu, T.H., August 1943 tlo
August 1944

Yeur and month Indext Year and month Index?
i
1943 i 1944
August.__ .. ... .. ... .. 5 7 | January.__ e 1.0
September. . . .. __. 1.7 || February_ . . . . ___._. 1.9
October.. . . L1 || March o 3.5
November.. ... .. .. _ .. . _____. O Aprl L . sesascesmenee 1.8
December__ ... .. _.___._____. 1.2 May. .. . ...... 1.0
June.. .. ... Ll ... 1.1
JUIV. o e o T
August__ .. . __.__ ... ___.._.... .8
1 P of premises insp d in which Aedes Iarvae were found.

In summary, control meas wres employed in Honolulu were (1) citywide
inspections at 10-day intervals tr- eliminate breeding places, (2) selective spray-
ing to kill adult mosquitoes, anc (3) education of the residents in how to prevent
mosquito breeding on their premises. Breeding indexes of Aedes mosquitoes
were reduced satisfactorily by this program. From experiences during the
epidemic, it was concluded that the critical index, or threshold of ‘mportance
for dengue, was 3.0 or less, which is considerably lower than the index (5.0)
generally accepted as the critical point for yellow fever.1¢

New Guinea and the Philippines.—From the beginning of operations in
New Guinea, dengue was an important cause of noneflectiveness of troope.
Separate statistics for New Guinea and adjacent islands are net. available for
1043, but the monthly record of cases and rates during 1944 and 1945 is shown
in table 10. In 1944, the incidence of the disease was highest during January
and February, months of heavy rainfall and, during the first 6 months of the
year, the rate for dengue exceeded that for malaria. Dengue occurred in epi-
demic proportions in certain units, notably those in the Hollandia and Biak
areas. On Biak Island, dengue was reported to have occurred in a 4 to 1 ratio
with malaria.’* The vector of dengue in New Guinea apparently was A. acutel-
laris rather than A. aegypti. Because of the greater variety of breeding places,
A. scutellaris presented a more difficult control problem. The day-biting habits

% Boper. F. L., and Wilson, D. B.: Species Eradication; A Practical Goal of Species Reduction
in the Control of Moeaqulto-borne Disease. J. Nat. Malaria Soc. 1: 5-24, 1942,

*® Quartieriy Report, Surgeon, Headquarters I Corps, U.S. Army, dated 4 July 1944, for pertod
1 April-30 Jnne 1944,
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of this species made ivdividual protective measures necessary at all hours,
especially in shnded jungle areas.

TABLE 10.—Incidence of dengue in U.S. Army personnel in New Guinea and adjacenl isdlands,
January 1944 to December 1945

{Rate expressed as number of cases por annum per 1,000 average strength]

Year nand month ’ Number of Rate ' Year and month Number of |

Rate
[ Cuses l cases
— g —— et TP — g o
1944 | -, 1945 | .
January.. . ... ..l 8,137 197.6 - Janvary._ ... ____. l 640 24,6
February . 2, K49 164.1 | Febroary. . .. ... 576 25. 8
March_._ ... . ... .i 2 469 90.6 | March. ... __. .. ... ©os97 ¢ 255
April.. . ... ... 1,848 680 | Aprl.... ... ..., 4681  30.5
May. ... ......._ 1,970 66.1 | May . _..__._.__ L 353 2.3
June. . . ... " 2,756 61.2 | June. ... ... ... 208 | 15. 3
July. . . ... . 2,613 60.1 || July. . .. ____ o 48 6.9
August e el 1, 571 33.6 || August_ .. __. __... . 35 56
September. .. .. .. .| 1,828 30.5 | September. .. __.____ 12 | 28
Qctober _ . 4o, 102 21.5 1 Oetober.__. ... ___ 9| 2.7
November.. . . ... .. . 935 23.5 : November L 11 | 4.0
December.... ... __ _{ 1,001 23.2 December. . .. _____ . 3 1 3.3
Y R
Total . ... 21,0741 54. 2 Total .. . ____ .. 2,960‘ 2[.4
}

During 1945, dengue rates in New Guinea remained comparatively low,
even in the months of heavy rainfall. Both the improved mosquito control and
the building up of immunity from the previous year’s experience probably
contributed to this result.

In peacetime, dengue had always been a problem amorg Army forces in
the Philippines, replacements frequently acquiring the disease within a few
months after arrival. Censequently, n serious situation with respect to dengue
was anticipated during the campaign of reoccupation, espe<ially in the more
densely populated regions during the rainy season. Although the disease
occurred rather generally throughout the islands, no outbreaks of epidemic
proportions developed. The number of cases and the rates by months after
the campaign of reoccupation began are shown in table 11.

Intensive mosquito control measures were carried out by malaria units
attached to all forces operating in the Philippines. Area spraying of DDT
from airplanes was done extensively over Manila and other populated centers
in Luzon during the early months of :945.° Also, a great many natives’ houses
adjacent to troop concentrations were sprayed with DDT. Since large numbers
of susceptibles, replacements from nonendemic aress, were introduced in the
islands at that time, it may be presumed that the intensive mosquito control

“ Ensential Technical Medical Data, Headquarters, U.8, Army Forces, Far Fast, for March and
Aprll 1945, dated 2 June 1945, Inclosure 13 thereto,
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TasLE 11.- -Incidence of dengue in U7.8. Army personnel in the Philippine 1slands, November
« 44 to December 1246

{Hate expressed as number of cases per 1,000 Average strength]

Year and month i Number of | Rate Yeear and month | Numberof | Rste
cases | | cases |
. il .

1944 : 19456—Continued i |
November__._.__...__. 652 | 30.8 1 July oL 930 i 16. 4
Deceinber. ... .. _____ [ 1,360 49.1 I August_________.. ... 1,140 | 15.2

lm————i=—— || September..__._______. 439 | 7.9

1945 ' | | October. . ... .- 294 6.3
January . ocecioanao. v1,023 31.8 I£ November . ... o....... 285 6.3
Febrwary. ... ____.___.. o & 24.8 | December. - ... 89 ‘ 4.1
Mareh. oo 1,214 25.7 ae——

Aprid. o ... 857 19.9 Total for 1945___;, 8, 926 . 15. 7

May.ooooo oo, 913 19. 6 ‘

June. .. ... _____ 839 13.4 | Total. cevsesasa 10, 938 [ 17.9
1!

mensures were to a large extent responsible for preventing dengue epidemics
in the Philippines during 1945,

Saipan.—The most extensive epidemic of dengue during World Wur II
occurred in the Marianas Islands in the late summer of 1944. Fairly complete
records are available only for Saipan. Dengue made its appearance soon after
the assault on this island on 15 June. At first, the incidence was relatively
low, probably because the rainy season had not yet begun and mosquitoes were
not numerous. The rainy season began on the 1st of August, and, by the 11th
of August, mosquitoes, including the vector species A. aegypti and A. albopictus,
were abundant. The dengue rate (in this instance, pertains to Army, Navy,
and Marine Corps personnel) among garrison troops had reached 300 per 1,000
per annum, and, thereafter, it rapidly mounted to 3,560 per 1,000 per annum on
8 September.

Combat operations had left a multitude of breeding places for Aedes
mosquitoes (rubble, tin cans, shell cases, and the like) in addition to the usual
breeding sites (wells, cisterns, troughs, and other water containers). Although
a medical sanitary company had been used for sanitation and mosquito control,
cleanup was difficult during the assault phase of the campaign. After the
start of t\e rainy season, it became evident that adequate control was impossible
under existing conditions with the personnel available.

When the first supplies of DDT arrived on Saipan on 3 September 1044,
it was decided to attempt area control of mosquitoes by airplane spraying of
DDT solution. Improvised spraying equipment was installed in a C47 cargo
plane, and the first test run was made on 12 September. This was the first

17 (1) Essentlal Technical Medieal Data. Headquarters, U1.8. Army Forces, Pacific Ocean Arva, for
feptember 1944, dated 26 October 1944. Inclonure 4 thereto, (2) Esseatial Technical Medical Data,
Headquarters, U.B. Army Forces, Pacific Ocean Area, for March 1945, dated 19 Apr. 1945. Ibnelosure
8 thereto.
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time airplane spraying with DDT was used over an entire island. Between
13 and 22 September, in 31 flights, 8,600 gallons of 5 percent DDT in kerosene
were sprayed over a total of 15,650 acres in 3 areas, an average rate of approxi-
mately 0.2 pounds of DDT per acre. .\t the same time, application of DDT
residual spray was begun in all tents and living quarters of hospitals and air
force and garrison troops.™

Accurate statistics regarding the occurrence of dengue on Saipan are not
available for the early phase of the epidemic. The daily mumber of new cases
occurring after 13 September are recorded in table 12. The number began
to decrease significuntly abont 1 week after airplane sprnying of DDT was
started. After 1 October, the number of new cases was less than one-tenth
the number which ocenrred at the height of the epidemic. It was estimated
that abont 20,000 cases (which included Army, Navy, and Marine Corps
personnel) of dengue had occurred on Saipan np to 20 October.’

TaBLE 12.—Daily report of new casea) of dengue at height of the epidemic in Saipan,
14 September to 6 October 1944

1
Date . Number

; Date Number
| |
1944 ! ; 1944—Continued

September 14 . __ . 393 :‘,Septomb(-r%_.,_ 62
15 .. T 426 27, jpe=owm-oh 87
L 7 294 28 . el 79
17 . 306 29 . 7T
18 _ . [ 289 30 44
9. . . b 275 | October P T 36
20. R I 230 2. .. o Ll s 33
20 ... 187 ! 3 L 27
22, . 137 & 4 e - 28
p.% S e - 112 |} L S 32
-2 Y 93 6. _ . . ... 23
25 o . o o ... 8]

1 Cases Include Army, Navy, and Marine Corps personnel.

Surveys made before and after airplane spraying of DDT indicated a
great decrease (up to 98 percert) in the number of adult mosquitoes as meas-
ured by the biting rate per minnte. Also it was generally agreed by troops
that a tremendous reduction in the mosquito population had been effected.
Since the number of new cases decreased markedly before the end of the rainy
season and at a time when susceptible troops were still arriving on the island,
it was concluded that the mosquito control measures employed, especially those
directed against the adult insects, were responsible for the subsidence of the
epidemic.

1 Essential Technical Medical Data, lleadiuartera, U.8. Army Forces, Paclfic Ocran Area, for
September 1944, dated 26 Oct. 1944. Inclosure 5 thereto.
1* Ree footnote 17(2), p. 38,



40 CUOMMUNICABLE DISEASES

China-Burma-India.—Although the nrea eudewmic for dengue included
most of the theater, the majority of cases nmong U.S. troops occurred in the
region of Calentta.  There was a definite seasonal incidence in that locale, the
greatest nnmber of cases ocenrring dnring the months from Jnly to October,
the peak varying with the dates of the monsoon?® In the theater as a whole
the incidence of dengune wias grentest in 1943 and 1944, with average rates of 25
and 31 respectively, per 1,000 per annuni; in 1943, the incidence was approx-
imately oue-fonrth that of the previous yenr. Although it is difficult to state
definitely the causes for the reduced 1ate in 1945, it is helieved that a large pnrt
of the improvement. may be attribnted to the malarin control detachments which
inelnded Aedes mosynitoes in their mosquito control activities. Also, all types
of antimosquito supplies and equipment were more nvailable in 1945, and indi-
vidual protective measnres were better enforced.

A sharp ontbreak of dengue occurred after V-J Day at Hankow, China,
which illustrates the degree to which the disease could incapacitate key military
forces at an inconvenient time. An epidemic of dengue during September
1945 was reported to have affected 80 percent of the population of the city,
including Japanese naval persounc’.  When American Forces occupied the air-
port, 40 of the first 48 men to arrive contracted dengue within 5 to 10 days.®
A survey revenled nunierous mosquitoes, predominantly A. aeqypti, in this lo-
cality. In view of the dengue situation, it was first recommended that no
operations be conducted from Hankow. However, use of the airport was
deemed essential. The city of Hankow was declared “out of bounds,” a ma-
laria control unit was ordered into the area to undertake mosquito control
measures, and personal protective measures were rigoronsly enforced. Appar-
ently these steps were successful, for no further cases were reported among
Americans.

Part II. Research Activities

Albert 3. Sabin, M.D.

Most of the basic and significant contributions to our knowledge of dengue
before World War IT were made by members of the Medical Department of
the U.S. Army. Ashburn and Craig® provided the evidence for the viral
etiology of the disense. Siler. Hall, and Hitchens * clearly established the

= History of Preventlve Mediclne, Headquarters, U.S. Army Forces, Indiz-Burma Theater,
194245, [Officin] vecord.)

# Essential Technlcal Medicul Data, Henadquarters, U.8. Forces, China Theater, for October 1945,
dated 14 Nov. 1945,

B Ashburn, P. M., aad Cralg. C. F.: Experimental Investigations Regarding the Etlology of
Dengue Fever. J. Infect. Dis. 4: 440473, June 1907.

* Bller, J. F., 11all, M. W., and Hitchens, A. P.: Dengue: 1ts History, Epldemlology, Mechanlsm
of Transmiasion, Etlology, Clinleal Mnnifestations, Immunity, and Prevention, Philippl ¢ J. Bel. 29
1-304, January-February 1026.
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period of infectivity of dengue patients for . aegypti mosquitoes, the period
required for the development of the virus in these mosquitoes before they could
transmit the infection, as well as the very long period during which these
mosquitoes were capable of trunsmitting dengue. Simmons, St. John, and
Reynolds ** established (1) the role of A. albopictus in the transmission of
dengue, (2) the occurrence of inapparent infection in certain monkeys under
experiniental and possibly also natural conditions, thus suggesting the existence
of a jungle type of dengue fever exclusive of the human cycle, (3) the persist-
ence of immunity to the Liomnologous strain of virus for 13 months in human
volunteers residing 11 an endemic region, and (4) many of the properties of
the virus. It is necessary to recall, however, that these latter investigators
completed their studies in 1930, before most of the important, newer virological
techniqnes and procedures had been developed. In 1934, Snijders, Postmus,
and Schiiffner * reported sonie immunity experiments on human beings in
Holland with two different strains of virus which left the subject cf immunity
to dengue in a rather uncertain stnte. In 1936, Shortt, Rao, and Swaminath 2*
reported the successful cultivation of dengue virus on the cliorio-allantoic
membrane of chick embryos, but their conclusions were not based on tests on
human beings. Otlerwise, little or no work wus done on dengue between
1930 and 1940.

Thus, while n good deal of fundamental information about dengue was
available at the beginning of World War 1T, it was also apparent that most
of the elementary requirements for carrying out systematic studies with the
virus of dengue fever were lucking. No strains of the virus were anywhere
available; there was neither a suitable laboratory animal for experimental work
nor an established method of in vitro cultivation; and almost nothing was
known regarding some of the basic physical and biologic properties of the virus,

From the point of view of military preventive medicine, there was a great
need for an immunizing agent cnpable of protecting against dengue, preferably
in a manner analogous to that achieved by the yellow fever vaccine. Another
great need was for some practienl, specific diagnostic test which would permit
one to determine the precise role of dengue in the causation of the large number
of “fevers of undetermined origin” encountered in dengue endemic regions. It
was clear that these needs could not be fulfilled until a great deal more was
lenrned about the basic properties of the virus, the immunity which follows
natural infection, and the immunologic charaeteristics of strains from different
parts of the world.

% §immons, J. 8., 8t. John, J. H,, and Reynolds, F. H. K.: Experimental Studles of Dengue
Phllipplne J. 8ci. 44 : 1-253, January 1031 (Monograph 29 of the Bureau of Bcience, Manlla).

% Snijders, E. P.,, Postmus, 8, and Schiftner, W.: On the Protective Power of Yellow Fever
Sera and Dengue Sera Agalnst Yellow Fever Virus. Am. J. Trop. Med. 14 : 510-543. November 1934,

= ghortt, H. E.,, Rao, R. 8., and Swamlnath, C. 8. : Cultlvation of the Virusen of Randfly Fever
and Dengue Fever on the Chorlo-Allnntele Membrane of the Chick Enbryo. Indian J. M. Res. 23:
863-870, April 1836

716-751"—84——3
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ORGANIZATION OF DENGUE RESEARCH UNIT *

Two basic principles for the organization of a dengue research unit were
apparent from the beginning: (1) that no satisfactory work could be done
witliout a constant, fairly large supply of human volunteers located within a
relatively short distance from the laboratory, and (2) that it was better to
carry on the work in a dengue-free area of the United States, bringing the
viruses to the research unit, than to bring the research nnit to an aren where
dengue was occurring in our troops. The unit was organized by this writer
early in 1944, at a time when he was already engaged in studies on sandfly fever
in human volunteers. The work was begun in the laboratory nt the Children’s
Hospital Research Foundation, University of Cincinnati College of Medicine,
utilizing patients in need of fever therapy at the Longview State Hospital in
Cincinnati, Ohio. Since the number of such patients was small, and most of
those requiring fever therapy lhad already been used for tests with sandfly
fever, the unit was transferred to New Jersey.

The human volunteers in New Jersey wers white Americans who were
serving sentences for civilian offenses at the New Jersey State Prison at
Trenton. The authorities of the State prison very kindly donated a hospital
unit of 17 beds, which was mosquito-proofed and used for housing the volun-
teers during the specified periods of experimentation. Two nurses (one day
and one night) and a clinical laboratory technician assisted in the work of
the hospital unit. The laboratory facilities were located at the Rockefeller
Institute for Medical Research, near Princeton, N.J., approximately 15 miles
from the hospital unit in Trenton. Lt. (later Capt.) William G. Jahnes, SnC,
was assigned to the unit as the entomologic associate, and Lt. (later Capt.)
R. Walter Schlesinger, MC, joined the unit as a virologic associate. Several
civilian technical aides were made available by the Rockefeller Institute.

RECOVERY OF STRAINS OF DENGUE VIRUS FROM HAWAII,
NEW GUINEA, AND INDIA AND CRITERIA FOR
IDENTIFICATION

During 1944 and 1945, seven strains of dengue virus were recovered from
Americans stationed in Hawaii (one strain), New Guinea (four strains), and
India (two strains) by subinoculation of serum specimens into human volun-
teers in the United States. The strains were recovered from serum specimens

1 The great Interest of Brig. Gen, James 8. Simmons, MC, Chief of the Preventive Medicine
Serviee 1n the Bnrgeon General's Office, In the establishment of such a unit; the Indefatigadle help
of Brig. Gen. Stanhope Baype-Jones, Depnly Chilef of tbe Preventlve Medicine Bervice, and adminly-
trator of the Army Epldemiological Board; aad the unfalling support of Dr. John R. Panl, Director
of the Commission on Neurotrople Virua Disecwes, were largely responsible for the creatiom and
operation of the dengue restarch unit. The ecooperstion of the Longview State Hospltal at Cincin-
nati, Ohio (Dr. Douglaz Goldman), of the Roekefeller Institnte at Prineeton, NJ. (Dr. Carl Ten
Broeck), and of the Inmates and officials of the New Jersey State Prison at Trenton. N.J., was vilal
in the operations of this unit. Ths Army Specialised Tralning Program students of tbe University
of Cinelunati College of Medicine, who volanteered for experimental lnoculatlons in 1945, also
rendersd valusble service.
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which were transported fron oversens frozen in Dry Ice as well as from speci-
mens which were merely refrigerated Dy ordinnry ice. No sera were ever
used in transmission tests until the patients from whom they were derived
had recovered and it was clear that the clinical course was compatible with
dengue. The first strain of virus was recovered in March 1944, when 2 pool
of sern obtnined from 24 to 48 howrs after onset from six patients with a
diagnosis of dengue during an epidemic in Iawnii was subinoculated intra-
cutnneously in six patients at Longview Stute lospital in Cincinnati?*  All
the subinoculated puatients developed a febrile illness with rash and leukopenia,
from which they promptly recovered. A Inrge amount of serimm obtained within
24 hours ufter onset of fever and stored partly in Dry Xce and pnrtly in the
lyophilized state served as n source of virus for mmny subsequent studies.
Although the incubation period nnd clinieal manifestations of the experimental
disense were in most respects compntible with dengne, there wns some concern
about the occurrence of a rather mnrked, petechial eruption over the feet,
ankles, legs, and in some instances over the hands and wrists, in three of the
six putients toward the end of the febrile period or after defervescence. Since
petechial hemorrhages had not previvusly been stressed in the clinical picture
of dengue, it appeared necessary to determine whether or not a rickettsial agent
might have been responsible. However, the convalescent sera of the six
patients yielded negative results in Weil-Felix agglutination (OX-2 and
0X-19) and rickettsial complement fixation tests. Imoculation of chick
embryos into the yolk sac nnd of guinea pigs nnd mice with acnte phase serum
also failed to yield any evidence of rickettsiae. However, the identification of
the virns as dengue was not considered established until transmission by A.
aegypt: mosquitoes, after the characteristic extrinsic incubation period, was
acconiplished.” The continued occurrence of petechial hemorrhages in human
volunteers after passage of the virus through mosquitoes and also after filtration
through gradocol membranes with pores too small to permit the passage of
rickettsine finally eliminated the suspicion that the petechial hemorrhnges
might have been due to a rickettsial agent.

Sera from several types of febrile illness were collected in New Guinea
between April 1944 and 13 May 1944 and forwarded by Lt. Col. (later Col.)
Comelius B. Philip, SnC, in the fluid state refrigerated by ordinary ice. The
sera, which were suitable for study, were derived from essentially three types
of cases:

1. Fevers of 2 to 3 days’ duration followed by rapid recovery without rash
which were diagnosed as febricula or F.U.O. (fever of undetermined origin).»®

= Letter. Maj. Albert B. Sabla, MC, to Brig. Gen. Stanhope Bayne-Jones, Preventive Medicine
Division, Office of The Surgeon General, 28 Apr, 1944,

® Letter, Maj. Albert B. 8abln, MC, to Brig, Gen. Stanhope Bayne-Jones, Preventive Medleine
Bervice, Office of The Snrgeon Gemeral, 9 June 1944, audject : Further Report of Certain Propertles
of the Hawalian Dengue Virus.

% Credit for atimulating laterest In this group of patients {s dns to the many medical officers
In the field who 1o reporting these cases indiested thelr suspicion that the viruses of sandfly fever
or dengue, or some other virus, might be respounsible.



44 COMMUNICABLE DISEASES

2. Fevers of 4 to G days’ duration without rash which were regarded as
dengue.

3. Fevers of 24 to 36 howrs’ duration, without rash, with leukocytosis of
10,000 to 19,000 diagnosed as fever of undetermined origin.

It was reported that the majority of cases in New Guinea were charucter-
ized by a short febrile course, and that very few exhibited rash or “classical
saddleback” fever. The results of the subinoculation tests in human volunteers
in the United States were as follows:

1. Four strains of virus were recovered which produced a febrile illness
with rash, clinically compatible with dengue.

2. Two of the strains were obtained from the serum of patients who ex-
hibited fever of approximately 2 days’ durntion, and the otler two strains
from the serum of patients who had fever of 4 days' duration or longer.

3. Although none of the five original patients in New Guinea, from whom
these four strains of virus were recovered, was reported to have lhad a rash,
all eight volunteers inoculated either with the original serum or with the first
passage serum exhibited a rash and febrile course, clinically compatible with
dengue.

4. The experimental disease produced in luman volunteers by the New
Guinen strains was generally less severe than that produced by the Huwaii
strain.

5. Cross-resistance tests in human volunteers performed from 4 to 8 weeks
after the initial experimental attack served to identify the New Guinea viruses
with the A. aegypti transmitted Hawaii dengue virus, although tests carried
out after longer intervals subsequent to the original infection ultimately re-
vealed that three of the four New Guinea strains were immunologically differ-
ent from the Hawaii strain.

6. No virus was recovered from a pool of serum obtained from 32 to 36
hours after onset from two patients who exhibited fever not exceeding 36 hours
in duration associated with leukocytosis but without rash. The two volunteers
used in this test showed no signs of illness and subsequently were proved to be
susceptible to inoculation with two of the New Guinea strains of dengue. Ae-
cordingly, it was concluded that the brief, febrile iliness with leukocytosis which
was seen in New Guinea was most likely not a manifestation of dengue.

A variety of febrile illnesses, some with and others without rash, pleocy-
tosis, or other changes in the cerebrospinal fluid, were occurring among U.S.
perscnnel in India. It was not clear whether one or several etiologic agents were
involved, and whether or not the viruses of sandfty fever, dengue, or one of
the neurotropic viruses were among these agents. Col. Herrman L. Blumgart,

N Letter, Maj. Albert B. Sabin, MC, to Preventive Medicine Service, Ofice of The Surgeon
Qeneral, attn: Brig. Gen. Staubope Bayne-Jones, dated 3 Aug. 1944, subject: Isolation of Reveral
Strains of Dengue Virus from Serum of Patients with Various Types of Fevers in New Gulnea.
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MO, medical consnltant in the India-Bura theater, obtained serum and cere-
brospinal flnid from a number of such pntients, and the specimens. frozen in
Dry Ice, were transported by air to the dengue laborntory in the United States.
The clinienl histories of sume of the cases, particnlnrly those cccurring during
the latter part of September 1945 in Calenttn, were compatible with dengue,
and it was cousidered worthwhile to attempt isolation of new stinins of virus
for immunologic comparison with virnses nlrendy available from other narts
of the world.

Sernm from individual patients, rather than pools, was used for trans-
mission studies to permit detection of multiple etiologic agents and correlation
of the clinical pictnre presented by the original patient with any virns that
might be isolated. When pleocytosis was present, human transmission studies
were postponed nntil it conld be shown that neither the serumn nor the cere-
brospinal fluid contnined an agent pathogenic for mice. The human transmis-
sion tests, summarized in table 13, yielded two strains of virns.**> Both strains
were recovered from the filtered serum (500 mp gradocol membrane) of two
individunal patients, who became ill in Caleuttn on 25 September nnd 27 Sep-
temnber 1945, respectively. The cerebrospinal fluid yielded no virns, althonugh
in one instance it was obtained 2 dnys after onset at a time when the blood of the
smme patient (K) contained virus. No virus was recovered from the serum of
the patient in New Delhi who exhibited a pleocytosis, and it may be pointed
ont that his clinical history was also not compatible with a diagnosis of dengue
becanse he had a moderate leukocytosis instead of a lenkopenia. Both strains
of virus from India were identified as dengue on the basis of the following
properties:

1. The clinical manifestations of the experimentally transmitted disease
inclnded skin lesions, which appeared after a snitable inenbation period at the
sites of intracutaneous injection of the serum, a self-limited fever after an
incubation period that is usual for dengue, transitory leukopenia with the
usnul changes in the leukocytic formula, generalized maenlar or maculopapular
rash, and terminal petechial eruption.

2. Transmission of a clinically similar illness by A. aegypti mosquitoes
after an extrinsic incubation period of 14 days, following feeding on human
beings infected with this virus.

8. Resistance of human beings recovered from infection with known dengue
virus to inoculation with these new strains,

4. Human beings infected with the Calcutta strains developed neutralizing
antibodies for the Hawaii mouse-adapted virus.

= Letter, Lt. Col. Albert B. Sabin, MC, to Preventive Medicine Service, Office of The Snrgeon
General, attn: Brig. Gen. Stanhope Bayne-Jones, dated 28 Dee. 19485, snbject : Isolation and Identifica-
tion of T'wo Ktralnw of Dengue Vlens From “Feverx” Among 1'. 4. Army Personnel In 1ndia.
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PROPERTIES OF DENGUE VIRUSES DETERMINED BY STUDIES
ON HUMAN VOLUNTEERS

M.LD. (minimum infective dose) and pathogenic effects of minimal
amounts of virus.—Sermn obtained from experimentnlly infected persons
within the first few hours after onset of fever was stoved in a Dry Ice chest
and constituted the souree of virns,  The determination of the mmount of vivns
present in snch serium was desirable not only to permit quantitative work with
this virus but also to ascertain whethier minimal doses of virus produced a
maodified clinienl syndrome and whether “subelinieal™ doses were innmunogenic.
Such infected serum, even after varying periods of storage in Dry Ice and
repeated freezing nnd thnwing, was fonnd to contain 1 million human M.I.D.
per milliliter, when the dilutions were nmde in 16 percent normal hunan serum-
saline and inoculated intracutaneonsly. Ten M.LD. injected intracutaneously
produced as severe nnit infection ns did 1 nillion M.LD. However, one M.L.D.
of virus produced different resnlts in different. individnals: (1) .\ typical un-
modified attack resulted n two of four volunteers, (2) n short febrile iliness
withont rash, followed by solid iiInmunity, oceurred in one of four volunteers,
aud (3) no evidence of infection, that is, neither symptoms, fever, nor leuko-
eytic changes followed by a partinl immumity to reinfection in the fourth
volunteer.

Cutaneous lesions and the loeal sparing phenomenon.—Intracutaneous
mjection of 0.1 to 0.2 ml. of humm serum, contnining 10 or more M.LD. of
dengue virus, was regularly followed after an interval of 3 to 5 days by local
edema and erythema, from 1 to 4 cm. in diameter. This skin Jesion invariably
appeared one or more days before onset of fever, and, as a rule, disappeared
before the occurrence of the generalized maculopapular or scarlatiniform erup-
tion. However, when the generalized rash did appear, a striking sparing phe-
nomenon was observed at the sites of the original skin lesions which stood out
as blanched zones surrounded by the diffuse rash. This sparing was specilic
in that normal lnman serum or other irritants did not give rise to the same
phenomenon. The speciticity of the dengue skin lesion and its dependence on
local viral multiplication were further demonstrated by the fact that no lesion
occurred when a suitable number of M.L.DD. of dengue virns were mixed with
homologous convalescent sernm prior to inoculation, or when the virus was
inocnlated into dengue convalescents. Injection of convalescent serum into an
established maculopapulur or scarlatiniform rash failed to canse blanching.

The local irritation and snnll papules resulting from the bites of dengue-
infected A. aegypt. mosquitoes could not be distinguished from those resulting
from the bites of nninfected .1. wegypti mosquitoes. However, when the gen-
eralized rash occurred, it was more marked at the sites originally bitten by the
normal mosquitoes, while each papule resulting from the bite of an infected
mosquito was surraunded by a blanched halo. Biopsies performed on the
local skin lesions showed that. the epithelium was not involved and no inclusion
bodies were found. The chief abnormality was found in and about the small
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blox vessels aud consisted of eudotlelial swelling, perivascular edema, and
filtration with mononnclenr cells,

Particle size of the virus.--The diameter of the virus as deternuined by
filtration of highly infectious human sermn through gradocol membranes was
estimated a? 12 to 25 my, becanse all the volunteers who receive:l the filtrates
from wewbrnnes with nu AP, (nvernge pore divmeter) of 75 wmiu or greater
developed typically severe deugue, while two volunteers who received the
filtvate from the membrane with au A.P.D. of 50 mu remiained well.*® Iow-
ever, siuce the latter volunteers exhibited a partial imunmmity to reinoculation
several morths later, it is possible that. approxinmtely one M.1.D. of virns might
have passed the 50 mp membrane, and that the virus mny actunlly be somewhat
smaller than 17 to 25 mp. The virus could be sedimented from hinman sermin by
centrifugation at 24,000 r.p.m. for 90 minutes in an 8-inch rotor of n vacuum
ultracentrifuge. Examination with the electron microscope of prepavations
from highly infectious human dengue serum, puritied by differential centrif-
ugation, revealed dumbbell-shaped structures (700 myu x 2040 my), which
were not found in similar preparations from normal Linman sernm (stndies
carried out in associntion with Captain Schlesinger, and Dr. Wendell M.
Stanley of the Rockefeller Institnte).

Cultivation in various media in vitro.—Although successful cultivation
of dengne virus on the chorio-allautoic nembrane of the developing chick had
been claimed, the claims were either not substantiated by tests on human
beings,™ or the human tests which were carried ont yiclded [in this writer's
opinion] no conclusive evidence that the cnltured materinl was dengue virns.™
Numerous attempts were made to propagate n variety of strains of the hunun,
unmodified virus in embryonated eggs inoculated by various rontes, or in tissue
cnltures containing minced chick embryo, minced monse embryo, or human
leukocytes. Iowever, nll of these attempts yielded negative results as judged
by tests on hinman volunteers who failed to develop either disease or immunity.
After the dengue virns was successfnlly adapted to propagation in mice, it
proved possible to cultivate it in chick embryos,

Experimental iliness following infection with dengue virus by seari-
fication of skin, conjunctival, or nasal instillation,*—The investigation of
the results of infection by “unnaturnl” rontes was part of a search for some
means of producing immnuity withont disease. Undiluted, infectious sernm
rubbed into the searified skin produced unmodified dengue. Nasal instillation
of 1 million or 100,000 M.LD. (basad on infectivity by intracutaneons ronte)

% See footnote 20, p. 43,

4 Ree footnote 28, p. 41,

» Kimura, R., Higaah), N, and Akasawa, H.: Uber dle Zuchtung des Denguevirus auf der
Chorioallantolamembran von Hilhnerelern. Japanese J. Med. Sc. VI. Bact. and Parasitol. 2: 241,
1944,

# Letter, Lt. Col. Albert B, 8abin, MC, to Preveative Medicine Service, Office of The Surgeon
General, attn: Brig. Gen. Stanhope Bayue-Jonex, dated 26 Jan. 1945, audbject : Penetration of Deague
Virua Through Normal Nasil Mucosa With Resulting Modification In Clinlcal Type of Infection,
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resuhted in a very mild or negligible illness with rash in four of six human
vohuiteers, while two others suffered from a typical, unmodified attack. Nasal
instillation of 10,000 M.LD. produced ncither disense nor immunity. Instil-
lation of 200,000 M.L.D. into the conjunctival sac produced typical dengue in
one volunteer, while 10,000 M.I.D. prodnced neither disense nor immmnity in
nnother. Mosqnitoes feeding on a volunteer with the modified, negligible
disease following nasal instillation of the virus, at the time the yash first ap-
peared (in absence of fever), developed the capacity to transmit the unmodi-
fied disease. \bont 5 weeks after nasal instillation of the virns, three of the
volinteers, who exhibited the mildest symptomatic reaction, were exposed to the
bites of dengue-infected mosqnitoes and were found te be immune.

Effect of Atabrine and penicillin.—The effect of Atabrine (quinacrine
hydrochloride) an the conrse of dengue was investigated in order to determine
whetler or not this drug might lmve been responsible for the mikl forms of
dengue enconntered in our troops in New Guinea. Three volunteers were
given 0.1 gm. of Atabrine daily for a period of 12 days prior to infection by
exposiure to the hites of 22 to 24 .1. aegypti mosquitoes. The same dose of
Atabrine wns then continued thronghout the incubation and febrile periods.
All three volunteers, who were daily abserved to swallow the drug, developed
the disease withont mudification of the incnbation period, clinical severity,
rash, or duration of fever. Penicillin administered at the onset of fever (25.000
mnits every 3 hours, day and night) had no efiect on the course of the experi-
mental disease.

Capaeity of certain American mosquitoes to transmit dengue.—This
mvestigntion was earried out to determine to what extent mosquitoes prevalent
in the United States, other than 1. aegypti, might be potential vectors. The
feeding of any species on lmman valunteers, although occurring at the onset
of fever. was alwnys checked by nllowing A. weyypti to feed simultaneously.
The extrinsic incubation periods varied from 2 weeks to over 1 month. The
following species of mosquitoes were found not to transmit the infection under
conditions which permitted 1. eegypti to act as an eflective vector: Aedes
verans, Aedex xollivitanx, Avdes laeniorhynchus, Aeden cantator, \nopheles
punctipennis. Anopheles quadrimacnlatus, and Culex pipiens.

Preservation of virus by freezing and lyophilization.—Dengue virus,
in the form of hunmn serum, has been found to be remarkably stable on storage
in the frozen state in a Dry Ice chexst, or in the lyophilized state in an ordinary
refrigerator. Preparations have remained infective for a period of 5 years,
the longest. interval tested thns far.™

¥ [o(ter. Lt. Col. Albert B. 8abln, NMC, to Preventlve Medicine Service, Ofice of The burgeon
General, attn: Brig. Gen. 8. Bayne-Jones, dsted 25 Jan. 1945, subject: (a) Effect of Dally i.take
of Atsbrine on Clinlcal Course of Experimentst Dengue 1n Human Volunteera: (b) Factors Responsible
for MIM, Usually Rash-Free, S8hort Fedrile Forms of Dengue in New Gulnea (1944).

» madin, A. B.: The Dengue Group of Viruses and Its Family Relatlonships, Bact. Rev. 14:
225 232, Beptembder 1930.

718 731 a4 [



50 CGMMUNICABLE DISEASES
EFFECT OF DENGUE VIRUS ON LABORATORY ANIMALS

Infant mice and hamsters, newborn and adult guinea pigs, cotton rats, rab-
bits, and Macuce rhesus monkeys inoculated intracerebrally or intra-abdomi-
nally, or both, with serum or wholeblood of proved infectivity for human beings
exhibited no clinical signs of infection. Tests with guinea pig brain tissue in
o lluman volunteer revealed no evidence of inapparent infection in the guinca
pig. On the other hand, subinoculation of serun obtained from M. rhesus
monkeys 6 days after inoculation of hmnan serum produced typical dengue in
a human volnnteer, thus confirming the occurrence of inapparent infection in
M. rhexus monkeys. The nltimate adaptation of the virus in mice will be
described subsequently.

IMMUNOLOGIC STUDTES ON HUMAN VOLUNTEERS

Immunity to reinfection with homologous and heterologous strains
of virus.——Human volunteers reinoculated with the same strain of virus proved
to be completely inmune for as long ns 18 months ufter a single infection—
the longest period tested thus far. These tests are especially significant becnuse
they were carried out on humon beings residing in nondengue areas, and there
can be no question of the immunity hnving been reinforced by intercnrrent,
inappurent reinfection. The results of reinoculation with a heterologous struin
were fonnd to depend on the intervnl after the original attack. Active im-
minity to heterologous strains wns, as a rule, demonstrable during the first 2
months after an attack. That this cross-immunity is most likely dne to a group
specific antigenic stimulus and not to nonspecific resistance resulting from a
preceding febrile illness was confirmed by the fact that phlebotomus fever
convalescents exhibited no such immunity todengne. Reinfection with a differ-
ent immunologic type of dengue \irus approxinately 2 to 3 months after a
primary attack had been found to give rise to malaise and slight fever for less
than 24 hours, and mosquitoes which fed on such patients acquired the capacity
to transmit the unmodified disense. Group immunity was still evident for as
long as 9 months after the primary attack, since volunteers who were then
shown to be resistant to the homologous type reacted with n rask-free, febrile
illness of 2 to 3 duys’ duration upon inoculation with a heterologous type of
dengue virus. These modified attacks, clinically not recog....able as dengue,
were proved to be dengue by both mosquito and blood transmission tests. By
this method of comparison, it wns found that fonr of the seven human strains
studied, that is, the Hawaii, New Guinea “A,” nnd two strains from India,
belonged to one immunologic type or group, while the other three, all from
New Guinea, belonged to another. Since more than one immunologic type of
dengue virus was thus found to be present in New Guinea at the same time,
it is possible that reinfection with a heterologous type of virus may have been
one of the causes for the many atypical febrile illnesses which were diagnosed
as fever of undeermined origin, but which were shown to be dengue by recovery
of the virus.
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Demonstration of type-specific neutralizing antibodies.*>—¥’revious
attempts by other investigators to demonstrate a neutralizing antibody in
convalescent dengue serum were unsnccessful. It Lecame apparent that the
previous lack of success was at least in part due to the fact that unknown
quantities of virus were used in the tests. Thus, it proved possible to demon-
strate that the serum of volunteers convalescent from infection with the
Hawaiian strain of dengue virus was capable of nentralizing 1,000 but not
100,000 M.LD. of virus. This means that when 0.9 ml, of convalescent serum
was mixed with 0.1 ml. of acute dengue serum (with 1 million M.LD. per
milliliter) diluted 1:100, and the mixture, after in vitro incubation, was in-
jected intracutaneously in 0.2 ml. amounts in a human volunteer, neither local
lesions nor illness developed. Utilizing the skin surface of the arms, abdomen,
and back, 20 to 40 different sera, including normal controls, could be tested
simultaneously in a single volunteer, the presence or absence of neutralizing
antibody in a given specimen being determined by the appearance or non-
appenrince of a local lesion. Neutralizing antibody ngainst 1,000 M.I.D. of
virus was dentonstrated in the sernm of Hnwnii dengne convalescents obtained
1 week, and 1, 2, 3, and 8 months after defervescence. The dermal neutraliza-
tion tests which established the type-specificity of the antibody were performed
with approximately 10 minimal skin-lesion-producing doses. The results
obtained in tests with five human strains of virus, shown in table 14, indicate
only two distinct immunologic types among them—the Hawaii and New
Guinea “A” belonging to one type, and the New Guinea “B,” and “C,” and
“D” strains to another. Convalescent serum obtained during the first 2 months
after an attack, when active immunity to heterologous types was readily de-
monstrable, contained only type-specific antibody in the dermal neutralization
test.

TABLE 14.—Differentiation belween strains of dengue virus (dermal neutralizalion lesls in
human volunteers)

8kin lesions resulting from mixture with—
Strain of virus 11zmsn convalescent serum
Normsl =
serum
llawail New Guinea | New Guinea | New Guinea | New Guines
wpr R wge ups

Hawaii......._.___.. + 0 0 + + +
New Guinea “A"™_______ + 0 0 + + +
New Guinea “B”__.__.. + + + 0 )] 1}
New Guinea “C”_______ + + + 0 0 0
New Guinea “DV__ ____ + +? + 0 0 0

Source: Sabin, A. B.: The Dengue Group of Viruses and 1ts Familly Relationships. Bact. Rev. 14: 225-232, Sep-
tember 1950,

® Letter, Lt. Col. Albert B, Sabln, MC, to Preventive Medicine Service, Office of The Surgeon
General, attn: Brig. Gen. SBtanhope Bayne-Jones, dated 26 Jan. 1945, subject: Nentralizing Anti-
bodies in Dengue and the Capacity of Different Strains of the Virns to Stimnlate Thelr Production.
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Interference between 17-D strain of yellow fever and dengue vi-
ruses.*—The investigation on the relationship between the yellow fever and
dengue viruses was undertaken to determine whethier or not vaccination with
the 17-D strain of yellow fever virus can modify the clinical course and severity
of dengne. This was carried out in senrch for an explanation for the mild
form which dengue assimined in American troops in New Guinea. Thirty volun-
teers were used in this study and the following resnlts were obtained :

1. When dengne virus, in amounts of 10 to 1 million huinan M.L.D., was
inocnlated simnltaneously with, or 3 days after, yellow fever vaccine, the onset
of dengne was delayed for 3 to 6 days, and the resulting disease wns miider and
of shorter duration.

2. When the dengue virus was injected 1 week after the yellow fever vac-
cine, the incubation period was unaffected, but the resulting disease was milder
and of shorter duration.

3. When infection with dengue virus (either by the bites of infected 1nos-
quitoes or the inoculation of 10 human M.LD. of infectious serum) was post-
poned for 5 weeks after the yellow fever vaccine, neither the incnbation period
nor the duration or severity of the resulting dengue was modified.

It was concluded, therefore, that immunity to yellow fever, resnlting from
vaccination of human beings with the 17-D strain of yellow fever virus, neither
protects against nor modifies the disense resulting from infection with dengue
virus, While a definite interference phenomenon was demonsirable during the
period of propagation of the two viruses, and while the simultaneous injection
of yellow fever vaccine and dengue virus resulted in a rather mild and modified
form of dengue, it could not be regarded as a feasible method for the simultane-
ons immunization against both diseases.

INTERFERENCE BETWEEN DENGUE AND VISCEROTROPIC
YELLOW FEVER VIRUS IN RHESUS MONKEYS AND
MOSQUITOES

One of the reasons the problem of interference between these two virnses
was pursued further is the peculiarity in the epidemiology of yellow fever that
it has apparently spared many parts of the world (for example, India, Indo-
nesia, Australia, and so forth) where dengue has been endemic. The study on
M. rhesus monkeys and on mosquitoes was carried out in association with Dr.
Max Theiler of the Internationu! Iealth Division of the Rockefeller Founda-
tion.* In the tests on hmnan volunteers, the yellow fever virns (17-1)) was

“ Lelter. Maj. Albert B. Rabin, MC. to Preventlve Medicin~ Serviee, Office of The Nurgeon
General, attn: Brig. Gen. Stanhope Bayne-Jonex. dated 6 Nouv. 1944, subject . Interference and
Immunologie Relatlonshlp Between Dengue and Yellow Fever Vienres—Summary of Results Ontalned
ia 8tudles on Human Belngs, Rhesus Monkevs, and Aedes ecgypti mosquitoes.

@ See footnote 40.
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the agent which produced the inapparent infection while dengue produced the
clinically npparent disease. In the tests on M. rhesus monkeys, the dengue virus
(highly infections himau sermn injected intra-abdominally or intracerebially)
produced the inapparent infection while the viscerotropic yellow fever virus
(Asibi steain) produced the elinically severe, futal disease. When the dengne
virus was injected in M. rhesus moukeys 2 or 3 days before the viscerotropic
yellow fever virns, it interfered with the mnltiplication of the latter virus and
six of seven moukeys survived, while all nine control monkeys, inoculated with
yellow fever virus only, died.  When the interval hetween the dengune nud yellow
fever inoculutions was from 4 to 7 duys, there wus still demonstrable interfer-
ence with the mnltipliention of the yellow fever virus, but death of the monkeys,
while postponed, was not prevented. When the yellow fever virus (100 mini-
mum lethal dose) was injected 1 mouth after the dengue virus, six of eight
monkeys died in a manner which suggested that no significant cross-immunity
existed between the two viruses.

Since the A. aegypt: mosquitoes serve as natural vectors for both the dengue
and the yellow fever viruses, and since available evidence indicated that mos-
quitoes remain infected for life, the possible occurrence of interference betwecn
these two viruses in mosquitoes was of special interest and possible epidemio-
logic sigmificnuce. A, aegypti musquitoes which first were proved to have be-
come infected with dengue virus (by tests on human volunteers) were allowed
to feed on monkeys infected with the highly virulent, Asibi strain of yellow
fever virus. After n suitnhle interval, these mosquitoes were tested for their
capncity to transmit yellow fever, and two of the tliree monkeys bitten by them
died of yellow fever. However, tests in which extracts of individual mos-
quitoes were tested in mice suggested that some of the dengue-infected mos-
quitoes did not become infected with the yellow fever virns, while nll the normal
mosquitoes did. Tn view of the fact that in feeding on monkeys infected with
the Asihi strain of yellow fever virus, each mosquita sequires abont 10 million
M.L.D. (minimum lethal dose) of virus, a degree of infection which may not
obtain in mature, other experiments were perfarned in which normal and
dengue-infected mosquitoes were allowed to feed on artificial mixtures con-
taining varying amounts of yellow fever virns, and the multiplication of virus
in tliem determined by tests in wice. These experiments strongly suggested
interference with multiplication of smaller doses (about 10*LDy, or less) of
yellow fever in dengue-infected mosquitoes, and in another biting test in mon-
keys, the normal mosquitoes which ingested 10°LD:, of virus transmitted yellow
fever, while a similar number of dengue-infected mosquitoes which fed on the
same mixtnre did not. These resnlts suggested the possibility that the intro-
duction of yellow fever virus in a dengue-endemic area may find enongh mos-
quitoes relatively refractory to the yellow fever virus to prevent the establish-
ment of yzllow fever in the same area.



51 COMMUNICABLE DISEASES
ADAPTATION AND PROPAGATION OF DENGUE VIRUS IN MICE

The following quotation from this writer’s report to the Fourth Interna-
tional Congresses on Tropicnl Medicine and Malaria 2 summnarizes the experi-
ences encountered in the adaptation of dengue virus to mice:

* ¢ *» the many simiiaritiea between the viruses of yeiiow fever and dengue and the
available knowiedge of the varying behavior of yeliow fever virua in wice, were, in large
measure, responaible for the persistence with which my associate, Dr. R. W. Schlesinger,
and I continued the work on adaptation of dengue virua ln mlce In the face of mauy faltures.
Uitimately, 1t appeared that In the primary adaptation of buman dengue virus kn mice, the
important factors were the breed and age of the mice, the straln of virua, and the propor-
tionni concentratlon of virua and inhibitory factor apparently present In infectious human
serum. The best resulta were obtained with the Hawail virus, either concentrated by
ultracentrifugation at 25,000 revolutions per minuie for 90 mlnutes, or witb highly lufec-
tiona human serum diiuted 1:100. The so-caiied Webster Swiaa mice were better than
nthier alblno mice, and the *dba” mlece bred at the Jackson Memorial Laboratory at Bar
Harbor, Malne, appeared to be better than any of the albino and colored (C-57 biack,
C-57 brown) mice that were tested, Two-week-old or younger mlce were needed for the
Inltiai passages, and it was not untll the virus was thoroughiy adapted after many seriai
passages in young mlice, that nider mlce would succumb with regularity. The dlagram in
chiart 2 shows that only that portlon of the passage-tree which yleided auccessful con-
secutive passages and not the hundreds of mlce which in the early passages exhihited
nothing or yielded nothing on further passage. Oniy 10 to 20 percent of the Inoculated
mice at first exhlbited cilnicai algns of the infection (siight weakness of the extremitles
detectabie oniy by special teats in some, and distinct flaccld paralysis or encephai'tlc signs
in others). and the incubatlon period was frequently 3 to 4 weeks. It took 13 passages
before 100 percent of the mice inocuiated with a 10 percent brain and cord suspension
succumbed, and the incubation period was reduced to 0 to 14 days. At thls stage the 50-
percent morbldity and mortaiity endpoint In mice dld not exceed 107, but continued serial
passages in young mice gradually increased the titer and shortened the incubation period
untii now, after more than 80 such passages, the intercerebrai titer for the 0.03 cuble
centlineters dose in mice is 10** and the incubation period for the highest concentration
ia approxlmntely ¢ days. We could not be certain that this virus in mice was Indeed
dengue virus, untli, after approprlate preiimlnary tests in iaboratory anlmals, the eariy
parsage materlal was Inoculated In human voiunteers and produced in them solid immn.
nity to unmodified human dengue virus, Simliariy, we know that the virus of higher
potency which 1s now belng passaged in mice is stiii dengue virus, because it is neutrallzed
apecifically by the human convaiescent sera and by the sern of rhesus monkeys and
chimpanzeea Inocniated with hnman virus that has never been through mice. Thls mouse-
adapted dengue virus produces nelther apparent nor Inapparent infection in cotton rats,
hamsters, guinen pigs, or rabbits.

EFFECT ON HUMAN VOLUNTEERS OF MOUSE-PROPACATED
DENGUE VIRUS AT DIFFERENT STAGES OF ADAPTATION

Extracts of the brain and spinal cord of paralyzed mice, derived from the
first six consecutive passages in mice, upon inoculation in human volunteers
produced clinical manifestations of varying severity—relatively mild in some

% 8abla, A. B.: Recent Advances in Phlebotomus and Dengue Fevers. Proc. Fourth Intermat.
Cong. Trop. Med, and Malaria 1: 520-523, May 1948.
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CuaRT 2.—Adaptation of dengue virus (Hawaii strain) to Swiss albino mice
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and fully severe and unmodified in others.®* Local skin lesions appeared at the
sites of intracutaneous injection after an incubation period of 5 to 7 days, and
marked generalized maculopapular and ultimately petechial eruptions ap-
peared in all. T.eukopenia with the qualitative and quantitative changes in
the leukocytic formuls usually seen in dengue were also present. Blood serum
obtained from the above volunteers at the onset of the generalized eruption
produced typical dengue in another volunteer.

“gabin, A. B, and Schiesinger, R. W.: Production of Immunity tc Dengue With Virus Modified
by Propagation in Mice, Science 101; 040642, June 1046.
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Beginning with the seventh passage in mice, however, the virus had lost
its capacity to produce the severe illness and protracted fever, characteristic
of the unmodified disease in human beings, but retained its capucity to produce
a rash and solid innnmunity to the unmodified virus, Fever either did not occur,
or was low-grade, lasting 24 hours, or less. Blood taken fromn such persons at
the time the rash ficst appeared produced only the same type of moditied reac-
tion in other volunteers. Immunity to infection with the unmadified virus
was already present 12 dnys after inoculation, the shortest interval tested.

USE OF MOUSE-ADAPTED DENGUE VIRUS AS A VACCINE

The results of tests on nine hiuman volunteers inocnlated with the 7th to the
10th mouse-passage virus indicated that the virus had undergone sufficient
attenuation to permit its consideration for use as a vaccine against dengue.
Accordingly, two vaccines were prepared from the 15th and 19th inonse-passage
virus and tested both in ASTP (Army Specialized Training Program) medical
student volunteers and in schizophrenic patients, The 15th mouse-passage
vaccine,** consisting of a centrifuged 1:10 monse-brain extract in 10-percent
human serum-saline solution, was tested in 16 individuals in doses of 0.5 nl.
of the 1:100, 1:1,000, and 1:10,000 dilutions. While the titer of this virus
in mice was only 1: 100 for the 0.03 ml. dose, 2!l inoculated persons (including
those receiving 0.5 ml. of the 1:10,000 dilntion) developed a maculopapular
eruption of varying extent, while systemic symptoms were either ahsent,
negligible, or very mild; 21 to 38 days after vaccination, all were found to be
immune upon exposure to A. eegypt/ mosquitoes of proved infectivity. Thus,
it became apparent that the extract from a single mouse brain and cord, pre-
served in the frozen state, had enough antigen in it to immunize at least 10,000
people. When some of the sume 15th mouse-passage vaccine was lyophilized
together with yellow fever vaccine and tested in 10 students (the inoculum
contained 1:100 or 1:1,000 dengue and the standard dose of yellow fever
vaceine), 5 of 7 students subsequently exposed to dengune-infected mosquitoes
were not immune. It was not clear whether the chick embryo yellow fever
vaccine did not constitute a suitable protective agent for the lyophilization
of the diluted, modified dengue virus, or whether the proportions of the two
viruses in the inoculum were such that the multiplication of the smaller dose
of modified dengue virus was suppressed by the larger dose of yellow fever virus.

Since it was desirable to get away from human sernm as a constituent of
the vaccine, crystalline bovine albumin was selected as the protein to be used
for both extraction and lyophilization in the tests with the 19th monse-passage
vaccine.® A relatively large amount of vaccine (enough for more than 50,000

4 Report, Lt. Col. Albert B. S8abln, MC, and Capt. R. W. Schiesinger, MC, to Meeting of the
Commission on Nenrotrople Virus Di Army Epldemiologica]l Board, 18 Oct. 1945, subject:
Vaccination of Human Beings with Dengue Virns Modifled by Passage In Mice.

4 Letter, Capt. R. W. Schleslnger, MC. to Brig. Gvn. Stanhope Bayne-Jones, Preventive Medicine
fervice, Office of The Surgeon General, 12 Sept. 1945, with Appendix 1, “Results of Immunity
Tesln.”
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men) was prepared both as a model for prodnction on n still larger scale
and for the purpose of having enough available for a field trial if the pre-
liminary human tests were satisfactory. Witl the aid of the fucilities of the
laboratories of the International Health Division of the Rockefeller Founda-
tion, the vaccine was lyophilized in two forms—as 10 percent and as 1 percent
extract of mouse brain and cord in 10 percent crystalline bovine albumin.
Simultaneous titrations in mice of the frozen and lyophilized 10 percent vac-
cines revenled that the lyoplilized material had ouly one-tenth as much infec-
tive virus as the frozen preparation; that is, that Y percent of the infectivity
was lost on lyophilization. However, tests on 15 persons revealed that the
10 percent lyophilized vnecine produced the same type of reactions (that is,
predominantly rash) as the 15th mouse-passage frozen vaccine, except that
in the 1:10,000 dilution the lyophilized preparation produced rash in only
1 of 3 individuals, and iunnunity to a large dose of unmodified dengue virus
(probably as much as 1 million M.I.D.)in 2 of the 3 individuals. The 1 percent
Iyophilized vaecine was appurently ineffective (probubly more deterioration
on lyophilization) since neither rash nor immunity resulted from the 1:1,000
or the 1: 10,000 doses.

Each vial of the 10 percent lyophilized vaccine contained 1 ml. of the
centrifuged extract of mouse brain and cord, and was to be reconstituted in
20 ml. of saline. Thus, 0.1 ml. of this diluted material (the projected dose
for subcutaneous injection) contzined the mouse brain and cord extract as
well as the crystalline bovalbumin in a final dilution of 1:200, and one vial
would have supplied enongh vaccine for approximately 200 men. This vac-
cine was to be used in a field trial among troops who were being transferred
frcm Europe to the Pacific, but the war fortunately came to an end before
this eventuality occurred.

INFECTIVITY OF A. AEGYPTI MOSQUITOES FEEDING ON HUMAN
BEINGS INOCULATED WITH MOUSE-ADAPTED DENGUE VIRUS

This investigation was prompted by two practical questions: (1) Is it
possible that the virus might revert to its original, unmodified virulence after
passage through mosquitoes, and (2) could A. zegypti mosquitoes transmit
the modified infection after feeding on vaccinated individuals at certain pe-
riods after inoculation? The following results were obtained:

1. A. aegypti mosquitoes which fed on the human volunteer inoculated
with the 2d and 3d mouse-passuge virus (that is, before fixed modification
had occurred) during the period of low-grade fever produced unmodified
dengue in another volunteer after an extrinsic incubation period of 22 days,
but not after 15 days, even though 40 mosqnitoes fully engorged.

2. A. aegypti mosquitoes which fed on people inoculated with the 10th
monse-passage virus acquired the capacity to transmit the modified infection ;
that is, the bitten volunteer developed only the rash and leukopenia wirhont
fever or other significant symptoms.
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3. Extensive tests carried out on students, inoculated with the 15th mouse-
passage virus, indicated that several lots of A. aegypti mosquitoes, which had
fed daily on the experimental subjects for 14 days after vaccination, were
unable to transmit the infection even after prolonged extrinsic incubation
periods of 29 to 33 days. With 22 to 42 mosquitoes engorging in the tests on
each volunteer, there was no rash or other clinical evidence of infection in
any of the 14 men who were exposed in these tests.

CULTIVATION OF MOUSE-ADAPTED DENGUE VIRUS IN CHICK
EMBRYOS

No success was achieved in the cultivation of dengue virus in chick embryos
until the virus had undergone approximately 16 consecutive passages in mice.**
Attempts to propagate the mouse-adapted virus, using passages 4, 5, and 13,
in fluid or plisma clot cultures containing mouse embryo brain tissue were
unsuccessful in that no virus pathogenic for mice was demonstrable after
1, 2, or 3 passages. When the 13th passage mouse-adapted virus was used for
inoculation of 6- or 10-day-old chick embryos which were subsequently
incubated for 8 or 4 days, respectively, at 37° C., no mouse-pathogenic virus
was demonstrable after one to four serial passages. The results were the same
when the inocula were introduced into the yolk sac or embryo, allanteic or
amniotic sacs. When the 13th passage mouse-adapted virus was inoculated
directly into the brain of 10-day-old embryos which were subsequently incubated
for 7 days at 37° C., mouse-pathogenic virus was demonstrable in the chick
embryo brain tissue in the first passage, but not in the second. Repetition
of this procedure with 16th passage mouse-adapted virus yielded negative
results even in the first passage. When the 16th or 18th passage mouse-adapted
virus was used for inoculation (toward the embryo) of 5-day-old chick embryos
which were subsequently incubated for 8 days at 37° C., mouse-pathogenic virus
was demonstrable in whole embryo extract of the first passage in tliree separate
geries. In only one of these series, however, was virus demaonstrable in the
second passage, but even in this series it was no lunger present in the third
passage when the incubation was at 37° C. It was found, however, that
incubation at 35° C. was more suitable for the serial propagation of the virus,
so that it has been possible to demonstrate appreciable amounts of virus in the
third passage of at least two serivs. There was some indication that 4 or 5
days of incubation was not as good as 8 days, and that while the virus was
present in the amniotic membrane as well as in the whole embryo, little or no
virus was found in the amniotic fluid. .

It finally proved possible to obtain continuous cultivation of the virus in
embryonated eggs when 5-day-old embryos wers used for inoculation and a

“ iteport, Capt. R. W, Schlesinger, MC, and Lt. Col. Albert B. Babin. MC, to Meeting of the
Neurotrople Virus Commission, Army Epldemliological Board, 18 Oct. 1945, subject: Dengue Virus in
Chick Embryos.
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period of 8 to 10 days at 35° C. for incubation. Tests in four human beings
with extracts of the third passage whole chick embryo or amniotic membrane
revealed that the virus had remained in its modified form, producing the
characteristic macular or maculopapular eruption after an incubation period
of 9 to 11 days, without fever (except for elevation of 1° F. for 24 hours in
one subject) or other clinical manifestations.

SEROLOGIC TESTS WITH MOUSE-ADAPTED DENGUE VIRUS

After the Hawaii dengue virus became sufficiently adapted to mice to
yield an intracerebral titer of 10~ to 10~ it was possible to develop a mouse
test for the detection of neutralizing antibody. At that stage, no neutralization
of the virus could be demonstrated without preliminary incubation of the
cuixtures at 37° C. for 2 hours, or if the serum was heated at 56° C., for 30
minutes, Neutralization tests performed under optimal conditions (that is,
with sera transported and stored in Dry Ice, and serum-virus mixtures incu-
bated at 37° C. for 2 hours) on sera from human volunteers infected with
various strains of virus and from individuals with histories of naturally
acquired infections in various parts of the world yielded considerable interest-
ing information. Thus, it was established that the neutralizing antibody was
type-specific and appeared as early as 1 week after onset of illness and persisted
for at least 2 years (more recently, at least 4 years) in individuals residing
in nondengue areas. Neutralization tests on sera from people with a diagnosis
of dengue during the Hawaii epidemic of 194344, or the Japanese epidemics
of 194445, revealed that the Hawaii type of virus was probably predominant
in those outbreaks, while similar tests on the sera of Americans who had the
disease on Guam in 1944-45, and from Americans and Panamanians in the
Panama Canal Zone indicated that another type or types of dengue were
probably more prevalent there.

TESTS FOR DENGUE DURING WORLD WAR II

Philippines and Okinawa.—-Large numbers of cases of a febrile illness
(or febrile illnesses) clinically similar to dengue, with the important exception
that there was no rash, occurred in 1945 in the Philippine Islands and on
Okinawa. Inview of the success that was encountered in the recovery of severnl
strains of dengue virus from clinically atypical cases in New Guinen, repeated
attempts were made to demonstrate the presence of dengue virusin patients with
this atypical illness in the Philippines and Okinawa. The serologic tests for
dengue were not yet adequately developed at the time, aud :oliance had to be
placed on the inoculation of sernm, obtained within 21 to 48 Lours after onset
of fever, into human beings in the United States. T'hree pools of sera derived
from 11 patients in Leyte, P.I. (February-March 1945), were subinoculated
into 6 human beings in the United States, and two sera from 2 patients on Min-
doro, P.I. (April 1945), were subinoculated into 2 humau beings in the United
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States hut all the recipieuts renmined well.  Althengh the donor patients
were selected becanse they remained free of junndice, there was, nevertheless,
a grent deal of hepatitis in those regions at the time. It is noteworthy, there-
fore, that the recipients were observed for numy months but did uot develop
jnmdice, The sera of five patients from Qkinawa (June-Angust 1943) were
similarly inoenlated into four humnn beings in the United States with com-
pletely negative results*

Panama Canal Zone.—.\n investigation into the occnrrence of dengne in
Panama during World War IT was earried ont in January and Febrnary 19464
It was found that in 1941 and early 1942, at a time when a grent deal of new
activity was in progress in the Canal Zone and when there was an inflnx not only
of military personnel but also of laborers from adjacent countries, there was a
considerable outbreak in Amerienns of a disease with clinical manifestations
entirely conipatible with a dingnosis of dengue. IHowever, the diagnosis of
dengne was not made, and pructically all of these cnses were fonnd in the files
of the Gorgus Hospital imder the dingnoses of “nasopharyngitis,” “nasopharyn-
zitis with rash,” or occasionnlly “X-Y-Z” fever. However, m 1945, Cupt.
(later Maj.) L. McCarty Fairehild, MC, of the Gorgas Hospital reported a
selected series of these enses as “denguelike fever™ in Pananmn®  An aualysis of
the charts of these patients indicated that clinically they represented classical
forms of dengue. It is of interest that A. aegypti breeding m Ancon, Balboa,
and Pannina City were sufficiently high (indexes of 10 to 17 percent) to justify
warnings regarding intensified mosqnito control. It is furthermore of inter-
est that during this sume period the “great majority” (varionsly estimnted us
80 percent) of the native Panamanian population in Panania City was nttacked
by a disease which was dingnosed for the niost part ns imeasles, German measles,
or glandular fever. Ifowever, some of the Pannmaninn physicians ** snspected
dengue at the time, and this author’s examination of many of the ¢linical records
revenled syndromes clinically churacteristic of dengue.  There were apparently
no further ontbreaks after 1942, but sporadic cases probably continned to ocenr
since fonr clinically characteristic cases were ohserved in Americnns during this
author's visit early in 1946. Neutralizntion tests in mice yielded positive results
with three of eight convnlescent sera from the 194142 outbreak, and one of six
sern from recent convalescents. It would appear that a type of dengue virus,
immnnologicnlly distinct from the IHnwniian strain, may be prevalent in

4 Letter, Lt. Cul. Albert B. Sabin, MC, o P'reventive Medicine Service, Ofice of Tbe Surgeon
Genera), attn: Brig. Gen. Stanhope Bayne-Jonens, dated 23 Dec. 1945, subject: Homan Transmladon
Tests Wiib Sera From F.U.0. Cases on Mlindoro, P.1, During March and April 1945.

@ Letter, Lt. Col. Albert B. Sabln, MC, to Preventlve Medicine Bervice, Ofice of The Surgeon
Gepernl, attn: Brig. Gen. Stanhope Bayne-Jones, dated 28 Dec. 1945, sudbject: De«gue-Like Fever on
OxInawa—Human Transmisslon Tests.

* Letter, Albert B. Sabla, ).D.,, Army Epliemilologleal Board, to The Surgeon General, U.8. Army,
through Chlef, Preventlve Medicine Service, 5§ Mar. 1046, subject: Investigation of Fevers of Unde-
termined Origln I the Canal Zone and Republic of Panama With Speclsl Refercnee to Posslble Eademl-
elty of Dengue and Phlebotomus (Sandfly) Fever,

% Falrehild, L. M. : Dengue-Like Fever on Inthmus of Pansma., Am. J. Trop. Med. 25: 307-401,
September 1045,

8 Rognonl, M.: Epldemic Disease In Panama (Editorial). Boletin Asoclaclon Medica Nacional
Panama 3: 7, 1941,



DENGUE 61

Panama.  This investigation also suggested the possibility (1) that the interior
of Pnnama may be an endemic focus of dengue, and (2) thut the Zlaemogogus
mosquitoes and monkeys in the jungles of Panaina shonkl be investigated as a
possible sonrce of “jungle dengue fever.”

Japan.—According to an inquiry carried out by the writer in Japan n
1946, it would nppear that npproximately 2 million cases of dengue may have
occurred in the port cities of Nngnsnki, Kure, Snsebo, Kobe, aud Osukn bet ween
1942 and 19455  Dengue was said to have been nnknown in Japan before 1942,
and the epidemics were correlated with two facts: (1) These cities were the
ports of entry for people from Shanghai, Singapore, and the Mnlay States
where dengne was prevalent at the thue, and (2) the water shovtage and the
later bombing led te the stornge of water in all soits of containers which became
the breeding grounds for A. albopictus, The city of Osaka with a population
of about 2 million had about 5,000 cases in 1942; 3,000 to 4,000 cases in 1943
400,000 to 600,000 cases tu 19445 und an unknown number in 1943, when, becanse
of the air raids, the population dispersed to the surronnding villages, The
sitnation wns said to be similar in other port cities.  Examination of the clinical
chrts of cases which occurred mmong the hespital personnel in Osaka revealed
the clissical elinieal picture of dengue, and blood obtained from many of these
putients i 1946 nentrnlized the monse-ndapted dengue virus.

Japanese investigators carried ont experiinental studies on dengne during
the war, und many strains of virns were reported to have been adapted to a
variety of experimentnl animals.  Somne of these nninml-adapted viruses were
no longer avnilnble in 1946. Ilowever, of five strains of “dengne® virns which
were snbmitted by several investigators for comparative study, only the three
mouse-ndapted strains recovered by Drs. S. Hotta and R. Kimura of Kyato
turned ont to possess the properties of deague virus; the other two “dengue”
virnses submitted by others turmed out to be Rift Valley fever in one instnuce
and fixed rabies virus in another. The nentralization tests performed with
the Junanese convalescent sera indicated that the Hawaii type of virus was
either prea.minaut in, or exclusively responsible for, the epidemics in Japan,

SUMMARY

Research on dengue in the United States during World War II provided
the following new information of special interest to military preventive
medicine:

1. I’roof of the existence of multiple inmunologic types of dengue.

2. The loug persistence of immunity to homologons types of virus inder
conditions preclnding reinforcement. of immity by subelinical reinfection.

3. The modifications of the clinical manifestations of the disease which
result from reinfection with a lLeterologons type of virns at various periods
ufter the prinmry attack.

2 Kee footnote 42, p. 54.
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4. The demonstration that, in arens (for example, New Guinea) where
more than one immunologic type of virus is present, fevers of undetermined
origin, clinically not recognizable as dengue, are actually caused by the dengue
viruses.

5. The demonstration that type-specific immunity to dengue is nssociated
with neutralizing antibodies for the virus, which can be used for diagnostic
and epidemiologic survey purposes.

6. The propagation of dengue virus in mice with the resulting appearance
of a mutant or variant strain which could be used for active immunization.

In addition to the discoveries listed, a great deal more was learned about
the basic properties of the dengue viruses. Thus was dengue research brought
from the field into the laboratory, and further progress has been made possible
by work on experimental animals instead of on human volunteers.



CHAPTER V

Filariasis Bancrofti

John Clyde Swartzwelder, Ph. D.

The first epidemic of filariasis in the history of .\merican or other military
forces ocenrred in World War II. The disease, which is ennsed by the filarinl
worn, Wuchereria bancrofti, appeared in American servicemen in epidemic
proportions only in certain Central Pacific islands.! Many of the infections
apperently were acquired on Tongareva or Penrityn Island, Bora-Bora (Society
Islands), Aitutaki (Cook Isnds), Wallis Islands, Tutuila (American Samoa),
Unaln (British Samoa), Tongatabu (Tonga Islands), Apamama (Gilbert
Islands), and Fiji Islands (map 1).

Units of the Army and the Navy were stationed or islands in the Central
Pacific Area. The Army tnsk forces were based on Bora-Bora, Aitutaki, Ton-
gareva, Fiji, and Tonga Islands. The Navy and Marine forces were located
on Wallis, Tutnila, Upoln, nnd Funafuti (Ellice) Islands. As a result, both
services had experience with filariasis?

There were abou! 2,500 U.S. Army admissions for filariasis from 1942
through 1945. One death from filariasis was recorded in an oversen theater
in 194. The data on ndmissions for filariasis in the U.S. Army, by year, are
significant: Three admissions in 1942, 660 in 1943, 1,585 in 1944, and 235 in
1945 (table 15). Qver 12,000 cases of filariasis occurred in U.S. Navy and
U.S. Marine Corps personnel.* The difference between the number of cases
of filariasis in the two services was largely due to the difference in the number
of personnel stationed on the islands where filariasis was a problem.*

Filariasis was of definite military significance during World War II.
From 5 to 70 percent of certnin groups in the Samoan Defense Area contracted
the disezse over a long period. It was estimated that the overall incidence of
infection in American military personnel would resch 30 percent or higher
among exposed troops.® Filariasis was among the leading causes of medical

1(1) Bapero, J. J.: Epidemlological Observations on Filariasis. National Resesrch Councll,
Divislon of Medical Sclences, Commission on Medical Research, Office of Scientific Research and
Development, Troplcal Diseases Report No. 17, June 1944, (2) Sapero, J. J., and Butler, F. A.:
Highlights on Epldemic Diseases Ocrurring In Milftary Forces In the Early Phases of the War In the
South Pacific. J.A.M.A. 127 : 502-501, March 1943.

* Reports on Filariasis Bancroftl 1n American Forces In the Paclic Area, April 1944-Jaanary
1948. by Maj. Jamen 1. Xnott, MC.

2Brown, O. J.: Late Manlifestatlons of Troplcal Diseases. Med. Ann. District of Columbla 16:
123-131 (Mareh) 1947.

¢ Stevens, Frank W.: [History, World Wsr 1]] Medicine—Bonth Pacific Ares, pp. 21-23.
{Offictal record.]

3 See footnote 1(2).
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Mar 1.—Fllariasis bancrofti in the Pacific area—Worid War 11.

evacuation in the South Pacific Area. A significant loss of manpower and of
money resulted directly from the disease. The general morsle of troops within
an endemic area as well as of thiose who had been staged in such areas was
influenced adversely® Intense fear of the disease by troops, almost bordering
on hysteria, constituted an important military probleni. Feer of elephantiasis,
of sterility, and of transniission of the disease to their families, coupled with
the sight of horribly deformed natives, engendeied this attitude. Experience
and greater knowledge of the disease have shown that these fears were
un founded.

The history of two U.S. Army organizations illustrates the loss of man-
power which resulted from the military experience with filariasis. The 134th
Field Artillery Battalion and the 404th Combat Engineer Company (Separate)
were dispatched overseas in April 1942. They were stationed at Tongatabu
from May 1942 to May 1943. The units were sent to Townsville, Australia,
and then to Woodlark Island in July 1943, where they remsined unti] January
1944. Because of the number of men exhibiting symptoms of filariasis, the
units were transferred to Sydney, Australia, and were examined by the staff

¢Malaria and Epldemle Disease Control Tralning Manual No 6, Headguarters, South Pacifie
Area and Force, November 1944, nubject: Fllariasis, Epldemlology. and Conttol.
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TaBLE 15— Admizsinns for filariasie in the 'S, Army, by theater or arca and year, 11042 45

[Preliminsry data hasel on sample tahulations of individual inedical re~ordls]
[Rate expressed as number per annum per 1 (g verage strengthl

194245 l| 1942 1943 ' 1944 1945
Theater of arca

T
| Number mu-i Numlml Rate| Namber| Rate! Nuwler | Rate | Number| Rate

Contlnental United States.....-.

Overseas:
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Central and South Pacl
North America

Latin America_., oo . 5 |
Total overseasd ___ _______ 2,002 { 0.19 3|0.01 €60 | 0.39 1.194 | 0.31 145 | 0.03
et B e b e e e B N s
Tntal Army___.__ _____ .. 2,483 | 0.10 3(0.00 660 | 0.10 1,385 io.no 2[5 003

U Includes North Africs.

# Includes Alasks and lceland.

a1 tea add o P

Norg.—The strengths on which the rates weorc based are mean sirengchs and will vary therefore from the official
strength reports of The Adjatant General.

Absolute zero is indicated by zero in the units column; 0,00 indieates » rate of more thap zoro hut less than 0.005,

ts.

of the 118th General Hospital. A filariasis survey of the two units revenled
evidence of high infection rates: 77 percent and 73.4 percent, respectively, wers
given as preliminary figures, which later were reduced to 65 and 55 percent, re-
spectively.” The Commanding General of the Sixth U.S. Army recommended
that the 134th Field Artillery Battalion and the 404th Combat Engineer Com-
pany (Separate) be returned to the United States for the following reasons:
The combat efficiency of the units had been serionsly impaired; rehabilitation
would extend over an indefinite period of time; the future combat value of the
two units wus highly doubtful; and the replacement of all individuals showing
evidence of filarissis would result in a state of training far below that required
for efficient combat.! The personnel of tiic organizations returned to the United
States as patients in July 1944. When they reached Moore General Hospital,
Swannanon, N.C., the troops had been overseas for 27 months. They had never

7 Letter, Col. R. F. Brown, Mf°, Vleadqoariers, 118th General Hoxpital, to the Chief Surgeom,
Headquarters, U.8. Army Bervices of Supply, Sonthwest Pacific Area, 16 Apr. 1844, subject- Final
Report of Fllariasia SBurvey of 536 Officers and Enliated Men From 134th Field Artlllery Battallon
and 173 Officers and Enlisted Men From 404th Combat Engineer Company (B), inclosnre thereto,
report, dated 15 Apr. 194 4.

s Letter, Lt. Gen. W. Krueger, Headquarters, 8ixth U.S, Army, to the Commanding General,
U.8. Army Forcea, Far Eaat, 8 Apr, 1944, suhject: Return of 134th Field Artlllery Battallou and
404th Engineer Company (C) (8eparste) to the Unlted States, Inclosure thereto.
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been in combat and had been hospitalized for 7 months. The men were con-
fused, apprehensive, and disconrnged.?

EPIDEMIOLOGIC CONSIDERATIONS

An elucidation of the basic factors which contrihuted to the ocenrrence
of epidemic filariasis is appropriate. After the Japanese attack on Pearl Har-
bor, troops of the Armny, Navy, and Marine Corps were rushed to the Samoan
Defeuse Aren. The defenses had to be set up in great haste, and camonflage
and other defense considerations had high priority. The areas which had to be
defended already contained native villages, and soine of the military jnstalla-
tions were placed in the villages and camouflaged to blend into the landscape.
The military anthorities would have preferred to move the native population,
but objections were raised hy the island governments. The defeuse forces
were instructed not to distarb the friendly relations existing between the
civilians and the military forces.

Since 1900, the U.S. Navy has maintained a station on Tutuila Island.
Before 1942, no cases of filariasis had been reported as occurring in military
personnel stationed there, but until then, the number of American personuel
on the island of course was small.  In peacetime, they lived in screened tropical
quarters in a sanitated aren nt a distnnce from untive dwellings. A survey of
the naval station area during the subsequent epidemic revealed a low density
of the filarial mosquito vector, Aeden scutellaris. None of the specimens cap-
tured contained filarial larvae,

There appeared to be a Inck of knowledge of tropical diseases and of a gen-
eral plan for control of mosquitoes. Individual preventive measures against
mosquito bites apparently were inadequnte.!* Mniaria is not endemic in the
Sumoan area so that any fortuitous protection from filarinsis which might have
resulted from malaria and mosquito control measures was lacking.

The task of prevention wns complicated by the problem of diagnosis of
early filariasis. Relatively few plivsicians, either civilinn or military, had
much experience with recognition of the early manifestations of the disease.
Confirmation of clinical diagnosis hy laboratory means during the initinl phase
of the infection is diffienlt and in many cases is not possible. As a result, there
was delay in recogmition of the syndrome of filariasis when it first became
nanifest in troops. Many of the men diagnosed as cases of filariasis probably
were not actually suffering from the disease, and the diagnosis was extremely
doubt ful.

Oune must give full consideration to the fact that the military activities
in the Samoan area were mitiated under conditions of urgency in which tactical

® Letter, Col. J. M. Hayraan, Jr, MC, Chief. Medical Service, Moore General Hospltal, Swan-
nasoa, N.C.. to The Burgeon General, sttn: Tropiea) Disesse T'reatment Brauch. 22 June 1845,
subject : Fllariasis In the 134th Field Artiliery Battallon and the 404tk Combat Engineer Company.

¢ Xee footuate 2, p. 63.

" Report of Medical Department Activities on Altutakl, Cook Islands, 27 July 1944, by Capt
T. D. Eungleborn, MC.
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defense measures demanded highest priorvity, IHowever, the number of cases
of filariasis which developed is evidence that the hazard of filarinsis was not
fully appreciated nor was it adequately anticipated.

E.xcellent epidemiologic investigations were conducted by Byrd, St. Amant,
and Bromberg.?? They observed tlmt as high as 25 percent of the mosquito
species, 4. seutellaris var. pseudoscutellaris, which were collected in the center
of native villages in the Samoan area contained infective lnrvae. As collections
were made at snccessively distant points from the village, the naturnl mosquito
infection rate dropped to zero at a distance of 200 yards. Their observations
indicated that infected mosquitoes had a short flight range and did not travel
far from the site where they had taken a Dlood meal. This suggested ihat the
degree of transmission might largely depend npon the degree of intermingling
of natives and troops.

Epidemic filarinsis occurred in troops only in the Sonth and Central Pacific
islands where the following conditions obtaimed: (1) Mierofilarine of the
parasite were “non-periodic” (actually dinrnal), (2) the vector wus a day-
biting Aedes mosquito which was present in considerable numbers, and (3)
there was intimate intermingling of infected natives and troops. In contrast,
filariasis occurred only sporadically in other Pacific islands, such as the New
Hebrides, Solomous, and New Guinea, despite 1he fact that a high incidence
of malaria, another mosquitohorne disense, was acquired by troops in these
islands.!

CONTROL OF EPIDEMIC FILARIASIS

The following measures were taken to control epidemic filariasis: All
units were required to set up a mosquito control organization. Each unit
supplied enlisted men and a noncommissioned officer who worked under the
direction of a mosquito control officer. Malaria control uuits were diverted
from malaria control to filariasis control. Insect repellent and insecticides
were made available in adequate supply. Camp areas were moved as far as
possible from native villages. Troops were prohibited from visiting villages,
and natives were excluded from camps. When the tactical situation per-
mitted, as many troops as possible were removed from the islands. It was
recommended that troops which remained were to be rotated to temperate or
nonfilarial islands after a period of 10 to 12 month’s duty.* The precipitous
decline in the number of reported cases of filariasis in the latter part of 1944
indicated that effective measures were being taken to prevent infection with
or to avoid exposure to filariasis.

A striking example of tke value of obeerving the principles of military
sanitation was demonstrated by Lt. Gen. Thomas E. Watson, U.S. Marine

7 Byrd, E. E., 5t. Amant, L. £, and Bromberg, L.: Studies on Fllariasis In the Samoan Arra.
C.8. Nav. M. Bull. 44 : 1-20, Jasuary 1945

3 Nee fontnote 1{1), p. 61,

1 Lelter. Maj. Gen. Normaa T. Kirk. The Surgeon General, U.8. Army. tn the Counmanding
General. South Pacific Theater. attn: The Burgeon, 5 Nov. 13, subject: Filariasis. First Indorse-
ment thereto, dated 21 Nov. 1943,
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Corps,'® on the island of Upolu. About 90 percent of the forces on this island
were located in a camp around a large airfield. Natives were prohibited from
entering the military area. Effective mosquito control measures were carried
out in the camp area. Only rare cases of filariasis developed in the men in
this camp, aud these infections probubly were not acquired in the cminp area.
Abont 10 percent of the island garrison were stationed at defense positions in
the town of Apin and at outlying radar posts. These troops were located
near natives, nnd a number of the personnel acquired filariasis.

The troops on Funafuti escaped filariasis due, in part and indirectly, to
aerinl attncks by the Japanese. The island was bombed by the Japauese
severnl times soon after the first American troops arrived. The natives were
moved to another island 8 miles away for their sufety. Subsequently, there
was an ontbreak of dengue fever. In order to control this disease, a mosjuito
control program was undertnken. Later, when the island was surveyed, not
a single A. scutelluris mosquito wns found.*®

In March 1944, Maj. James I. Knott, MC, was assigned to investigate
filariasis in the Pacific and to make recommendations in regard tv prevention
and dingnosis and to management of coses already contrncted. Ile submitted
a series of reports, which inclnded a review of the filarinsis problem in the
Samoan area and survey data on filnriasis aniong native reservoirs of infee-
tion on many Pacific islands.*?

P'revention of filariasis was not limited to the prevention of new infec-
tions. .\ wise precantion was tnken to mininmize the possibility of the develop-
ment of complications which might result from exposnre to infection over n
long period of time. Tropical diseases, such us filnriasis, which are liable to
exacerbation or serions aggravation npon reinfection were designated as dis-
qualifying defects for duty in tropical areas ** and later for any oversea area.’

The disputeh of prisoners of war from Pacific islands where filariasis is
beavily endemic to Hawnii and to continental United States raised the question
of the possible hazard of introduction of the disease into these nenendemic
nreas. Between June 1945 and the cessation of hostilities in August 1945, over
4.000 prisoners of war fromi Okinawa were received in the Hawaiian Islands.
Microfilaria were fonnd in 16 pervent of the prisoners.> It was promptly
recomiended that any Okinnwan prisoners of war who had reached or who
might reach those arens be retnrned to one of the islands of the western Pacific

1 Kee footnnte 2, . 835

¥ Ree Dotnote 2, p. 63

W (1) Nee foutaate 2. p. 83 (21 Report oa Fllarianls Baneroftl in the Military Forces In the
Pacific Area, 10 Aug. 1945, by Maj. Jamen I Kuntt, MC. (3) Report un Fllarianla Bancrofll In the
Marshall Islands ' Report of a Vislt tn Kwnjalela Atoll. 24 Ang. to R Sept 1944). by Maj. James 1.
Knott. MC. 1 4) Report on Filariaals Bancroftl na the Solomon and New Hebrides lslanda, 2 Dec.
1944, by Maj. Sxmen L Knatt, MC. (3) Report «n Filariasis Bancrofti in New Caleduala aad the
Loyalty Inlands, 12 Dec. 1944, hy Mnj. Jnmen 1. Knatt, MC. (d) Report on Fllarianln In Queeanland,
18 Dee. 1944, by Maj. James 1. Knott, MC.

% War Department Clervinr No. 188, 21 Ang. 1943,

¥ War Department Clecular Noo 2830 11 Nev, 19458

* Mstory «f I'reventlce Mediclue. lleadguarters. ' 8. Army Forees. Middle Pacific. ch. 54.
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or to islands which are relutively uninhabited and where introduction cf the
disense wonld be of small consequence.*

The existence of numerous potential mosquito vectors of W, bancrofti in
the contiuental United States and in Hawaii has been demoustrated by many
investigators.”> However, there appeared to be little reason to fear the estab-
lishmeut of filariasis in the United States by reason of retnming servicemen,®
The Army has maintained a followup of men infected with filaviasis to deter-
mine whether nny appreciable number would show microfilariae in the blood
at a later date. Microfilurine have been found in the peripherul blood iu only
a very few of the infected veterans. At one time, filavinsis wns frequently
encountered in the United States, having been imported witl: slaves from
West Africa. However, the disease wns unable to perpetuate itself in this
country and disnppeared spontaneously abont 1925. This experience coincides
with a similur episode in Queensland, Australia, where the disease was iniro-
duced by infected laborers fromn some Pacific islands and from China. From
the past history of filariasis in the United States and in Australia, one cun
predict that filariasis will not become endenic in this country despite thie veturn
of infected military personnel from overseas.

DEVELOPMENTS IN FILARIASIS CONTROL DURING WORLD
WAR 11

A valuable thongh expensive lessou in preventive medicine can be gnined
from the military experience with filariasis bancrofti in World War II. New
medical weapons for the prevention and control of filariasis have been
developed. Use of the lessons derived from the epidemic of filariasis in troops
and of the new developments of value for the prevention and control of tlhe
disease should militate agninst a repetition of the past military experience with
filariasis banerofti.

%t Letter, Col. Arthur B. Welah, MC, Headquarters, U.B. Army Forces. Middie Paclfic. to The
Surgeon General, U.8, Army, 3t July 1943, subject : Fllarlasia In Okinawan Prisoners of War. Firat
Indorsement thereto, dated 14 Ang. 1945.

2(1) Newton. W. L., Wright, W. H., said I'ratt, ).: Experimenta ta Determine Potential Monqulto
Veetors of Wuchereria bancrofti In the Continental Unlted States. Am. J. Trop. Mcd. 25: 253-261.
May 1943. (2) Beott, O. K., Richards, C. 8, and Beaman, E. A, : Experimental Infectioa of Southern
California Mosqultoes With Wuckereria dsncrafti. J. Parasitol. 31: 195-197, June 1945. (3)
Newton, W. L., and Pratt, 1.: Experimenta to Determine Potential Mosquito Vectors of Wuckereria
dencrofti In the Continental Unlted States. Am. J. Trop. Med. 26: 699-706. feptember 1946,  (4)
Nelson, E. C.. Webb, J. E.. Bayllus, M., and Starkey, G. 8.: Btudles of Filariarls: Dlevelopment of
Wuchereria bdencrefti 1a Ouics guinguefascisius of Oabn. Am. J. Trop. Med. 26: T07-713, Beptem-
ber 1948, (3) Eyles, ). E, and Most, 11.: Infeectlvity of Pacific Island Wuchercria bdaacrefti to
Monqnitoes of the United States. Am. J. Trop. Med. 27 : 211-220, March 1847,

(1) Coggeshall, L. T.: Filariasia In the Servicemaa : Retrospect and Prospect. J AMA. 131:
8-12, May 1948, (2) McCoy, O. R.: Fllarlasin in Mllitary Personnel. Trop. Med. Newn 3 (No. 29
4-8, Aprll 1948. (3) MeCoy. O. R.: Public Health 1lmplications of Tropical aad imparted Diveanes ;
1mported Malaria. Am. J. Pub. Health 34: 15-19, Jaauary 1944. (4) McCouy. O. R : Precauntions
by the Army to Prevent the latroductioa of Tropleal Diseasea. Am. J. Trop. Med. 26: 251 338,
May 1948. (5) Browa, H. W.: Current Problema la Filariasla. Am. J. Pub. H alth 35: 607 6113,
June 19405.
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Segregntion of troops from natives is of extveme importance to avoid
transmission of the disease to military persomnel. Control of the mosquito
vectors, which may differ in various areas in regnrd to species and to breeding,
resting, and feeding habits, is requisite. Mosquito control measures si:ould be
directed not only at the destruction of adult mosquitoes but also at the elimina-
tion of breeding sites of the agmtic stuges. New insecticides, inclnding DDT,
which bave residual action against adult mosquitoes, have improved the means
for mosquito control.** TField studies of the effect of DDT residual house
spraying have been conducted in one endemic aren of filariasis where Cules
quinquefasciatus was the vector. The spraying program resited i a redue-
tion in the number of mosquitoes, a decrensed filarial imfection rate of the
insect vector and a fall in both the incidence of microfilaria-positives and the
number of microfilariae per case in the DDT-sprayed nrea.®* Nwumerous U.S.
Army medical publications concerning the use of DIYT have heen published for
gnidance of all concerned with disease vector control**  Tmproved mosqnito
repellents afford more effective protection of troops against the bites of mos-
qnitoes.* Individual nerosol insecticide dispensers and mobile aerosol geaer-
ators should facilitate the destruction of adult mosquito vectors and increase
the protection of troops from filarial infection. \dequute screening, use of bed
nets, and wearing of full-length clothing are of obvious value,

Recent evidence has been presented which mdicates that transmission of
filariasis in Amertcan Sawoa may be primarily in the buslhy, along the trails, and
in the plantations. The possible role of these types of environments in otker
Pacific islands, where this same infection and same mosquito vector oceur,
should be considered in relation to prevention und control of this disease.

The discovery that Hetrazan (diethylcarbamazine) causes a reduction or
complete disappearance of microfilarine from peripheral blood may offer a
valuable new approach to the control of filariasis.?* Field trials of Hetrazan
for the control of filariasis have shown that significant reduction in total micro-

%#(1) Andrews. J. M.. and Slmmona, 8. W.: Developments In the Use of the Newer Orgaule
insecticldes of Public ilealth Importance. Am. J. Pnb. Health 38 : 613-631, May 1948. (2) Andrews,
J. M.: Advancing "rontlers In 1nsect Vector Control. Am. J. Pubh. H-slth 40: 409416, April 1930,
(3) Hllnmrn, E. I1.: Publlc Health 1nterests In 1nsecticides, Repellents. Rodenticides and Herhicides.
Proc. 8outh. Branch, Am. Pub. Health A, pp. 9-17, Aprll U9,

%(1) Kobler. C. E.: Fllariasia Control hy DDT Resldual House Spraylng. Balnt Crolx, Virgin
1slands ; 1. Operntional Aspecta. Puh. Health Rep. 64: 857-862, July 1949. (2) Brown, H. W, and
Wiillams K. W.: Fllariaslx Control by DDT Revidual llouse Spraylng, 8t. Crulx, Virgin island«; 11
Rexults. 1'ub. Health Rep. 64 : Ra3 875, Inly 1949.

%(1) War Department Technleal Bulletin (TB MED) 142, February 1943. (2) War Depart
ment Technleal Bulletin (TB MED) 110, 25 Oct. 1944, (3) War Department Technlcal Bulletin
(TR MED) 184, 17T Aug L43. (4) War Department Technlecal Bulletln (TB MED) 14, 3 Mar.
19044. (%) War Department Technical Balletln (TB MED) 164, June 1945, (8) War Department
Technleal Rulletin (TR MED) 1%2, July 1945,

2 Kolpllng, E. F., and Dove, W. E.: Recent Investigationa of Insecticides and Repellents for
the Armed Forces. Bull. War Med. 5: 776, Auguat 1843,

» fantlago-Stevenson, D.. Ollver-Gonzdlea, J.. and Hewitt, R. 1.: Treatment of Fl'ariaals Ban-
croftl With 1-Diethylcarbamnyl-4-Methylpiperazine Hydrochloride (“Hetrazan”). J.AM.A, 135: TO&-
712, November 1947.
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filaremia and of microfilaria-positives follows the use of the drug® As a
result of therapy, the rate of infected mosquitoes was drastically reduced. Use
of Hetrazan may prove to be an extremely valuable adjunct measure for the
prevention and control of filariasis buncrofti. Treatment of infected natives
which would constitute a reservoir and potential source of infection for troops

may now be considered as a possible means of reducing transmission of fila-
riasis bancrofti.

»(1) Hewltt, R., Kenney, M., Chan, A, and Mohamed, H.: Follow.up Observations on thre
Treatment of Bancroftisn Filariasis With Hetrazan In British Gulana. Am. J. Trop. Med. 30 : 217-237,
March 150, (2) Hewltt, R. 1., White, E., Hewitt, D. B.,, Hardy, §. M., Wallace, W. 8., and Andase,
R.: Th¢ First Year's Results of a Mass Treatment Program With Hetrasan for the Control of
Bancroftian Filariasla on 8t. Croix, Amerlcan Virgin Ialanda, Am. J. Trop. Med, 30: 443452,
May 1950. (3) Maldonado, J. F., Morales, F, J,, Herrers, F. V., and Thlllet, C, J.: The Role of
Hetrazan In the Control of Filariasis Bancroftl. Puerto Rico J. Pub, Health & Trop. Meds. 25:
201-299, March 19350,



CHAPTER VI

Leishmaniasis
Henry E. Meleney, M.D.

The two general types of leishmaniasis, cutaneous and visceral, are entirely
different clinically, and somewhat different in geographic distribution, Their
occurrence in the U.S. Armed Forces during World War II is, therefore, pre-
sented separately.

CUTANEOUS LEISHMANIASIS

Cutaneous leishmaniasis includes two main clinical forms: Oriental sore,
caused by Leishmania tropica and occurring in the Old World, and the mucocu-
taneous form caused by Leishmania braziliensis and occurring in tropical
America. The two forms are not tabulated separately in the tables which
follow. but it can be assumed for practical purpcses that only those cases
admitted to installations in Latin America were the mucocutaneous form.

Table 16 presents the recorded incidence of cutaneous leishmaniasis among
U.S. Amy active-duty personnel by theater and year of admission, 194245,
based on sample tabulations of individual medical records by the Medical
Statistics Division, Office of The Surgeon General. It includes only inpatients

TABLE 18.—Inctdence of cutaneous leishmaniasis (including mucocutaneous) among U.S. Army
active-duty personnel, by theater or area and year, 1942-46

[ Preliminary data based on sample tabulations of Individual medica] records)
[ Rate expressed as number of cases per annum per 1,000 average strength]

194245 1944 M5
Theater or area oL EE T -
Number | Rate Number | Rate | Number | Rate
of cases of cases of cases
— ! - JAPSS S P
; ‘
Contlnental United Stales . . n!uml...... - olo.ml -;l 0.00
Overseas: l | I
Europe... ... ..c...... 2 ]o.oo 10| 001 10! 0.00
Mediterranean ! 151 .01 0] .02 5. .0
Middle East .| > 21l 52372 B ..
Chins-Barms-Indta.. . ! 12| .03 ul o7y °
Southwest Pacific.. . » ;| ... % 08| ... o
Centralsnd South Facifc. | % | o' TR A 0
North Amerieat......_.. . |o e ‘o e
Latin Americs.—........ . ol e 3| .03 )
T, - —_— T
Total overseas. ...... . oslen ! 3 0 2 | nos 0 ow
ces . T3 TS s T =. = " a3 ;-‘_-'_I=;‘=.’f -
Total APy .ececeennae. ... a oe, 26 | 0.04 B 00
i

! Includes North Africn.
2 Includes Alaska and leeland.

Norz,—Absolute sero is indicated by sero in the units column. 0.00 indicates a rate of more than acro but lees than
0.008.

T18-751—&4——7
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and is, therefore, an nnderestimate, becanse most cases, at least in the Middle
East theater, were trented as outpatients. This will be presented in detail in
this chiapter. Cases were recorded from all theaters of operations except North
America outside the United States. Since cutaneous leishmaniasis is not known
to be endemic in the Southwest Pacific or Central and South Pacific Areas,
cases recorded from those arens either were acquired elsewhere or were
erroneously diagnosed. The accuracy of the duta from other theater: may ulso
liave been affected by troop movements, long incubation periods, and the difii-
culty of diagnosis under military conditions.

Table 16, presenting statistics based on hospital records (WD, MD Form
86ab), shows only 437 cases of cutaneous leishmmniasis occurring in U.S. Ar.ay
personnel in all theaters and areas during the period 1%12-45, and shows that
the largest number of cnses occurred in the Middle East theater of operations.
As stated in the preceding paragraph, these figures are known to be far too low.
-\ more accurate indication of the total number of cuses and their predominant
concentration in the Middle East theater are given in table 17 which is taken
from the Essential Technical Medical Data, Persian Gulf Command, for De-
cember 1944, dated 19 January 1945, The explination of the manner in which
these statistics were collected is, in the words of the chief of the Medicol Branch
of the Persian Gulf Command, as follows:

Leishmaniasis.— Eariy In the month It was noted that the reporicd cases of this dlsease
on the Statistlcai Health Report Form 8Gab were too low In comparison to th¢ number
of cuses that were being treated In the Ahvilz area. Investigation revealed that manj
cases were belng treated on an outpatlent status and were not being carded for record
oniy so tiint they would be pleked up on the 86ab. instructions were immediately lusued
that aif of these cases so {reatedi would be carrled and reported. In addition, all medicai
Instaiiations were to check thelr outpatlent records and submit to this office a report by
months of cases so treated but not previously reported. These reports have been rerelved

and consolidated in this office and the foliowing tabie [tabie 17] lists the totai cases of
this disease slnce October 1943:

TABLE 17.—Incidence of cutaneous lrixhmaniasiz, Persian Gulf Command, by month, Oclober
1943~December 1944
[Rate expresard as number of cases wr annum per 1,000 average strength)

Month and year Number of Rate ") Month and year Number of Rate
cases il canes
!
1943 l‘ 1943—Continued I :
October. ... __ I, L £ T l 4
November.. . I 237 105 . July... el 4 i2 5
December__._ ... ..| 235 83| Augmst.. . .. 6 1
' September. com - 26 9
1044 . October_ .. _. - a5 12
January.. . . i58 | 70 ' November.. .. . 26 12
February _ - 2 32 . December. _. e 41 15
March. . A 24 8 -
April__ e T 4 Total. __ o 888 [ __.__..
May..... ... . .. 2 || ........ |




LEISHMANIASIS 75

The peak rates in November aud Decemnber 1943 und Jannary 194 ocenrred
from 2 to 3 months after the end of the season in which theve was the greatest
abundance of sandflies (Phlebotomus).t It was believed that most of the cases
had been contracted in the vicinity of Ahviz, a town on the Kiariin River near
the head of the Persian Gulf. The acenrvacy of dingnosis of these cases is as-
sured by the report of Ball and Ryan ® on 499 cases at the 113th General Hos-
pital, in all of which Leishmania were demonstrated in stained smears from
lesions. .\l except two of these cases were in U.S. Army personnel.  All except
27 w re treated as outpatients. Ball and Ryan ealeulated that the incubation
period varied from 10 days to 6 weeks. Becanse some of their cases had proved
lesions withiu 3 days after arrival and had spent about a menth in India and
10 days in travsit, they assumed that these cases had originated in India. The
mmber of lesions per patient varied fromn 1 to 29 with an average of 4.3. Since
soldiers often slept naked, lesions occurred on all parts of the body including
‘ingers, toes, and penis.

VISCERAL LEISHMANIASIS (KALA-AZAR)

Table 18 presents the incidence of kala-azar among U.S. Avmy active-
duty persounel by theater and year of admission, 194245, based on sample
tabulations of individual inpatient medical records. The data are probably
fairly aceurate since kala-azar is a severe clinical disease requiring hospitaliza-
tion. A1l of the known cases acquired the infection either in the westevn Med-
iterranean area or in India, in or near Calcutta. Most. and Lavietes ® reviewed
30 of these cases which received treatment or follownp examinations at Moore
General Hospital, Swannanon, N.C. Of these, 15 had originated in India and
15 in the Mediterranean theater. Of the latter, 14 had served in North Africa
and Italy, ov in North Africa, Italy, aid Sicily long enongh before the onset
of symptoms to have acquired the infection in any one of these areas. One
case was apparently contrncted at Nice. In other cases, the men had slept in
huts or trucks in or near native villages in North Africa. Among the cases
from india, two occurred in ofticers who had shared an apartment in Caleutta,
and three others in a company Juartered nt an airbase on the outskiris of
Calcutta.

The shortest known incubation period recorded by Most and La ietes was
12 weeks, and the longest was in a veterun who left the Mediterranean endemic
area 19 months before the onset of symptoms. .\ considerable number of
patients did not develop symptoms until after they had left the endemic area,
and a few not until after they had been discharged from military service. In
two cases which resisted all forms of chemothernpy. splenectomy was per-

" Monthly Sanitary Report. 1'erslan Guif Command. 4 Jan. .944.
*Ball. D, and Ryan. R C.: Cutanevun Leishmanlasis. Bull, U.S. Army M. Dept. 79: 65 73,
August 1944,

3 \ost, 11., and Lavietes. I. I.: Kala-Azar In American Mllltary Perscnnel: Report of 30 Canes.
Medic! e 26: 211-284, Seplember 1947,
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TaBLE 18,—Incidence of visceral leishmaniasis among U.S. Army active-duly personnel,
by thealer or area and yeer, 1948-46

[Preliminary data based on sample tahulations of indlvidual raedical records)
|Rate expressed as number of cases per annutn per 1,000 average strength]

1042451 1984 ' 1945
Theater or area |
Number Number Number
of cases Rate of cases Rate of cases Rate
Continental United States___ . _..._._._. 11 l 0. 00 5] 0.00 5| 0.00
Overseas: |
China-Burma-India . - 34 0 0.08 910.05 25 0.11
Mediterrancan?. . ... .. e 13, .01 81 .01 5 .01
Middle East ___ _ . ! 1 .01 1 02 L. 0
Central and South Pacific.. ... . 11000 11000]........ 0
Other ... .. . .. (RS L) I | PR [ A 0
Total overseas... ..... ... . 49 | 0. 00 19 | 0.00 30| 0.01
Total Army_. e iaaan 60 | 0. 00 24 1 0. 00 35| 0.00

1 Only one case of visceral Jeishmanjasis was reported during 194243; the case was admitted {n continental United
States in 1942,
1Includes North Africa.

Note —Abeolute zero is indicated by zero in the units column; 0.00 indicates a rate of more than sero but less taan
0.008.

formed. One of the patients * was in good health after splenectomy ‘ithout
further chemotherapy. The other patient died 13 months after splenectomy,
which was 5 years and 3 months after the initial diagnosis, with repeated
courses of chemotherapy.® ZLeishmania were still demonstr.ible in the organs at
autopsy. All other known cases apparently were cured after one or more
courses of chemotherapy.

TRANSMISSION

The vectors of Leishmania are known to be various species of the sandfly
Phlebotonus. Phlebotomus papatasii has been incriminated in the transmission
of oriental sore in the Middle East and Phlebotomus argentipes in the trans-
mission of kala-azar in India. Epidemic'logical and entomological ~tudies by
Hertig and others, during World War 1X, showed that P. papatasii was con-
stantly associated with outbreaks of sandfly fever amongst U.S. Army troops
in the Middle East and in Sicily, and, at the same time, experimental studies

<« Burchenal, J. H., Bowers, R. F.,, and Haedicke, T. A.: Visceral Leishmanlasis Complicaled by
Severe Anemia -1lmprovement Foliowing Rplenectomy. Am. J. Trop. Mel. 27. 699-T709, November
1947.

" Personal communleation, Harry Mus M.D., Professor of Preventive sfedicine, New York Unl-
versity Coll‘ge of Medicine, to Henry E. ).eleney, M.D.,, Research Professor of “fedlcine, Loulsiana
State Unlversity, Sebool of Medieine, 22 vi.:. 1953,
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by Sabin and associates proved that I°. papatasii was capable of trancmiiting
the virus, while certain mosquitoes were unable to do so. (See pp. 119, 121 and
pp. 142, 148.)

Reservoir hosts probably play an important part in mainteining Leish-
mania infections in certain areas, wild rodents for oriental sare in the Middle
East, and dogs for kala-azar in the Mediterranean region.

PREVENTIVE MEASURES

No special measures of control were employed against leishmaniasis,
although measures taken against sandfly fever, which was very prevalent in
the Persian Gnlf Command, were undonbtedly effective in the prevention of
leishmaniasis. These measures consisted of the use of the sandfly net (30
meshes to the linear inch), insect repellent (Rutgers 612 (2-ethyl-1,
3-hexanediol ), dimethyl phthalate, and Indalone (butopyronoxyl), or a mixture
of the three), pyrethrum sprays, the Freon-pyrethrum Aerosol, and, beginning
in 1944, residual spraying with DDT. It is probable that the use of these
neasnres was responsible for the lower incidence of oriental sore in the Persian
Gulf Comniand during the last few months of 1944,

Hertig made experimental studies of Phlebotomus control with residual
DDT, first with Fairchild ® in Peru in 1943-44 and later with Fisher? in
Italy and Palestine. It was found that, because the F?hlebotomus flies in short
hops with long panses. it was possible to protect inhabitants of bnildings by
spraying the insides of rooms, all openings, and the ouier walls for a foot or
two around the openings. Results of experiments in tents, though incomplete,
indicated comparable results. Area cantrol within a radius of 100 to 200 yards
of habitations was obtained by spraying structnres such as loose-lnid stane
walls, which serve as breeding or resting places, and places where Phlebotomus
would alight in flying toward a blood meal.

A survey by Hertig® in Greece, Crete, and Italy in 1949 indicated that
residual DDT spraying for the control of malaria had reduced 2’Alebotomus
tremendously.

The ease with which Phlebotomus can be prevented from biting man in
permanent installations by residual DDT should make this procedure the
principal means of protection against this insect in future military operations.
Application of DDT on 18-mesh bed nets should obviate the necessity for the
special sandfly net. Insect repellents will still be useful where other nieasures
are unavailable,

¢ Hertig. M_, and Falrehild, G. B. : The Coatrol of /’Alebelomua In Pern With DDT, Am. J. Trop.
Med. 28: 207-230, March 184R.

" Hertig, M.. and Fisder. R. A.: Control of Sandfiles With DDT. Bull. U.R. Army M. Dept. 88:
97-101, May 1945,

S Hertlg, M.: Phlebotomus and Residual DDT in Greece and Italy., Am. J. Trop. Med, 29
773-809, Beptember 1949



CHAPTER VII

Plague

KarlF. Meyer, M.D., and Oliver R. McCoy, M.D.

The history of plague calls attention to the unpleasant truth that for
centuries the waging of wars has contributed to its rise and spread. The
plague of Moscow in 1771 was directly related to the return of Russian troops
infected by Turkish prisoners of war as early as 1769. At the beginning of
the 19th century, plague still lingered in the Levant, and Egyptian troop
movements imported it in 1820 into Greece.

During the wars of the past 50 years, however, plague has played a
negligible role. It did not occur among U.S. Army personnel during World
War I, even though plague infected civil populations in the vicinity of troops
in the Azores, Africa, and the Middle and Far East. There were, however,
in the British Middle East Force,' 26 cases of bubonic plague with 5 deaths (19.2
percent) involving 12 Indians, 6 East African natives, 5 British, 1 Italian,
1 % Cape colonred,” and 1 European Jew,

PREVENTIVE AND CONTROL MEASURES

Military operations took American troope to regions where the risk of
plague was extensive and constant. They encountered both the endemic and the
epidemic form. The extent of plague in areas occupied by military personnel
wil! be described in general terms, and the procedures of control will be biiefly
outlined,

An energetic attack on plague in the civilian populations of the areas where
the soldiers were compelled to live was adopted as a general policy. Army
medical officers were able to spply new methods of control made possible by
discoveries in allied fields during the war. Traditional plague control directed
against the animal reservoir, the rat, by energetic trapping, poisoning, elimina-
tion of their breeding places, and curtailment of their focd supply, was grad-
vally displaced by flea disinfestation of premises and persons with the insecti-
cide DDT. The Preventive Medicine Service, Office of The Surgeon General,
made its greatest contribution to the control of plague by applying for the
first time this new spproach.

$Nackay-Dick, J.: Brief Report ou 36 Cases of Bubenic Plague With Rewults of Treatmeat.
J. Rey. Army M. Corpe 85: 103108, Septomber 1943,
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Zone of Interior

Periodic exacerbations of endemic rat plague in 1943 and 1944 in the port
of Tacoma, Wash., offered a chance for the spread of infection. The p=rma-
nent endemic of sylvatic plague in the aren of the Ninth Service Command
was recognized as another possible source of danger to troops. Rodent
control nieasures carried out in close cooperation with the U.S. I'ublic Health
Service and the health departments of the various States minimized these
potential hazards. Field studies conducted by the staff of the George Williams
Hooper Foundation, San Francisco, Calif., incident to these control measures
led to valuable ecologic observations. It is not generally known that pools
of fleas and organs of rats (Raftus norvegicus) were systematically tested,
particularly in the western seaports, and that latent plague was discovered
in these specimens in the City of San Francisco, Oakland, and near Richmond,
Calif. (1943), and Tacoma, Wash, (1942—44). Ectoparasites or tissues from
rodents at Fort Cronkhite, Camp Mendell, and Fort Baker, Marin County,
Calif. (1942), at Fort Ord, Calif., and the Hunter Liggett Military Reserva-
tion, south of Salinas, Calif., and near Gowen Field, Idaho, carried the plague
bacillus. Extensive wild rodent surveys conducted by the California Stats
Department of Public Health during 1942 demonstrated new pockets of syl-
vatic plague in counties not previously known to be infected and frequently
located in the vicinity of airfields or ammunition storage places. New foci of
wild rodent plague, rodent hosts, and flea vectors were uncovered by the Plague
Suppressive Service of the U.S. Public Health Service in Montana, Wyoming,
Colorado, North Dakota, and New Mexico. Intensive and thorough traditional
control measures through poisoning as a rule reduced the rodent population
toa low level and greatly diminished the risk of infection.

The incidental observation was made that in followup studies at Foit
Cronkhite during October 1942 latent tularemin infection was discovered in
rats (R. norregicus), harvest mice (Alicrotus ealifornicus), and field mice
(Peromyscus maniculatus). Although the rodents were present in casemates,
clinical infections in man were not evident. This apparent low communi-
cability is of interest in view of the report on tularemia among German troops
during the siege of Stalingrad.*

The Fort Ord epizootic sylvatic plague area yielded many pools of in fected
fleas and diseased squirrels. In 1942, burrows were thoroughly treated with
carbonbisulfide, thallium-coated grain, and zinc phosphite poison. In addition
to this, the ares was freed of aquirrels by shooiing during a period of 8 months.
Through splendid cooperation with the military authcrities, the California
State Department of Public Health and the George Williams Hooper Founda-

o BogendOrter, L., Saleek, W.. and Kairies, H.: Uber das Aufreten voa Tularimbeark ng
an der Ostfroat. Dewt. Mildirast. 7: 000-878, November 1842. (2) Gaede, D, and Kairfes, A.:
Uutersuchungen sur Epldemiclegie und Diagnestikx der Tularimie. Deut. Mflthrarst §: 30-39,
Jausary 1948, (3) Schmidt, B.: Der Kiabruch der Tularimie In Europu. Zteehr. £. Hyg. u.
Infektionskr. 127:139-130, ¢ Jau. 104T.
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tion were able to make detailed ecologic siudies and record relevant useful
observations.

TDuring March 1943, plague was mnexpectedly discovered in harvest mice
(M. californicus). These rodents had apparently taken over the function of
the reservoir hosts and thus inaintained the infection while the squirrels hiber-
nated. Similur ecologic adjustments incidental to the eradicative measures
directed primarily against the squirrel (Citellus brecheyi) were encountered
at the Hunter Liggett Military Reservation and other arens in California.

In September and October 1042, Pasteurelia pestis was found in fleas
collected from rats trapped on the waterfront of Tacoma. Vigorous orthodox
control measures were instituted by the U.S. Public Health Service agninst
a heavy rat population, and plague was found in rats in that area for the last
time in this epizootic in May 1943 However, after nearly a year and a half
of testing, during which specimens were not positive, infection was agnin
reported in October 1944 in fleas and subsequently in tissues from rats and
mice.* The last reported positive specimens were collected in December 1944,

Although the exact origin of rodent plague in Tacoma has not been
determined, inductive evidence strongly incriminated grain shipments from
localities of eastern Washington known to be foci of sylvatic plague. The
original positive specimens were taken from an area heavily infested with
rats, where railway cars filled with grain were unlonded.* The transfer of
plague from forest rodents to those that inhabit man’s living areas has recently
been definitely proved.®

Finally, toward the end of World War II, vessels coming into New York
from foreign ports were heavily infested with rats.” The usual vigilance over
rat infestation in war zones, which had banished shipborne plague between
1935 and 1940, had apparently been dangerously relaxed. Although it was
suspected that the French steamship Wyoming from Casablanca, French Mo-
roceo, carried an infected rat in January 1943, the infection did not spread to
American ports throngh this channel. Proof was never established that the
rat was infected,

Study and coutrol measures in the United States, then, were carried out
cither cooperatively or independently by the Army, the U.S. Public Health
Service, various State departments of health, and the George Williams Hooper
Foundation. Control measures to protect military personnel against plague,
beyond the customary precautions in seaports and epizootic areas, centered in

SHundley, 3. M., and Nasi, K. W.: Anti-plague Measures I1a Tacoma, Wash. Pub, Health Rep.
80 : 13391218, 22 Sept. 1944.

¢ Hampten, B. C.: Plague Infection Reported In the United Staten During 1944 nnd NSummary of
Humana Cases, 1900—44. Pub. Health Rep. 00 1561-19¢8, 1¢ Xov, 19485,

3 Roe foatuete 4.

S Meyer, K. 7., and Heldenrind, R.: Rodeats and Vieas In & Plague Eplsostic In s Rural Aren of
Califernia. Puerto Rics J. Pub. Health 24 : 201-200, Mareh 1949,

1(1) Olessn, R.: Increase of Rat Infestation ea Vessels Coming te New York. Pub. Health Rep.
60: 1295-1296, 2 Nov. 1945. (2) Oleaen, R, and Stene, J. L.: Increass of Rat Infestation o Ol
Tankers. Pub. Health Rep. 60: 12041301, 2 Nev. 1943,
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the destruction of rodents in and around military bases in the West. The
threat of plague originating in the United States, certainly of no great military
significance during the war, was in all probability reduced by vigilance and
by decreasing the number of rodents in inhabited areas,

Hawaii

During 1943, 1944, and 1945, human plague was, after a silent period of 3
years, again reported from the Hamakus District on the Island of Hawaii—
seven fatal cases in 1943 and seven cases with five deaths in 1944. From May
1043 to April 1944, the flea index (Xenopsylla cheopis and Leptopsylla segnis
Schinherr) rose from 0.17 to 0.61, and infected deid rats (mostly R. kawaiien-
sis, few R. norvegicus) were found with increasing frequency; for example, 12
in February and 12 in March 1944, The personnel of the Territorial Board
of Health vigorously attacked the problem through a three-phase field pro-
gram. A total of 4,619 persons were inoculated with the Army type of plague
prophylactic. By extensive poisoning and gassing operations and community
sanitation, rat-free zones were established in and around the infected area,
while the rodent population was held at a low level in the epizootic area. Trap-
ping operations were used primarily to determine whether or not the infection
was spreading. The limited nature of the outbreak was treated expectantly
by the Armed Forces. Air Force personnel and employees who had occasion
to enter the Hamakua District had been inoculated with plague vaccine.

Azores and East Africa

In 1942, small detachments of U.S. troops exposed to old, permanently
active foci of endemic plague (16 cases in 1042 and 55 cases in 1945) in the
Azores around Ponta Delgada and in the District of San Jose were included
in protective measures taken by the British against the spread from the local
civil populations® Military personnel were restricted to the areas where rodent
control programs were in operation and were immunized with killed plague
vaccine prepared according to the method of Schiitze at the Lister Institute in
London. Similar control measures were taken in Kenya where the natives had
suffered high losses in 1941 and 1042 (781 and 764 cases, respectively). Im-
provement of conditions was rapid; only 16 cases occurred smong the natives
during 1943 and 13 during 1944, The infection was confined to the Rift
Valley and the Central Province. Although epizootics among field rodents
had been obeerved, there is no sure proof that sylvatic plague was responsible
for the outbreaks.®

SStewman, K.: Synopels of Epidemics in Rurope. V. Mediterraneen DPeninsula. Epidemiol.
Inform. Bull. 3: 493-502 Juse 1948.

SKaul, P. M.: Prevalence of Plague in the World in Recent Years. Epidemiol, & Vitul Statist.
Rep. 2: 143-1635, August 1949,
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Dakar

During 1943, there was a small outbreak of plague among natives in the
area of Dakar, French West Africa. The airport of the Air Transport Com-
mand was within the range of wandering infected rodents, a real! danger.
Rodent control measures were instituted at the base, resirictions were placed
on movements of U.S. Armny personnel in the area, and permanently assigned
personnel were inoculated with U.S. Army plague prophylactic. In addition,
aircrews whose duties required frequent trips out of the area were inoculated
with protective preparations before leaving the base.'?

In April 1944, a case of plague occurred in an arsenal guard who had
been occupying a guardpost adjacent to the crowded harbor area. Despite
the quarantine of the arsenal area and attempts at disinfestation, six addi-
tional workers in the arsenal had caught the infection by 15 May, and by the
middle of the summer, the incidence had reached alarming proportions.* The
outbreak from April to November consisted of 567 cases, 91 percent of which
were fatal. All patients, except one Syrian and three French Europeans, were
native Negroes. Rapid expansion of the population due to the war brought
about extreme congestion, and since there were no sanitary facilities, infesta-
tion with vermin, rats, and fleas was universal. Crowded housing conditions,
daily intimate contact at the markets, and visiting were conditions ideal for
transmission of the infection. It was suspected, but not conclusively proved,
that the human flea Synosternus pallidus Taschenberg was the main plague
vector, since the number of X. cheopis, the natural suspect, was quite negligible
in native huts and villages.*

International quarantine measures at the port were invoked by the French
in the form of precautions against movement of rats from ships in the harbor.
The U.S. troops in the area had been inoculated with the Army prophylactic
against the infection. By 6 June 1044, it was necossary for Army medical
officers to declare the entire city “off limits” for U.S. personnel. Americans
entering the area on essential business were required to wear protective cloth-
ing sprayed with a flea repelient. All native employees were inoculated with
the avirulent E.V. vaccine and were required to live on the post and to dust
their clothing and their homes with DDT powder. Those working at the
U.S. Army hospita]l were quartered in the compound and were required to
bathe and change clothes beform work. Homee and offices of all U.S. per-
sonnel and various contract companies were treated with DDT.

The general control measure used by the French health authorities was
disinfestation of the houses and yards of infected patients. Cresol solution

® (1) Letter, Capt. Everett W. Ryan, MC, Headquarters, Seuth Atlantic Wing, Afr Transpert
Command, to the Surgeon, U.8. Army Forces, South Atlaatic, 5 July 1943, subject : Bubsaic Plagwe
Bpidemic at Dikar. (32) Memorandum, Col. §. Bayne-Jones, MC, Acting Director, Preveative Medicine
Divisien, Ofice of the Surgeon Generunl, for Col. Paul C. Gilliland, Surgeon, Alr Transport Command,
14 Sept. 1943, subject : Plague Vaccination in Dakar and Marrakesch,

L Lewis, P, M., Buchler, M. H., and Young, T, R.: Plagwe In Dikar. Bull. U.8, Army N. Dept.
£7: 1816, April 1945,

¥ Kartman, L.: On the DDT Coutrol of Synselernus psilidus Taschenberg (Siphonapters, Puliol
dae) In DAkar, Senegal, French West Afriea. Am. J. Trop. Med. 26: 841-848, November 1948.
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to kill both infected fleas nud bacilli was sprayed fiom a firetruck carrying
a tank of the solution. Next, the house and the adjacent structures were
senled and fumigated with chloropicrin gns. Rut burrows and debris piles
were destroyed with sulfur dioxide. This prograni was supplemented by
assistance from the Americans who (sted homes and as many naiives as
possible with 10 percent DDT powder in pyrophyilite.

These focal or spot measures proved to be inadequate. The French
medical anthorities thought that a greater increase in the incidence of the
disease had been prevented, but the Americans thowght that only a cowmpre-
hensive program, eiicompassing at least all of thc native sections of the city,
could control plague.

Late in October, after some delay, an expanded program was instituted:
Médina, the native suburb was divided i:to zones and surrounded ty a cordon
of 200 to 300 gendarmes. “Qutlet stations” were established, and all persons
leaving this area were dusted with 10 perceni DDT dust. Inner cordon
blocks enabled the dusting crew to dust the remaining people house by house;
it was felt that this system covered nearly 95 percent of the population (about
125,000 persons). Simultaneously with the dusting of peaple, treatment of the
floors, lower walls, and beds of the homes, public buildings, and meeting places
with 5 percent DDT spray in kerosene was undertaken. Subeequent extensive
surveys showed that the flea population had been greatly reduced. Of 316
houses found infested uefore spraying, all but 7 werc compleiely free of fleas
2 weeks after treatment.

Entomologic observations on the lethal action vn fleas of 5-percent solu-
tion of DDT in kerosene corroborated the ficld studies at Dakar. Where this
material was sprayed on floors in concentrations of 100 mg. per square foot,
the biting activity of adult fleas was inhibited within 10 minutes. The residusl
effect of both 10 percent DDT powder and § percent DDT in kerosene applied
to floors killed fleas for 64 days.”

Further observations on the control of rat flea X. cheopis with DDT have
been reported. Rats were captured in buildings before and after they had been
dusted with DDT. The flea index was 13.6 fleas per rat before dusting. One
month after dusting it was 0.6; in two instances, it was only 0.2 and 0.5 fleas
per rat, 4 months after dusting.

The large rat population was sampled during the outbreak, and of 10,500
rats caught in wire traps by the French authorities, 3,501 were examined in the
laboratory. Infection was proved in 65 R. norvegicus and Rativs alevandri-
nus rats. Of interest is the fact that two dead cats in the area were found
to be plague infected.

The French Health Service used trapping and gassing as a part of a gen-
eral rat control program. Around American installations, the program in-
cluded poisoning of rats. The use of rat poisons in the native sections was
abandoned because of the danger to children and domestic animals. The

1 See footnote 13, p. 83,
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standard procedure in rat eampaigns in the Dakar area required that mts be
caught alive and drowned in cresol to insure destrnction of Loth fleas and rats.
The French authorities held the opinion that, if rats were poisoned in appre-
ciable numbers and their carcasses were not removed, the flers would leave the
rats and go to man as an alternative host. Consequently, the number of rats
destroyed in Dakar during the ontbreak was never very great. In the light of
this attitnde toward rat extinction, the presnmed accomplishment throngh
disinsectization assumes greater significance,

It is difficult to appraise the effectiveness of the control program in stop-
ping and confining the plague outbreak in Dakar. The seasonal decline of ihe
disease had already started prior to the dusting with DDT. The Inst two
cases of plague occurred on 22 and 25 November. This strongly suggests that
the number of infective vectors had declined naturally during October pre-
ceding the drastic control measures.

An intensive vaccination campaign, with the living attenuated strain E.V.
from Madagascar, was embarked on by the French authorities. The vaccine
was manufactured locally at the Pasteur Institute in Dakar. Over 180,000
natives and 20,000 Eurcpeans were vaccinated. In many Europeans, injection
of 1 ml. of this vaccine in the scapular region produced severe symptoms and
local reactions with tissue slough at the site of inoculation. Among those
vaccinated over a period of 15 days, about 5 percent of the total cnses, the case
fatality rate was 66 percent, in contrast to 85 percent in noninoculated natives.*

The French medical authorities, on the basis of experiences with small
groups of intimate plague contacts, expressed the view that early use of sulfa-
diagine may serve as a prophylactic measure in future outbreaks. During part
of this experience, sulfadiazine was administered in amounts of 20 gm. for
adults and 6 gm. for children over a 3-day period. Before chemoprophylaxis
was instituted, 19 contacts became i1l with plague. After its use, the disease
developed in only one.

Egypt

An outbreak of potential worldwide significance began in 1840 in Port
Said, universal port of call at the northern end of the Suex Canal.’* A few
cases of bubonic plague (1 in 1940, 12 in 1941) precipitated the usual control
mesasures of that time, including vaccination of the entire Arab population,
but their effectivencss was inevitably limited by the heavy traffic through the
port. In 1942, probably for the first time, Port Said was the victim of pneu-
monic plague (9 cases). Diagnosis of “fever of undetermined origin” and
terminal bronchopneumonia were made before the true nature of the disease was
recognised.

In November 1943, a sizable cutbreak of plagne flared up in Suez. By the
end of the year, the incidence had built up rapidly; 397 persons had plague,

1 Rotman, C. M. H.: Bubonle Plagwe in Dakar, J. Roy. Nav. M. Berv. 31:135-138, July 1948,
B Tov .ad, 8. L.: Plagwe (Bubonlc and P ie) in Port Said. J. Roy. Nav. M. Serv. 30:
28-29, Junwary 1044,
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of whom 200 died. The infection prevailed through the spring of 1844 and by
the middle of Feoruary had added another 276 victims and another 1535 deaths.
The overall case fatality rate was 66.1 percent. There were additional cases in
Port Said in April. In all, 1,581 cases were reported in the area during the
winter of 1943-44.

A\ total of 658 U.S. Army personnel and civilians were within 3 miles of
the epidemic area. They were inoculated with Army plague prophylactic, and
the area where the cases were ocenrring was declared “out of bonnds.” Civilian
workers were instructed in methods of rat poisoning with red squill and of
trapping rodents and were told how to obtain the required material. The
floors of the honses were sprayed with kerosene mixtures, Rat-breeding places
were eradicated by pouring kerosene into the hole and by cementing the open-
ings of tlis ratholes in houses.

During January, the Egyptian public health authorities cfficiently executed
the control program by isolating all contacts of patients with pnevmonic plague
and inspecting daily all contacts of patients and of persons found dead. In
February, with the decline of the ontbreak because of natural plienomena, such
as a change in wind direction from the Red Sea to the desert and 2 mean vise in
temperature above 80° F., enforcement of control measures was stopped.

On agreement with Egyptian authorities, Lt. Col. Thomas G. Ward, MC,'*
the Medical Inspector, Middle East theater, was instructed to study the out-
break. It was determined that the outbreak had been preceded by a rise in the
X. cheopis index for B. norvegicus from C.1 in October to 5.1 in November.
P. pestis was detected in rats trapped or found dead. The X. cheopis index rosc
to 13.31 in early December and maintained a level of around 10.5 during the
entire month, but declined to 3.40 during January. The X. ckeopis index curve
was remarkably correlated with the incidence enrve of cases in the outbhreak.
However, as late a8 January 1944, there was serious discussion that the epidemic
was not being caused by rat fleas because dead rats had not beer: found.

At first, the Egyptian public health authorities doubted that rat fleas cnused
the outbreak. Since they were unable to find P. pestis in the pools of fleas, they
advanced the idea that the disease was spread by the human body louse
Pediculus corporis. Lice were collected from the clothing of patients with and
without positive blood cultures and were macerated and inoculated into guines
pige. Results of examinations of many thousands of lice were entirely nega-
tive. When Kafr el Morur became infected, the U.S. Army group demonstrated
plague in 16 of 37 dead rats and proved that pools of fieas collected from these
rats carried P. pestis.

Important clinical and pathologic studies were inade. The cardiac find-
ings are particularly interesting. As a rule, in plague the heartbeats are faint
and rapid. The first sound is almost always mufiled and in many cases 2annot
be heard: in severe cases, early in the disease, it may be extremely difficult to

» Report, Lt. Col. Thomas G. Ward, NC, Medlcal Inspector, Headquarters, U.B. Army Forres in
the Middle Ea:., to the Chief Surgeon, U.B. Army Forces In the Middie East, 31 Mar. 1044, subject :
Epidemie of Plague in Sues, Egypt.
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hear the heartbeat at all. The heart may be enlayged slightly to the right.
With the rise of body temperature, the pulse becomes weak and thready, the
systolic pressure falls, and the beat is difficult to Liear. The muscle is extremely
weak, and on several occasions, death ensned immediately after some physical
exertion. The American investigators attribute these signs to the endotoxin of
P. peatis and consider the cardiac injury to be primarily responsible for the
higher death rate in patients over 45 years of age.

In 142 cases of plague which yielded positive blood cultures, no patients
recovered. Bubonic plague was complicated by pneunionia due to . pestis
in 38 cases; only 4 recovered, a death percentage of 80.5. Al 12 patients with
primary pneumonic plague in the outbreak at Suez died. In the light of reports
on meningeal plague, the finding of plague bacilli in the spinal fluid in several
cases of septicemic plague is particularly significant. Since plague results in
rapid death, the grnss pathologic findings are fow--the characteristic ones
being widespread hyperemia, few petechial hemorrhages, and softening of the
heart muscle.

Opportunity was afforded for treating 56 severely il! patients, Lacterio-
Ingically proved to have plague, with sulfadiazine. Usually, the patients were
treated in the first 5 days of the disease. Of this group, 20 died, giving a case
fatality rate of 35.7 percent. Seven of the twenty died before they had
received 24 hours of treatment with sulfadiazine. The Army medical officers
cautiously expressed the view that sulfadiazine probably has definite value
in the treatment of plague. The course of the disease in patients treated with
100.000 units of penicillin, given every 4 hours (59,600 intravenously and
50,000 intramuscularly), was not altered. The tentative conclusion was drawn
in February 1944 that penicillin is of little value; only three cuses of bubenic
plague and eight cases complicated by septicemin were treatedl.

Palestine

An outbresk of plague in the Levant area of Palestine in September 1044
developed 93 cases with 30 deaths and 38 cases with 15 deaths in 1945. This
occurrence was considered a hazard sufficient to warrant preventive inoculation
with Army prophylactic of U.S. Army personnel and declaring the area out of
bounds. Beyond increasing emphasis on sanitary procedures, additional control
measures were not employed.

North African Coast

As part of a general increase in plague along the North African Coast that
started in Ferryville in the autumn of 1944, a small outbreak of plague at Oran
in 1945 attracted attention.’* The first patient with plague was a dockworker

1t (1) Letter, Lt. Col. Samwel C. Fllis, MC, Surgeon, Headquarters, Mediterranean Base Section,
to Commanding General, Mediterrancan Base Section, 23 Jan, 1845, subject: Plague Sitwation i»
Oran. (2) Letter, Maj. Joseph W. 8till, MC, Headquarters, Mediterranean Theater of Operations,
U.8. Army, te the Surgeon, Mediterrancan Theater of Operations, U.S. Army, 31 Jan. 1048, subject:
Investigation of Paecumonic Plague In Oran,
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who ilied on 6 January 1945 of an illvess originally eonsidered influenzal
pnenmonia with onset on 29 December 1944, In rapid snevession. eight native
dockworkers in rlose nssocintion with this pmtient contracted pnenmonie plague.
Divect spreail by contact inchnled two nurses and n priest attending pntients
in the hospital. Chenmwprophylaxis, 3 gm. of sulfuthiazole dnily, was eiaployed
for 85 divect contacts who were nmintnined nnder gunrd during the period
of observation mi«l treatment. Ovly one became ill, and he recovered.

This favoruble resnlt ix pariicnlarly signifieant in that, for the first time
at Oran, the tinie-bonored, but ruther distressing methad of quarsatining the
contacts of pneumonie plagne and weeilling out those who fall ill was snpple-
mented by chemoprophylaxis. In recent year:, the value of sneh a prophy-
lactic procedure has been amply proved. Sulfadiazive or sulfaniernzine is
preferred to sulfathiazole. The optimal dose and duration of chemoprophylaxis
has nnt been established. The Oran experience suggests that Inrger doses of
snlfonamides than these employed are in all probability desirable.™*

Rodent. control was part of the preventive progrum, although rodent
plague was not found in the Oran wnthreak. Rat trapping at strategic lnca-
tions and examination of the rats for plague were instituted to iletermine the
distribution of plague, DDT in kerosene was nsed liberally in buildings and
living arens. Bedding, clothing, and persons of natives were dnsted with DDT
powder. United States military and civilian personnel were segregated from
native dockworkers. Troops were restricted to post or isolated for appropriate
incubation period before departure. Military personnel were reimmnnized
with Army vaccine, A small number of U.S. Army troops in the vicinity of
Bizerte and Fervyville, Timisin, were inoculated agningt plagne when cases
were reported in the local civil population dnring the latter part of 1944
Other control measnres, including port quarantine procednres, were effected
by the U.S. Navy aund British forces.**

In July 1045, an onthreak of plague, both bubonic and septicemic, limited
to two natives and one Evropean, appeared in Casablanca. The first patient
was a French employeo in a warehouse of the port area where dead rats had
been seen. .American soliliers and personnel of the It1lian service units were
inocnlated with U.S. Army plague prophylactic. Off limits restrictions were
enforced for those who had not been recently inoculated. Entrance to the in-
fected area was prohibited, except on essential business. By arrangement with
the French authorities, a general rodent control program was preceded by
extensive treatment with DDT powder, or DDT in kerosene was applied to
warehouses, buildings, offices, trucks, and ships. Special attention was paid
to protective clothing. These newly developed control mensures limited the
outbreak to a few cases and to a single week.?

# Pollitser, R.: Recent Trends Ia the Treatmeat and Conira) of Plagwe. Acta Trop. €: 3040,
1M9.
# fee foolnole 17, p. A7,

® Essen(ial Techuieal Medieal Data, Headyuarters, Africa-3iddle East Theater, for July 1945,
dated 11 Aug. 1943,



PLAGUE 89

Mediterranean Basin

Through rats, plagne wans reintroduced into Turanto. Ialv?' Ajaccio,
Corsicn, and the island of Tenerife in the Canary Islands during the war.

Corsica had been free of plague until 1945, when between 11 May and 13
June there were 13 cases with 10 deaths.” The island was quarantined, and
the entire popnlation was inoculated with a protective prepmration of killed
bacilli, prepared by the Pastenr Institute. Two incenlations of 1 and £ cc.,
respectively, were given at nn interval of 8 days. Many thonsands of rats
were systematically destroyed by squill and by aivenic acid anhydride, and fleas
were attacked with 5 percent DDT powder. The decline of the epidemic was
attribnted to sanitary measures and to the decrease in the number of fleas
brought about by the change in weather.

Simultanecusly with the reappearance of plague in the eastern Mediter-
ranean, in the Snez Canal, and North African ports, more than 70 cases of
human plague were reported from Malta. Obwervations made in this epidemic
clearly indicate that toward the end of the war plagne entered an expansive
phase and was checked when greater vigilance was made porsible by the ceso-
tion of hostilities.®

China

Plague control was also a problem in the China and India-Burna theaters,
and in the Pacific area, anl was given serions consideration in planning for
the occupation of Japan. The plague outbresk in Yiinnan, southwest China,»
became active in 19432 This outbreak was of mportance to the U.S. Army
becauss the infected area lay astride the Burma Road.

The Yiinnan Valley. a plague center since 1840 and even enrlier, received
the infection from Burma. Fanned by the Mochammedan rebellion of 1855, it
is believed that plague progressed slowly, but incxorably from the border region
of Yiinnan to reach eventually Canton and Hong Kong and be distributed in
1804 to every continent in the world.* It was then, as it was in 1940, that war
created s serious plague situation in Yinnan. Whiie the region appeared free
arounrd 1908 and later, plague appesred in the city of Munginan in 1940, where
a considerable epizootic broke out in February and March. A serious outbreak,
definitely attributable to importation from Burma, developed bet ween Septem-
ber and October 1943 in Lung-ch’usn. Direct and fairly frequented rowtes
connect the towns with the notorious plague center of Bhamo (map 2). Trans-
portation of rice from Lung-ch’uan in July to September led to the spread of
plague inte the Lo Pupa Valley and to Nan-tien in November 1044.

fgchals, K. H.: Contrel of Plague in Tarante, Italy, 1945-48. An ‘ceount of & Suceegsful
Pngn-edlohthtﬂ-h-ﬂu Bull, Werld Health Organ. 2: 675-088, 1900,

Letters : Epidemic of Plague In Corsica. J.AM.A. 120: $84, € Apr. 1546,
'l-mtt,l.‘. Rat Control In & Plagwe Outdreak In Malta. J. Hyg. 46: 10-18, March 1948
NUNRRA, Heslth Division. Plagwe Outbreak in Westera YRinan, China. Kpidemiol. Inform.

Ball. 1: 160-170, 28 Feb. 19485,
S Pollitser, R.: Plagwe and Plague Contrel In China. Chilavse M. J. €8: 328-313, June 1948,
# Meyer, K. F.: The Preveation of Plague In the Light of Newer Knowledge. Ann, New York
Acad. Be. 48: 420-487, 10 Apr. 17
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Plague was also active in the Provinos of Fukien during World War 11,
with an estimated 8,279 cases. The adjoining Irovince of Chekiang had 2088
cases. Both areas lie along the China Cosst abovo Hong Kong and were i
Japanese hands.

Since rats had become extrwordinarily nwmerous in the Kanai {ealled
Ying-kiang or Ying-chiang after 1033) ares, it is nol surprising that plague
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appeared in that region between February and September 1043.2 The rat
epizootics were 80 severe that occasionally several hundred dead plague-
infected rats were found in one corspound. Under these circumstances, it was
to bo expected that the human outbreaks following the epizoatic were ofien
explosive. For example, in Nan-tien in June 1944, a family of 24 was niTected
following an epizootic; 17 contracted plague, of whom 9 died. In at least
80 of a total of 300 villages, the number of victims was estimated at 2,350
and deaths, at 1,350. During 1944 and 1945, various other regions in West
Yiinnan reported sporadic cases of plague, but accurate information is not
available,

The greatest plague threat of the war to Americans came wlen U.S, troops
entered North China. In anticipaticn of difficulties, a detailed program of
control was formulated which included the desirable features of standard
procedures and all of the additional measures derived from diverse experiences
with plague by the Armed Forces in other parts of the world during the war.

In keeping with policies developed by the Preventive Medicine Service,
The Surgeon General urged medical officers of the theater to cooperate with
local and national governments to control the disease in the civil population
in order to reduce the hazard to U.S. troope® Control measures emphasized
principally a rat campaign of traditional pattern readily adaptable to these
regions. However, since the spread of plague at distance is due to transport
of infected fleas, rather than to rodents, the outbreak in Yiinnan smoldered
for over 6 years, until the susceptible reservoir had apparently been exhausted.”

In the later stages of the outbreak, a large proportion of the population
was inoculated with protective preparations containing killed plague orga-
nisms. In Nan-tien Village, 50 percent of the patients with plaguc were
stated to have been inoculated with prophylactics prepared in China.® Dur-
ing the Kanai epidemic, the value of antiplague inoculation was considered
worve than useless. Investigations disclosed that the inoculations wers often
carried out in places which already had bad a very heavy rat mortality and
human plague had already become rampant. Under these conditions, many
of the inoculated fell ill and many of them died. However, most of these
inoculated persons contracted the disease within 2 to 3 days after the first
inoculation, having no doubt already been infected before they received the
prophylactic. If, on the other hand, inoculations were given before rat infec-
tion had gained momentum, or better still before there had been any rat
mortality, subsequent severe episootics did not lead to epidemics, but at most
to sporadic instances of human plague. Statistics attest to the considerably
lower mortality among patients who had been inoculated than among those

® fice fostnobe 23, p. NO.

S latier, 12. Col. R. J. Carpeater, MC, for The Surgeea General, to Commanding General, U.8
Army Yosora, China Theater, 7 Feb. 1545, subjoct : Plague fn China.

™ See fostnete 25 p. 99.

® Polistr.-r, R, and Chen, T. H.: Memerandum on Plague in Wost Yinnaz, addressed to Dr. P. X
Kiag, Directer-Gonerul, Xationn] Health Administration in Chungking, Ching, 1945,
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who had not. Dr. Y. N. Yang's niortality figures were 14.4 percent among
those inoculated with a preparation made under his direction, agsinst 41.4
percent among the uninocnlated. Furthermore, antiplague inocnlation ex-
erted a progressively grenter influence on the therapeutic outenme as the
number of inocnlations increased. In the Kanai regions, snlfathinzole was
used prophylacticnlly, and it was reported that of the untreated 1,250 pa-
tients, ouly 100 recovered, while of the 1,000 treated, only 100 died. Only
one of 27 who suffered plagne died in Nan-tien following the prophylactic
use of snlfadiazine®* Immunization and chemotherapy were apparently re-
sponsible for the low case fatality raie of 23 deaths (22 percent} among a
total of 102 infected. These figures are significant in view of the recent con-
firmation that the mortality of the sulfonamide-treated immmiized group
was less than one-lalf of the fatality rate in the corresponding noninoculated
group.®

In view of the plans for military operutions in endemic areas along the
eastern coast of China, all troops in the China theater were inoculated against
plague early in 1945, and arrangements were made for reinoculation at 6
months’ intervals.

Personnel assigned to bases in southern India were routinely inoculated
against plague because of the endemicity of the disease in nearby villuges.
As a precautionary measure to protect troops operating along the Ledo Road,
the surgeon of Advance Section No. 3, India-Burma theater, established a
plague control organization, using specially qualified personnel from U.S.
Army medical installations located in the area. This organization consisted
of prevention and treatment teams prepared to go into action at the first
sign of a plague outbreak.

SUMMARY OF PREVENTIVE AND CONTROL MEASURES

Experience with the new insecticide DDT, developisd during the war, has
established the principle that attack on the flea is the desirable immedinte
objective in cpidemic control, with attention to the rat as a long-term con-
sideration. Preliminary observations on chemoprophylaxis as a preventive
measure were particularly significant in the epidemic of pneumoric plague at
Oran. These experiences permitted the planning and the adoption of a modern
program of plague control.

The basic principle in modern control of human plague is direct attack
on reported and recognized foci of infection, in contrast to the emphasis on
stopping spread from the areas involved chiefly by quarantine and maritime
sanitation, which are, however, still necessary measures. The essential steps
taken are described under snbsequent headinge.

% Kee footnate 30, p. 91,
® K= foothote IR, p. 88,
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Preventive Measures To Be Instituted in Advance of Known Plague

All military personnel and as many civilians as possible in endemic areas
should be inoculated with the most effective available plague prophylactic.
Protection against infestation with fleas through the use of insecticide powder
or repellents should be encouraged. Rodent survey and control programs
should be initiated by medical unit commanders, preferably in cooperation with
civilian public health agencies. The flea index of the rats should be deter-
mined. Trapped and dead rats should be examined for evidence of plague.
To assure early awareness of the presence of plague, close medical intelligence
must be maintained by unit surgeons and local military government and civilian
public health authorities.

Control of Sporadic and Endemic Plague

The recognition and early diagnosis of sporadic cases and confirmation
by specific laboratory procedures are most important. All infectious material
must be handled with greatest care and examined by experienced bacteriologists.
Concurrent and terminal disinfection should be enforced. Patients should be
isolated and strictest communicable disease techniques used. Attendants of
patients with pneumonic or suspected pneumonic plague must wear hoods with
goggles, coveralls or complete gown with trousers, and rubber gloves. Per-
sons handling bodies of those who have died of plaguc should observe strict
aseptic precautions. Contacts and suspected contacts of a patient with pneu-
monic plague should be disinfected and segregated for 7 days. Chemoprophy-
laxis for contacts is recommended—3 gm. of sulfadiazine (or sulfamerazine)
per day for 5 days.

Ares quarantine includes the enforcement of off limits regulations, traffic
patrol, and disinfestation of military personnel and civilians entering or leav-
ing an infected area. Particular attention should be paid to refugees. The
tendency of inhabitanta to flee to the country and neighboring villages must be
curbed, forcibly if necessary. Personnel departing from plague areas should
be certified free from plague infection and from vermin infestation within 48
hours of departure.

Vessels in contact with ports in plague areas should be protected against
entry of rats. Stepe should be taken to assure that cargo taken on is free from
rats. Rattrapping and poisoning should be continnous on vessels and they
should be subject to inspection and fumigation, or both, by quarantine author-
ities in ports of entry in nonplague areas.

All US. military personnel within the geners! area should receive a stimu-
lating dose of 1 ml. of plague prophylactic.

The most important control measure is directed toward the focal disin-
festation of houses and buildings where plague has occurred. Within s radius
of 100 yards from the infected house, all persons, pets, domesticated animals,
clothing, bedding, and furniture, rat runs and rat harborages should be dusted
with DDT powder. Walls, ceilings, and floors of the houses should be treated
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with DDT rexidual kerosene spray.  When rattrapping leads to the discovery
of plague in mts or of rats with a high flea index, disinfestation should be
extended and repeated. [’ersonnel engaged in plague control should apply
insect repellents to their exposed skin and clothing, including socks. Resi-
dents within or adjacent to a plague-infectad arva shonkl be disinfested
weekly with 10 percent DDT pawder. Hospitals, barracks, messhalls, and
storeroonis of military installations and the quarters, clubs, stores, and common
meeting places of foreign residents adjacent to n plague-infested area shoukl
be kept free of fleas by wse of DDT powder or residual spray.

Rodent control measures—destruction of harborages and ratproofing
measures—and rat extermination programs shonld be carvied out as a sequent
mensure to focal disinfestation. Rat extermination should include trapping,
the use of poison, and fumigation.

Natives from towns and villages where plague is occurring should be inocu-
lated agninst plagne. The number of native employees within the military
installation should be reduced to a minimum. Their quarters should be disin-
fected and each employee examined daily for fever and other evidence of

plague.
Control Measures of Plague in Epidemic Proportions

The measurea to be used do not differ in kind from those required in the
management of sporadic cases, with the exception that special case-finding teams
are required. They make special epidemiologic studies of reported and sus-
pected cases, initiate preliminary and emergency control measures, organise
house-to-house surveys with the help of civilian personnel, assurs inoculation
and disinfestation of all civilian personnel, and aid in providing adequate isola-
tion measures for patients and civilian hospitals.

Theas teams are supported by others entrusted with disinfestation and
rodent control. Local disinfestation of buildings and inhabitants, surveying
the rat and flea population, rat extermination in the infected community and
in nearby military establishments, and organization of facilities for disinfesta-
tion by dusting at roadblocks are their functions. As an emergency measure
a cordon sanitaire may be considered when plague is widely diseeminated and
provided natural barriers such as mountain ranges and rivers favor such a
protective action. All general measures to limit the spread of infection are to
he established promptly.

RESEARCH
Protective Inoculation Against Plague
The numerous attempts and experiments to perfect an immunizing prepara-
tion have been based on the oboervation that survival from clinical infection pro-
tects aguninst & second attack, or at least transforms reinfection into a milder

disease. Unfortunately, the epidemiologic and statistical records of the great
plague epidemics furnish no accurate information concerning the degree of im-
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munity enjoyed by individuals who recover from plague. This lack of depend-
able information has spurred the study of protective inoculation, which has
continuously received attention since Haffkine conducted extensive animal
experiments and tests on human beings with heat-killed broth antigen (from
1896 to 1897).

Study of the publications of the Indian Plague Commission and other
Indian Government reports, particularly the summaries by Taylor,** and by
Wayson, McMahon, and Prince,* makes it seem unqueetionable that large and
repeated doses of the Haffkine prophylactic frequently protects individuals
against plagne. However, it is equally well known that many inoculated per-
sons, including even a number of thoee who had received more than one injection
of the prophylactic, contracted the disease. By 1935, a questionnaire sent out
by the Ofice International d'Hygiéne Peblique brought the general conclusion
that there was little advantage in using antiplague antigens made from killed
micro-organisms. The value of the Haffkine prophylactic was seriously
questioned.

Research was then directed toward developing vaccines containing live
avirulent organisms, Between 1932 and 1940, Otten in Java and Girard in
Madagascar studied the benefits of this type of vaccination. But even a method
of immunization utilizing live avirulent vaccines which, in the animal experi-
ment, assures the best protection, when applied to man clearly shows its ulti-
mate limitations. The reasons are: (1) the immunity after injection is short,
offering no protection beyond 6 to 8 months; (2) one single subcutaneous vac-
cination does not protect against direct aerogenic infection ; and (8) repeatedly
revaccinated persons have died of plague contracted after natural exposure to
this infection. Irreepective of theee limitations, the Netherlands East Indies,
the French colonies, South Africa, China, and Argentina turned their atten-
tion to antiplague vaccination with live avirulent vaccine. India, Egypt, and
several other countries in the British Empire, however, favored the killed
prophylactics.

This was the state of knowledge when the Subcommittee on Tropical Dis-
eases, National Research Council Committee on Medical Research, on 22 October
1941 passad the following resolution : “Resolved that, even though the available
knowledge does not seem to sfford definite evidence of the benefits from the use
of plague vaccine, it is considered advisable to vaccinate with killed plague
bacilli of an approved strain all military or naval personnel under serious threat
of exposure to bubonic plague.”

In March 1942, the author (K F.M.) and Dr. Newton E. Wayson aub-
mitted to the National Institute of Health a brief outline which served as a
guide for the early manufacture of a formalin-killed agar-grown suspension
of plague bacilli in saline. The selection of the strain of P, pestis to be em-

= Tayler, J.: Haffkine's Plague Vaceine. Indian M. Research Mem. No. 27: 3139, Mareh 1933,
% Waysea, N, B, McMahen, M, C,, and Prinee, F. M.: Ax Eviluation of Three Plague Vacrines
Agaiast Isfection fa Guinen Pigy Induced by Natural and Artificial Methods. Pub. Hedlth Rep.
@1: 1511-1818, Octeber 1944,
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ployed, the compositian and preparation of the enlture waedinn, and the methods
for weasuring the relntive protective potency of the antigen vaceine were pro-
posed as snbjects to be investigated.

Throngh the yenrs of tedions experimesttition in senrch of a prophylactic
inoculution agninst plugne, the mnjority of workers lnd adhered to the prin-
ciple that, if it enn be shown that & preparation or fraction of £°. peatiz protects
rats und mice or guiven pigs agninst an experiotentnl infection, this is very
good presuniptive evideuce of its efficacy in Iniman beings. The early studies
on plague viecives conducted at the George Willinms Hooper Fanndation under
contrint with the Committee on Medical Resenrch, Oflice of Ncientific Research
and Development, made use of this principle, but soon found that mice inocu-
lated in two steps with 0.002 ml. of Army prophylactic resisted a challenge in-
fection with 2,000 to 4,000 virulent plague bacilli, but that 1he prophylactic
vilue was relutively little for guinea pigs. When used in the dose customary
for hunmnn imnmization (1.5 mg,=3,000 million erganisms), ouly 10 to 20
percent of the gninea pigs survived n clallenge infection with 500,000 plague
bacilli.

In the conmse of extensive protection tests, different plague antigens were
prepared from uvirulent plagne bacilli. Struius grown on agar or in liquid
were killed by heat, by chemicals (formaldehyde, acetone at —70° C., ahsolute
aleohol, potassinm sulfate, glycerol), and nitraviolet irradiation. Again, the
imminogenic potency of these antigens was high for mice and rats, but rela-
tively low for guinea pigs. The efficacy was enhanced by synergists such as
aluminum potassium sulfate (alum) or aluminum hydruxide, but uot by calciom
phosphate. In some experiments, between 80 and 100 percent of the gninea
pigs were immunized with an antigen which, in the unprecipitated stage,
conferred protection to only 10 percent af the animals. The immunogenic
potency was equally high when the antigens were incorporated in ail emnlsions,
but they produced severe inflammatory tissue changes at the site of injection.

These tests furnished convincing evidence that the degree of protection
is raised when large and repeatod doses of antigens sre injected prophylae-
tically. Furthermore, it is the actusl mass of the bacterial protein, rather
than the methad of preparing the antigen from killed baciili. that controls the
immunogenic effect.

Chemical studies on virulent plague bacilli (Yreka sirain) precipitated by
acetone cooled to —T70° C., washed until free from water, and then dried in
vacuo yielded on extraction with neutral sodium chloride solution at least two
antigens. By procipitation at 0.33 saturation of ammonium sulfate at pH 7.0,
a protein is readily obtained which crystallizes spontaneously in the form of
fine needles upon cooling a solution supersaturated at 40° C. A second protein
can be separated from the atoxic fraction. This protein contains carbohydrate,
is soluble at 025 saturation, and precipitates at 0.30 saturation. These two
atoxic proteins readily immunize mice, rats, and monkeys, but confer protection
to guinea pigs only when incorporated in a wateroil emnlsion. During the
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later part of the war, these were recognized as the most important antigens in
plague prophylaxis.®

Independently, but along similar lines, experimental work on plague
prophylactics was carried out by the Laboratory for Plague Suppressive Meas-
ures of the U.S, Public Health Service.* During these studies, one of the
workers accidentally contracted pneumonic plague, but recovered under sul-
fadiazine therapy. He had been inoculated repeatedly with Army plague
prophylactic, with and without alum >

In applying these observations to the prophylactie antiplague inoculation
of man, indirect methods of measuring the response to the plague antigen were
developed. Although the Army plague prophylactie stimulated agglutinins in
low titers in about two-thirds of the injected human beings, this immune re-
sponse was not considered significant. The protective value of the sera of the
volunteers ( Air Corps personnel and inmates at San Quentin prison) was there-
fore measured with the aid of 8 mouse-protection test.® With this relatively
crude test, conclusive evidence has been secured that antigens (prepared with
dead plague bacilli) witl proved immunogenic potency for inice and guines
pigs stimulate, in approximately 70 percent of human volunteers, the appear-
ance of weak protective antibodies. The observation that a third injection, or
booster dose, definitely increases the levels of the protective antibodies is sig-
nificant. There is distinct evidence that the prophylactic injection of killod
plague bacilli (8,000 to 12,000 million) or of Fraction I antigen (2.5 mg.) ascures
both a higher percentage and & higher level of antibody response. The serum
protective antibodies found in preliminary series of human inoculations with
avirulent living plague bacilli were of a very low order. The few tests made
furnished no conclusive evidence that avirulent living plague vaccines are
superior to killed antigens when the appearance and the degree of seruta anti-
bodies is used as & measuring rod.

These experiments indicated that the much criticized method of antiplague
inoculation which employs agar-grown killed antigens should prove effective
provided the procedure is used before an outbreak of plague is in progress.
Furthermore, the evidence is sufficiently encouraging to jus.ify repeated in-
oculation of killed antigens as a means of enhancing the degree of protection.
The immunity, though not absolute, nor even relative in some human beiugs, is
nevertheless of undoubted value, since modern chemotherapy is more effective
in the vaccinated. Prophylactic inoculations will serve as a supportive pre-
ventive measure in reducing the high case fatality rate in the course of plague
epidemica.

= See footnote 26, p. 80,

= Ree footante 34, ». 95,

= Munter, B. J.: Poeamonic Plague. Report of a Case With Recovery. J.AMA. 128: 281-283,
26 May 1948,

» Meyer, K, ¥, and Foster, L. B.: M nt of Pn ive Serum Antibodies in Human
Veluateers Inoculated With Plague Prophylactics. Stanfoed M. Bull. 8: 73-T9, February 1948,
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Chemoprophylaxis and Therapy of Plagne

The comparativs enrative efficiency of 23 sulfonamides was evalnated by in
vitro and in vivo tests. In order of their activity, the preparations are (1)
very active componnds—sulfaquinoxaline, sulfapyrazine, sul{amerazine, sulfa.
dinzine, and snlfathinzole—and (2) moderately nctive componuds—snifaceti-
mide, snlfacridine, sulfapyridine, and 4.4’-diaminodiphenylsulfone. The
highly active snlfonamides—snlfapyrazine, sulfamerazine, and snlfadiazine—
irrespective of dose, could not cure more than 30 to 40 percent of the infected
aniimals when treatment was delayed and the drugs administered at a stage
when the immunity mechanism had been dainaged by the toxemin. At any stage
of the infection and at any level of dosage, sulfadiazine praved statistically
superior to snlfathiazole.

Since antiplague sera in combination with sulfonamides donbled the effi-
eacy of each therapentic agent, the Army assigned to two pharmaceutieal com-
panies the manufacture of potent antiplague seru, prodnced with the avirnlent
A1122 strain in rabbits, Immunization was extended over 16 weeks. The sera
possessed a high agglutination and mouse-protection titer. By the application
of newer methods of fractionation and coucentration, globulin solutions with an
agglutination titer of 1:10240 and a mouse-protection nnitage of 1,600 per
milliliter were made available in a lyophilized form late in 1845, An oppor-
tunity was not nfforded to test. these sera on patients, but they served effectively
in basic stndies on the purification of the Fraction I antigen.®

In July 1944, Dr. Sehnan A. Waksman invited a study of therapeutic
properties of streptomycin in plague. The George Williams Hooper Founda-
tion proved that the antibiotic in amounts of 0.4+ mg. per milliliter is bacteri-
cidal for different strains of 2. pestin in 5 days. Advanced experimental
bubonic plague in mice was readily cured with a total of 1,200 to 1,600 ag.
The remarkable bactericidal action af streptomycin was best demonstrated in
experimental pneunonic plague in mice and guinen pigs. These prelininary
cbeervations on this most promising drug have since been fully confirmed.
Streptomycin has now been proved in the succeesful treatme.t of at least 25
cases of human pneumonic plague *°

SUMMARY AND PROPOSALS

The fact that no one in the U.S, military forces conwracted plague during
World War 11, despite potential exposure in the Mediterranean area and the
Orient, speaks of the eficiency of the cooperative measures taken by the Medical
Department of the U.S. Army and the civilian public health departments. Al-

®ieyor, K. I.: Final Ropert te UL Public Health Bervice [Jaawary—-June 1948). subject:
, Plague Vacetnes, Antl-lnfectious and Antitexic Properties of Antiplague Bera,
® (1) Quan, 8. V., Feoter, L. K, Larsen, A., and Meyer, K, F.: Streptomyein in Experimeatal
Piague. Prec. Sec. EBxper. Blol. & Med, 88: 528532, December 1947. (2) Meyer. K. F., and Quan,
8. ¥.: Plague. In Streptomycia: Nature and Praction]l Applications. Baltimere: Willlams & Wiikine
Ceo., 1949, pp. 394-407. (3) Ghooh, P. K.: An Outbresk of Plegue In an Epidemic Form Treated With
Streptomycin asd Sulfadiasine. Indlan M. Gas. 83: 441448, October 1030.
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though plague certainly presented a real threat in somne areas, demanding
consideranle effort of medical officers, i. did not interfere with military opera-
tions in any major way.

Some scientific advances made during the war brought about significant
changes in the approach to control of plague and undoubtedly faverably in-
fluenced its success. Two of these were most important: The development of
an insecticide (DDT) effective against the vector, the flea ; and the development
of agents that are useful not only for treatment, but more significant from the
epidemic standpoint, for prophylaxis. These chemical agents altered the gen-
eral plan in the following ways: The flea replaced the rat as the main target
in sanitary measures; effective chemotherapy and prophylaxis improved quar-
antine and preventive policies; and sulfonamides, particularly sulfadiazine,
were given to segregated contacts and offered them protection against the in-
fection. These measures offered the civilian population an inducement to seek
treatment, rather than to conceal cases—long a snarly problem in contiol.
Since the development uf the antibiotics, particularly streptomnycin, hope could
be offered for the first time in cases of pneumonic plague.

Contributions were made to the fundamental concepts of immunization
agninst plague through the full support and interest of the I’reventive Medi-
cine Service, Office of The Surgeon General. Antigens were studied and
purified and a prophylactic was prepared which, according to tests developed
during the war, is definitely immunogenic if administered repeatedly. Al-
though this preparation has not yet had extensive field trial, there is no reason
to doubt that it enhances the antibacterial forces in the body sufficiently to
warrant its use. Immunization has not been dimmed by chemoprophylaxis.
Prophylactics prepared in India and China that have had field trial have
lowered the attack and mortality rates, though not with any overwhelming
success. They offer the inoculated better chance for recovery when they are
treated with the sulfonamides or the antibiotics, or both, preferably early in
the course of the disease. Inoculations with plague antigens offer a practical
approach to lowering the attack rate in endemic areas.

In approuching the problem of epidemic plague as a whole, on a long-
term basis, in addition to the application of the superior control measures now
available, the U.S. Army should encourage and support research ard inquiries
into the following phases of plague control :

1. Evaluation of the newer rodenticides and insecticides, both on rats and
wild rodents, with special reference to the disinfestation of materials capable of

2. Appraisal of the therapeutic value of the newer antibiotics—Chloro-
mycetin (chloramphenicol), Aureomycin (chlorotetracycline), Terramycin
(oxytetracycline)—in the treatment of bubonic and pneumonic plague.

3. Further evaluation of the sulfonamides or the antibiotics, or both, suit-
able for oral administration in the prophylaxis against plague, particularly
the bubonic type.
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4. Inquiries into the physiology of plague intoxication and the value of
antiplague serum.

5. Comparative evaluation of the immunity offered to man by chemically
killed detoxified plague bacilli, plague antigens such as Fraction I and living
attenuated plague bacilli preserved in convenient form for extended
transportation.

In particular, the importance of the multiple, versus the one-dose, use of
prophylactics with and without adjuvants should be determined on human
volunteers by serologic and mouse-protection tests.



CHAPTER VIII

Relapsing Fever

Henry S. Fuller, M.D.

INTRODUCTION

The relapsing fevers are acuts specific infections caused by spirochetes of
the genus Borrelia, some of which are transmitted by the human body louse,
Pediculus humanus corporis, while others are transmitted by certain species
of the tick genus Ornithodoros. In a given situation, the vector is a most
important factor in determining the epidemiology of the disease. Thus, louse-
borne relapaing fever tends to be an epidemic disease whose incidence, where
seasonal, corresponds to increases in the population of human body lice and
whose mode of maintenance during interepidemic periods has not been clari-
fied. On the other hand, tickborne relapsing fever, sometimes called endemic,
occurs sporadically in human beings, with occasional large outbresks, and
is typically a place disesse related to foci where, more or less frequently,
human beings may make effective contact with infected ticks. The infection
is actusally enzootic among the ticks.

Wherever lousiness exists, epidemic relapsing fever is & problem of po-
tential military importance. Under conditions of unusual degree of contact
between susceptible troops and infected ticks, the tickhorne infection may be of
military importance, although usually to a lesser extent.

During World War I, relapsing fevers were apparently of iio importance
to US. troops. It is well known, however, that during and after that war,
louseborue epidemics occurred among certain military as well as civilian popu-
lations; examples in Serbia® and in the Middle East® have been described;
and statistics on case incidence have been published.®

At the beginning of World War IT, the methods of prevention of trans-
mission and spread of human lousiness and of louseborne diseases, in general,
were well known to military medical personnel. The great advance in this
respect during the war was the widespread and effective nse of the residual
insecticide, DDT, as a preventive measure applied to military and civilian

1 Huater, W.: The Serbian Npidomics of Typhus and Relapsiag Fover 1n 1918. Prec. Rey. Noe.
Med. (Sect. Bypldomiol) 18: 30, Docomber 1919.

S Wilieest, W. H.: Typhuse and Relspeing Fever in Mesepotamis and Northera Puorsia. PFrec. Rey.
See. Mod. (Sect. Mod.) 13: 38, May 1830.

sTread of Relapsing Fever ia Durepean Aren and Beuatorial Afriea. Npidemiol. Infermaticn
Bull. 1(11) : 483-491, 15 July 1045

191
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populations alike.* Its use by the British in the course of an epidemic of
louseborne relapsing fever among civilians in Kenya has been describerl.®
Specific vaccines were and still are unavailable. Althongh, at the beginning
of World War II, arsenical preparations were thought to be fairly uniformly
effective in the treatment of human cases and in the prevention of recurrences,
studies of certain series of cases have called this view into question. In addi-
tion to providing clinical material for further study of arsenical therapy,
events during World War II revealed the potentialities of penicillin as n spe-
cific antibiotic in relapsing fever.

The experience of the U.S. Army Medical Department with regard to
relapsing fever during World War II is here considered in relation to the
problem as a whole.

INCIDENCE

No deaths were reported as due to relapsing fever during World War 11
in the U.S. Army. Dala on incidence of the disense, shown in table 19,
wers obtained from sample tabulations of individual medical records and, in
general, should be interpreted as approximations rather than exact numbers.

TanLe 10.—Incidence of relupaing fever in the U.S. Army, by nrea and year, 194045
{V'reliminary data hasred on samiple tabulations of individusl medical recards}

Area | 190048 || 1900 ! . 2 | e ] 1903
Continental United States_ ... _.__ ... 29 0 1 3 10 10 5
OVEPSORY o« oo e emecccacaccaaeann 143 0 0 7 3 60 43

Total ___ . ... I 172 0 | 1 10 41 70 50

In view of the small number of cases of relapsing fever in U.S. Army per-
sonnel during World War I1, it is virtually impoesible to establish trends of
the disease, and any actual seasonsl incidence would be Jiable to considerable
distortion by the occurrence of a localised outhreak. An example of one such
small outbreak is that described by Taft and Pike,* comprising 11 of the 29
cases reported for the United States.

Inasmuch as available factual data are quite fragmentarry, it appears de-
sirable to discuss relapsing fever with reference to gsographic areas where par-
ticular problems arose: United States, Panama Canal Department, Evropean
theater, Africa-Middle East, and, finally, the China-Burma-India theater.

S Wheeler, C. M.: Contrel of Typhus in Italy 194344 by Use of DDT. Am. J. Pud Health
36: 119-129, February 1048,

S Garnbam, P. C. C,, Davies, C. W., Heiseh, R. B, and Timms, G. L.: An Bpidemic of
Relapsing Fever in Keaya. Tr. Roy. Sec. Trop. Med. & Hyg. 41: 141-170, September 1847,

S Taft, W. C.. and Pike, J. B.: Rolapsing Pever. Repert of a Sperudic Outbroak, Iucieding Treat-
ment With Pealetllin, J.AM.A. 139 1003-1008, Decowber 1945,
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United States

A localized outbreak of tickborne relapsing fever was atudied by Taft and
Pike. The outbreak, occurring in northern Texas, gave rise to 1i proved cases
treated in the Army Air Forces Regional Hospital, Sheppand Field, Wichita
Falls, Tex. In discussing the clinical aspects of the disease in these patients,
the authors emphasize tho difficnlties in diagnosis, the nnusual incidence of
neurclogic involvement, and the relative ineffectiveness of Mapharten (oxo-
phenarsine hydrcchloride) as contrasted with the striking responss to penicillin
therapy. Their particularly valuable clinical discussion shonld be consnited
in the original article. Five of the group developed rashes on the second or
third day following termination of the first febrile episode, and the finding of
spirochetes during the afebrile period in a biopsied skin Jesion is of special
interest. The long course of the disease, marked by relapses on ineffective
therapy, and the protracted convalescence, all associzted with profound as-
thenia. indicate the potential loss in man-honrs which might be incnrred in an
outbreak of larger proportions. Special attention shonld be paid to the obser-
vation that penicillin, in proper dosage, is effective in treatment of the acute epi-
sode, as well as in reducing the period of disability from the disense to a
minimum,

Epidemiologic studies of this outbreak revealed that the men involved had
slept on the ground, during a night exercise, in an area where many specimens
of the tick Ornithodoros turicata were subsequently found living in the bur-
rows of terrapins, Terrapene ornata, and in those of small mammals. The
symptoms of illness began 6 or 7 days after the men were exposred in this area.
From ticks on “prairie dogs” (a name applied rather indiscriminately to ground
squirrels, as well as to Cynomys species) taken in this area, spirochetes we:e
later recovered in experimental animals.

It may be noted that cases of tickborne relapsing fever have occurred in
many localities in Texas, including Wichita County,” as well as in nearby
Kansas. O. turicata (Duges) is the only known vector to man of relapsing
fever in portions of Kansas, Oklahoma, and Texas, and it accepts » wide varicty
of hosts, particularly burrowing vertebrates.® The correct name for the spiro-
chete transmitted by this tick iz Borrelia turicatas (Brumpt), not Borrelia re-
currentis of Taft and Pike. Evidence that the tick may act as a spirochetal
reservoir has been provided by Duavis.

Fischer'* reported the case of & man whose jllness began during 1944
after return from field maneuvers where he slept on & mattress cover filled with

TColoman, J. M.. and Wright, H. E.: The Prevent Distridution of Relapaing FPover ia Tezas. In
Amerisan Asseciation fer the Advancement of Scieuce. Pubiteation No. 18, Washingten, D.C., 1942,
pp. 38-38, A Sympesium oa Relapsing Fever in the Ameriess,

o Cooley, R. A, and Ksbls, G. M.: The Argusidas of Noerth Americs, Contral Ameriea, and Cuba.
American Midland Naturalist Monegraph Ne. 1, 1944, pp. 1-183,

*Davis, G. I.: Relapeing Fever: The Tick Ornithedorss turicats as a Spirochetal Reservolr.
Pub. Health Rep. 53 : 539-842, May 1943,

" Pachiar, 1. : Penlelllla Therapy in Relapoing Pever; Report of & Casse. Am. J. Trep. Ned. 26:
483488, July 1M8.
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Spanish muee while camping beside the Colornda River, Tex., 2 miles from
Camp Swift.  Na further information is given concerning the ares wiwre in-
fection was presumably acquired from » tick. The patient was olverved at
the Station Howpital, Carup Bowie, Tex., where diagnosis wax contirmed by
demonstration of 1he spirochetes.  Rexponre to penicillin therapy was promm,
and no recurrence was noted during the ensuing 10 weeks of olweryvation.

Panama Canal Department

Fourteen cares of relapuing fever among military pervonnel of the I’snama
Canal Departivent were recorded for the vears 1942- 40, an followns: 1942, 6
canes; 19483, 2: 1944, 2: amnd 194D, 4.

Cohen ' dewcribed xix canes accurring during the spring of 1942 in Army
personnel treated in the 210th General Honpital, Psnama, (2. Three of the
petients belonged to one tactical unit, three to another. The men of one
group had slept in native huts for a single night about 12 10 14 days before
onset of symptoms. The probable time of infaction of the others coubl aut be
fixedd precisely, inasmuch as they had slept in native jungle huta on many
oceasions until 3 days prior 10 onvet of illnew: thewe three beeume 111 within
24 hours of one another. Disgnosis was confirmed in every came by the denon.
stration of spirochetes in preparations of blood. The heaignits of the clinieal
courses of these men was consistent with previous olmervatiice of Panama
cases. In spite of the finding of lice on two of the jutients, Coben's stated
opinion is that “in view of existing evidence, it ir more likely that the discane
was tickhorne.” During 1945, four cases of relapsing fever were dingnosed
by the demonnt ration of organisma in blnod preparations, snd each patient gave
a history of tick bite incurred while visiting native dwellinge.'

It should be emphasized that the proved tick vectors in this region are
Ornithodoros redis Kavach (symonyma: Orwithodores venizuclensis Brumpt
and Ornithodercs migenei RBrumpt) and Ornithederee talaje (Guécin-Méne-
ville). The studies of Dunn ** alss cited by Clark.'* Ied 10 the belief that
O. rudia in the principal vector of relapring fever to man in tropical America
and that, in Panama, 0. telaje acts as an important sgent in transmiiting the
spirochetes from animal to animal. Davis ** pointed out, however, that it ks
not been shown experimentally thet thene twe vertors are aitnally cupoble of
transmitting each other’s spirochetes. The corrert name for the Rorwlia
transmitted by O. vencauciensis in Borvrolia oencsudiensis (Brompt), of which
Borrelia neotrepicelia (Bates and Saint John) is & synouys. The spiruchete
transmitted by O. telaje must be regarded at pressat ar aanamed.

Hshen, A. G.: Botapring Fover ta Ponamn: Nrpert of fils Casve. War Ml 7-00 22
January 1948.
= Annus! Repart, Surgeen. Faname Crasl Nepartment. 1938,

“Duae, L. N.: Clerevations on the Hest Svivetion of Graiiederes isinje fuorm. i Pamama.
Am. J. Trep. Med. 13: (TS 443, Seplembrr 1923,

Setence, Publication No. 18, Woshingten, D.C., INMZ. pp. 39 M, A Rympwsion ea Relaguing Preer
a the Amerires.
% Davie, Q. K.. The Spirechetes. Ana. Wer, Micsoblel. 3: 308 B4, 1540,
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The small total number of human cases simply means a low degree of
effective contact between infected vectors and troops. Since man is merely
an incidental host for ticks, playing no essential role in their maintenance or
in the perpetuation of the tickborne Borrelia, he is an unreliable indicator of
the amount of infection in nature. On the basis of the small number of cases
occurring in troops in Panama, therefore, one is certainly not justified in draw-
iig inferences as to the rate of infection in ticks in nature,

Preventive measures included indoctrination of personnel in the danger
of visiting native habitations, particularly at night.'*

European Theater of Operations

According to Gordon,"” during the course of operations in the European
theater, only two cases of relapsing fever in U.S. troope were reported. One
of these occurred in Great Britain and the other on the Continent. A patient
who had been in Great Britain for some months before onset of symptoms was
admitted to the 280th Station Hospital in August 1044 with a febrile illness
which was diagnosed as relapsing fever when the spirochetes were found on
dark-field examination and mouse inoculation of blood. The mode of infection
was unknown in this instance, the patient giving no history of attack by ticks or
lice. Inmsmuch as the tick vectors are not known to occur naturally in this part
of the world, one assumes that the infection was louseborne. Information con-
cerning the other case is not available.

Africa-Middle East

During the period from 1943 through 1948, a louseborne epidemic of re-
lapsing fever invelving several thousand persons, mainly civilians, spread
through much of North Africa and Egypt. Epidemiologic background in-
formation concerning the outbreak is given by Stuart and by Gaud and co-
workers.® During the period from September through December 1845, 10
cases were reported among U.S. troops at Casablanca, French Morocco.”® The
fact that che civilian epidemic did not become a military medical problem in
the U.S. troops was probably related to efforts of military preventive medicine
which, although aimed primarily against louseborne typhus, naturally included
messures designed to prevent infestation with lice.

During the courss of the epidemic in Egypt, members of the United States
of America Typhus Commission observed and treated cases of loussborne re-

2 Cug, W. C. (v8iter) : The Preveation of Discase i the United Btates Army During World War 11,
The Fecama Conal Dupartment. £ Jan. 1940 te 1 Oct. 1945, vol. I, p. 217. [Oficia) record.)

H o Study

of Delapsing Fever I Nerth Afrien (1843-48). Bull. Werld Health Organ. 1: 0092, 1047-80.

(3) Gand, M., Khalll Bey, M., and Vaneal, i.: The Evelution of the Epidemic of Relapring Yever,
H 104

* Neseatial Techaleal Medical n.u:nuq-'-mu. Afrion-}iddle East Theater, US. Army. for
b4 tharete.
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lapsing fever occuring among the native population. In this connection, the
observations of Zarnfonetis and cowarkers ? are especially important. They
confirmed and amplified the findings nf previous investigators showing that
sern of patients with louseborne relapsing fever may agglutinate Baciltus pro-
teus OX-K. They pointed out that it is therefore necessary to interpret Weil-
Felix OX-K results with caution in areas where both tsutsugamushi disease and
relapsing fever are present. They further showed that relapsing fever does
not appear to interfere with Weil-Felix OX-19 results, or with complement
fixation tests using purified rickettsial antigens in the diagnosis of epidemic
louseborne typhus.

During June and July 1944, five cases of relapsing fever in U.S. troops
occurred in the Kazvin area, Persian Gulf Command.” Although the men
gave no history of bites by ticks or lice, Argasid ticks were collected in buildings
outside and inside the camp area. A report on their final identification is not
available, but it is noted that dead ticks were found after barracks had been
sprayed with 5 percent DDT in kerosene.? This author would point out that
a known tick vector in this area is Ornithodoros tholozani (ILaboulbene and
Megnin), of which Ornithodoros papillipes Birula is a synonym.

China-Burma-India

According to preliminary data based on sample tabulations of individual
medical records, there were 70 cases of relapsing fever among U.S. Army per-
sonnel stationed in this area during 1942-45: 1942, 0; 1943, 4; 1944, 36; and
1945, 30. Surprisingly little information concerning these cases is available,
and Blumgart * pointed out that it is virtually impossible to be certain that
five cases reported from the India-Burma theater were actually relapsing fever.
At least one officer was known to have reported recurrert malaria as relapsing
fever. The majority of cases in U.S. troops apparently occurred in China, but
information concerning them is scanty. Although louseborne relapsing fever
was one of the most prevalent diseases noted among Chinese treated at the 22d
Field Hoepital, Chan-i, China, the only case among American personnel was
that of the admission clerk who worked in close contact with sick Chinese sol-
diers® One may speculate, therefore, that cases in the U.S. troops were prob-
ably louseborne, inasmuch as this type of spread is known to occur in China,
and furthermore there were undoubtedly oppeortunities for contsct with louse-
infested Chinese civilians and troops.

» Zarafonetia, C. J. D, Ingrabam, H. 8, 834 Berry. J. V.: Weil-Felix and Typhus Complement-
Fzation Teots In Relapeiag Fever, With Special Reforence to 5. profess OX-K Aggiutinatien. J.
Immunel. 53: 180-190, March 1946,

 Hasential Technical Nedical Data, Hendquarters, Perstan Gulf Command, U.S. Army, dated 19
Sept. 1044, and 18 Nov, 1044, inclesure 4 thereto.

o Lotrer. Capt. Manning A. Price, 8aC. Malariclogist, to Commandisg Genoral, Persian Gulf
Command, 11 Nov. 1044, subject : Report of Malaria and Louse Control Activities for Month of

# Report, Col. Herrman Blumgart, MC, Medteal Consultant, India-Burma Theater of Operations
(about 16 Oct. 19451, subject : Relapaing Fever.

o Raseatisl Techaieal Medieal Data, Headquarters, U.S. Forces, China Theater, Rear Echelon, for
March 1048, dated 27 Apr. 1943,
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Owing to pediculosis of Chinese recruits and to the observed incomplete-
ness of delousing mensures ns applied to these individuals in the Chinese Army,
Chinese troops were a source of material for the clinical study of reiapeing
fever by U.S. Army Medical Corps personnel. The main problem concerned
cases which developed in Chinese troops in India, shortly after these soldiers
had been flown over the Himalayan “Hump” from K'un-ming. Oeccasional
cases among Chinese who had been in India for several months did not consti-
tute a serions health problem.

The 134 Chinese recruits treated in Assam by Wolll * showed, as & group,
signs of malnutrition and multiple vitamin deficiencies as well as infection
with intestinal nematodes. Diagnosis of relapsing fever was based on demon-
stration of spirochetes in blood preparations, inasmuch as the clinical picture
had to be differentiated from several other febrile conditions frequently ob-
servea. Specific therapy consisted of two intravenous injections, each 0.04
gm. of Mapharsen, given 3 to 5 days apart. Convalescence was rapid follow-
ing the use of Mapharsen, and recovery was apparently complets in a few days.
Recurrences were noted in 13 percent of cases treated in this manner. Mor-
tality in the 134 cases was 11.9 percent, which was lower than might have been
expected in persons whose general health was already impaired when relapsing
fever was contracted.

Dillon and Fischer > treated more than 250 cases of relapsing fever in
Chinese troops whose nutritional status was poor and in whom the rate of
infection with intestinal parasites was high. The overall mortality rate was
2.8 percent. Diagnosis was based on demonstration of spirochetes in blood
preparations. Varying doses of neoarsphenamine were used for specific tresat-
ment of the infection. Because of low relapee rate, low mortality rate, absence
of complications, and convenience of dosage, 0.3 gm. given intravenonsly was
found to be the most appropriate dosage, on the basis of administration to 193
patients.

CONCLUSIONS

It is important to evaluate the risk to troops operating in infected areas.
In the absence of refined figures, comparisons of approximate figures for re-
Iapeing fever in civilians during the North African louseborne epidemic with
approximate figures showing negligible rates in U.S. troops in the same area
indicate the very minor risk to troops who are properly indoctrinated and
protected against Jouse infestation or contact with Jousy persons. The risk of
sporadic cases or outbreaks of the tickborne disease is continually present in
thoee habitats which harbor infected ticks. In the absence of any effective

" Welff, B. P.: Aslatic Relapsing Fever: Report of 134 Casen Treated With Mapharsen. Ann.
Int. Med. 24: 203-316, February 1948, (Abstr.: Bull U.S. Army Med. Dept. 4(2) © 124-123,
Angust 1945.)

= Dillen, J. A.. amd Flincher. W. J. H.: Obwervations on Relapsing Fiver, Field Medieal Bulletin,

Headquarters, Services of Bupply. U.S. Army Forces, China-Burma-Indis, vel. 3, No. 8. Angust 1944,
»p. 92-98.
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specific vaccine, prevention of human infection is based on avoidance of con-
tact with infected lice or ticks.

Owing to the effectiveness of measures designed to prevent troops from
aitack or infestation by human body lice and by Ornithodoros ticks, relapsing
fever was actually of minor importance among U.S, Army personnel during
World War II. The main contributions of personnel of the U.S. Army Medi-
cal Department concerned specific therapy of the disease with various arsenical
preparations and with penicillin.



CHAPTER IX

Sandfly Fever
(Pappataci, Phlebotomus, Three-Day Fever)

Marshall Hertig, Ph. D., and Albert B. Sabin, M.D.
Part 1. History of Incidence, Prevention, and Control

Marshall Hertig, Ph. D.

GENERAL CONSIDERATIONS

Sandfly fever is a short-term febrile disease of virus etiology transmitted
by the bite of one or more species of sandflies of the genus Phlebotomus.! Al-
though there are no fatalities and the victims are incapacitated usually for no
more than 1 or 2 weeks, the disease is potentially of great military importance.
This is because large numbers of men may be incapacitated at precisely the time
when they are most needed. The danger would be especially great for invading
forces which had not been previously exposed to the disease and would therefore
be composed of nonimmune persons. The defending forces, whether composed
of natives or troops who had been in the regions during the previous sandfly
season, would be mostly immune. Since the incubation period is very short, a
matter of only 3 to 6 days, it would be possible for the invaders to have s large
fraction of their forces rendered noneflective in the first critical days of a
campaign.

Military History

Since armies, rather than resident populations, have been the chief, or at
least the most spectacular and articulate, sufferexs from sandfly fever, its his-
tory is very largely military. The clamsic investigations in Dulmatia on the
etiology and tranemission were made by an Austrian military commission con-
sisting of Doerr, Franz, and Taussig®* Most of the later experimental work on
the virus and its transmission has been performed under military avspices.
Some of the first studies on the bionomics of Phledbotomus, carried out by varions

1 War Department Techaical Bulletia (TB MED) 82, $ Avg. 1944,

$Deerr, R, Frass, K., und Tuumig, 8.: Puppataciicher, oin codemicshes Drel-Tage-Ficher im
adriatischen Kustongebiete Oenterreich-Ungarns. Leipsig & Wien, Deutiche, 1900.
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British investigators in Malta before World War I,> were stimulated by the
severe problems of sandfly fever and sandfly annoyance in local military estab-
lishiments. .\ large proportion of onr epidemiologic information has come from
experiences of British forces at military stations and during campaigns in the
Mediterranean region, the Middle East, and in India.* Americans in general
had had no experience with the disease before World War II.

The military importance of the disease in all cases has rested on the central
fact that during the sandfly season newcomers could suddenly Le rendered non-
effective in great numbers. This has applied not only to newly arrived foreign
troops but also to natives who came from regions where the disease did not ocenr.
For example, Indian troops from certain hill regions have been as severely
affected as the British. The military effecis have ranged from interference with
routine garrison duties and training schednles and temporary overcrowding of
hospitals to ineffectiveness in combat. Sinton® gave an instance from the
Waziristan campaign in 1917 where a battalion was attacked almost en masse
by sandfly fever and rendered temporarily unfit for further service. He cited
the reports of others that the disense was the cause of “a great deal of ineflective-
ness among troops of the Mesopotamian Expeditionary Force” in World War I,
and that it acconnted for 50 percent of the cases of sickness among oversea per-
sonnel of the Royal Air Force. In Palestine during World War I1,* the oper-
ation of air-training schools with very crowded schedules was seriously affected
by the disease. The experience of the U.S. Army in World War II in which
there were an estimated 8,500 cases of sandfly fever in the Sicily Campaign and
potentially serious outbreaks on the Italian mainland is reported by Sabin
(pp. 168-174).

Epidemiology

Distribution.—Sandfly fever is limited chiefly to the Old World between
latitudes 20° and 45° north. It extends from the Meditarranean to India and
Burma and poesibly to China. The following details as to distribution are
quoted from Sabin, Philip,and Paul: *

The disease is definitely kmown to occur in Italy as far north as the Po Valley, Siclly,
alomg the Adriaiic coast of Yugoslavia as far north as the Istrian peninsula, Greece,

8 (1) Birt, C.: Phlshotomus Fever in Malta snd Crete. J. Roy. Army M. Corps 14: 236-288,
1910. (3) Newstead, R.: The Papataci Flies (Phlcbotomus) of the Mailtese Isiands. Bull. Eat.
Res. 3: 47-78, 1911, (3) Marett, P. 1.: The Bionomics of the Maltene Phicbotomi. Brit. M.J.
2: 173178, July 1818,

4(1) Sintea, J. A.: Indian Bpecies of the Gonus Pricdotomus ;: Role of Insects of the Genus Phle-
botomus as Carriers of Dissase, With Special Reforence to India. Indiaw J. M. Research 12: 701-729,
April 1929, (2) Anderaon, W. M. K : Observations on P. pepstesii In the Peshawar District. Indlan
J.M. Researeh 27 : 337-884, October 1939,

" Bee footnete 4(1).

¢ (1) Report, Lt. Col. Reas L. Gauld, MC, Epidemioiogist, Epidemiology Necticn, 15¢th iledical
Geweral Laberatery, 6744 Medieal Ceatee (OVHD), te Commanding Uficer, 15th Medical General
Taboratory, 16 Oct. 1944, subject : Trip te Jervusalem in Connection With Sandfiies and Sandfly Fever.
(3) Report, Mal. Marshall Hertig, SaC, 15th Medicsl Geseral Ladoratory, 8744 Medical Center
(OVHD), to Sargeon, North African Theater of Operationn, 11.8. Army, 13 Oct. 1944, subject : Trip to
Jerusalem In Connection With Sandfies and Sandsy Fever,

* Sadin, A. B, Piilip, C. B, and Paunl, J, R, : Phlcbetomus (Pappatael or Sandly) Fever: A Dissase
of Military 1mpertance ;: Summary of Existing Knowiedge and Preliminary R:port of Original Investt-
mations. J.AM.A. 133: 003606, 003-000, July 1944,



SANDFLY FEVER 111

Malta, Crete, Cyprus, Egypt, Palestine, Syria, Iraq, Persia (Iran), Crimea and the Trans-
caucasian region, and the northwest and central provinces of India. There are also reports
which would suggest that this disease may occur in China as far north as Peiping and
Tientsin and as far south as Hong Kong, in Burma along the coast of the Bay of Bengal,
in Ceylon, in the Poona region of India, in Aden and along the adjucent Red Sea coast of
Arabla, the Angio-Egyptian Sudan, along the Mediterranean coast of Africa-—particularly
the eastern portlion, Corsica, the Mediterranean coast of France, Gibraltar, and along the
Atlantic coast of Portugal. Reports of a similar disease in countries lylig just north or
south of the Equator have come from Kenya and the Tanganylka Territory in Africa and
from the region of Bolivar [Colombia] in S8outh America. The discase is not known to
occur In the United States.

In Panama, there occurs sporadically a short-termi fever which is clinically
similar to sandfly fever and which has at times been diagnosed as such® How-
ever, the identity of this disease with sandfly fever has never been established
nor, so far as known, has any experimental work with Phlebotomus and sand-
fly fever ever been undertaken in the Western Hemisphere. It may be re-
marked that in Panama there are a number of species of Phlebofomus which
bite man. Their distribution is sufficiently wide and varied as to habitats to
permit their consideration as vectors.

In the Pacific areas, cases of sandfly fever were reported but never con-
firmed by later investigation, as shown by Lt. Col. (later Col.) Cornelius B.
Philip, SnC (pp. 123-124). Sera from a number of cases were shipped to the
United States and inoculated into volunteers. Sera from the Philippines gave
only negative results, while from the New Guinea specimens four strains of
typical dengue were recovered.

The occurrence of sandfly fever in the Western Hemisphere and in the
Pacific remains unproved.

Symptomatelogy and diagnesis.—Clinically, the disease is characterized
by sudden onset, fever lasting usually about 3 days (whence the name 3-day
fever) ranging from 100° to 105° F., withseverefronullwadache,paininthb
eyes, photophobis, pain in the back and joints, and genersl malaise. The
disease may simulate influenss, other reepiratory infections, the initisl stages
of other febrile diseases, and may be confused with dengue. From the latter,
it may usually be distinguished by the abeence of a rash and the shorter febrile
period

A decreass in the number of segmented nentmphiles together with a rela-
tive and absolute increase of immature neutrovhiles is a phenomenon shown
by Sabin and others (p. 110) to be constant in sandﬂy fever and sn important
sid in dngnous.

There is no distinctive sign or specific teet, and, as a vesull, diagnosis is
often difficult, particularly under field conditions. The practical implications
are illustrated by the Army’s experience in Sicily where many undiagnosed
febrile cases, which wers undoubtedly sandfly fever, were treated as malaria and
needlessly evacuated to North Africa (pp. 168-174).

SCheney, G.. and Amasni, G.: The [dentifieation of Tropical Fevers of Virus and Ricketisial
Origin. Stanferd M. Bull. 4:104-116, August-November 19486,
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Immunity.—Native populations are seldom affected severely by sandfly
fever. Indeed, the people may hardly be aware that there is such a distinct
disease entity, even in an aren capable of producing an epidemic among
newcomers. This was the case in Naples in 1944 (p.. 121). The scatiered
cases which were found among civilians by systematic search had been at-
tributed to colds and the like and had not been deemed worthy of niedical
attention. Infection is obviously acquired during childhood, with a consid-
erible degree of resulting immunity which is renewed from time to time by
subsequent infections. From the readiness with which newcomers may con-
tract the disense in the ahsence of any recognized outbreak nmong the local
population, it is evident that opportunities for reinfection of the latter are
8 more or less constant fenture of the epidemiology.

The duration of the immunity in an adult from n single attack lins been
shown experimentally by Sabin and others to be at least 4 months and even
as long as 2 years (p. 148), but that it may have disappeared after 4 to 7 years,
In any case, it appears that the immunity from a single attack and from what-
ever reinfections may occur natnrally is such that troops who remain in the
same area are, like the Jocal civilians, little troubled by sandfly fever. How-
ever, reports of second attacks in the same season nearly nlways have been
associated with a change of station. A reasonable explanation for such re-
peated attacks is provided by the demonstration that there are at least two
immunologically distinct strains in the Mediterranean area: namely, the
Sicilian-Middle East strain recovered in 1943, and the Naples strain recovered
in 1944 (pp. 165-168).

Criteria for the identlfication of the virus,—Sabin has pointed out that
the ultimate criterion for the identification of a given strain of virus, as that
of sandfly fever, is the actual demonstration of its transmissibility by Phle-
botomus (p. 132). This was done in the case of the Middle East strain. A
procedurs of this sort is possible only under certain special conditions. It
was not feasible in the case of the Naples virus, but there remains no reason-
able doubt that it was smndfly fever. Clinically and epidemiologically, it
followed the classic pattern, and it was amply shown by competent cheervers
to be associated with PAlebotomwus papatasii. In practice, in the face of an
outbreak of what appeared to be sandfly fever, control meusures would, of
course, be instituted as soon as possible. There would be neither necessity
nor justification to await the definitive demonstration of transmission by
PRlebotomus.

The following seem to he reasonable grounds for assuming a given out-
bresk to be sandfly fever and for proceeding ou that assunption with what-
ever control measupes are feasible:

1. Correspondence with symptomatology und clinical course of sandfly
fever.

2. Occurrence during the sandfly season in a known cndemic area.

3. Occurrence in newcomers, with the local popuiation apparently
unaffected.
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4. Demonstrated association with Phlebotomus, especially P. papatesii
within its range: Sandflies found in fair abundance either in the act of biting
at night or at rest in living quarters during the day. It would usually be
" possible to demonstrate the converse; namely, that specific quarters, barracks,
or localities with little or no disease had few or no sandflies, or at least that
P. papatasii was scarce or absent.

5. Prompt cessation of the outbreak on the application of control meas-
* ures, such as residnal DDT (p. 121).

Etiology and Transmission

Doerr and others (p. 109) working on the Dalmatian coast in 1008, showed
that the etiologic agent was filterable, that blood taken from patients on the
first day could produce the disease when inoculated into other persons, and
that the disease could be transmitted by P. papatasii, These basic facts have
been confirmed by a number of later investigations® in the Mediterranean,
India, and Transcaucasia. No insect other than Phlebotomus has been shown
capable of transmitting the infection, and no animal other than man is known
to be susceptible.

Imsect vector.—P. papatasii is the species with which all recorded experi-
mental infections have been accomplished and is the species which has been
found associated with the disease in those areas where sandfly fever has been
moet studied. P. papatadii is one of the most widely distributed species of the
genus and occurs in an extraordinary variety of habitats from the Mediterranean
to the western half of India (fig. 4). Around the Mediterranean littoral, it is
found, often in great abundance, in rural areas as well as in the heart of large
cities, such as Naples and Athens. In the salt desert around the Dead Sea,
this species occurs in enormous numbers even at some distance from human
habitationa. In certain semidesert regions of Turkmenistan, it has been found
breeding in the burrows of rodents. The possibility that other species of
Phlebotomus may also be vectors has not been investigated experimentally.
Outside the range of the P. papatasii, for example, in Burma and China, if the
reported disease is actually sandfly faver, other species must necessarily be
involved.

Life histery.—The breeding places of P. papatasii are in moist, loose soil
in dark, humid, sheltered places such as those beneath stones, in masonry
crevices, in deep s0il cracks, or in animal burrows. The female secures a blood
meal and after several days lays a batch of eggs, a process which may be
repeated several times. The males do not suck blood. The eggs hatch in about
10days. Thelarvaeare scavengers and feed on insect or animal feces, decaying

(1) Bee [setmete 2(1), p. 110. (2) Whittingham. H. B.: The Rtislagy of Flhlchotomus Fover.
thhld. 22: 461-400, Seplomber 1904, (:)Mt.n.l..mnr..umnc.
Sandliy Tever ea the Indian Freatier; A Preliminary Note on Seme Laberatery mu.-. e
@lan J.M. Rasearch 31: T75-788, Apeil 1904. (4) Mocshkoviky, 8. D., Domisa, N. A udott‘n
Sandly Fever. VII1. Trancmissien of Sanddy Tuver Virue by Sandfties Hatched Frem h b
Infected Yemalea. Med. Parmsitel. (Moscww) €: 9223-937, 1937. Abstract In Trep. Dis
41 : 388, July 1944,
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ghort flight range has been noted in desert habitats, where with marked sand-
flies a range of 1,500 meters has been measured.

Sandflies have often been kept alive in the laboratory for several weeks,
and it is supposed that this reflects their longevity in nature. With suitable
technique, they can be fed repeatedly in the laboratory, and it is known (from
the state of the ovaries and the glands) that they commonly refeed at least
once in nature, a point of importance in the transmission of a disease from
person to person.

Phlebotomus and the virus.—The experimental evidence indicates that
sandflies may become infective about a week after they have fed on a patient,
but the extremes of time required for the development of the virus have not been
determined. Throughout the sandfly season, there are continuous opportunities
for the transmission of tl.» virus from person to person. Carrying the virus
over the winter, however, has been more difficult to explain. The virus is circu-
lated in the blood of man for only 2 or 3 days, and no other vertebrate host is
known. Early in the study of the disease, it was suggested that the sandfly
larvae might become infected either via the egg or by eating the dead bodies of
sandfly adults and thus carry the virus through the winter. Certain investi-
gators ** have succeeded in transmitting the disease by the progeny of
infected sandtlies, while Sabin and others have failed.

In this connection, there occurs to the writer a point which he has not seen
disco-sed ; namely, that the experimental infection of sandfly progeny via the
larvae may happen more readily with a generation which is actually destined to
overwinter. P. papatasii, like other species of Phlebotomus in climates with &
cold winter, exhibits the phenomenon of the diapause; that is, larvae from
eges laid toward the end of the sandfly season develop normally to the fourth
instar but do not pupate until the following spring. This phenomenon is not
the response of the individual sandfly larvae to lowered temperature or other
external factors but is characteristic of that particular generation. In the
laboratory, larvae undergoing the diapause stubbornly persist in that state in
spite of efforts to bring them out of it. Overwintering larvae should be com-
pared with thoss of the summer generations as to their ability to harbor the
virus. The negative translarval transmission experiments of Sabin and others
(p. 110) were done with sandflies reared during the early part of the sandfly
season. Corresponding data for the positive experiments were provided by
Whittingham and by Moshkovsky and others who, however, do not indicate the
time of year when their studies were made.

Whatever the factors are which permit the virus to be carried over to the
next sandfly generation, it has been demonstrated that it can happen at least
part of the time, This provides the moet likely explanation of how the virus is
carried over from season to season.

Control measures—The first really effective control measure against
Phlebotomus, namely, residusl DDT, was developed and tested only during

¥ %ee footnote 9 (21 and (4), p. 113.
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World War II. Control measures, together with protective mensures, are dis-
cnssed later.

GEOGRAPHIC DISTRIBUTION

The principal areas where sandfly fever occurred in ULS, troops were the
Middle East, China-Burma-India, and Mediterranean theaters. In general, the
disease wns limited to regions long known to be endentic, nnd ontbrezks corre-
sponded with the sensounl prevnlence of sandfies (’hlebotomus). Whenever
stidies were ninde, nssocintion of the disense with sundflies was demonstrated.
The incidence of sandfly fever in these three theaters is summurized in table 20,

TanLe 20.—Incidence of sandfty fever in the U'.S. Army, by thealer or area and year, 1952-46
{Preliminary data based on sample tabulations of individusl medics) records)
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Middle East Theater

Persian Guif Command.—The Middle East theater had a higher rate
of sandfly fever than any other theater. The Persian Gulf Command had a
particularly high rate, about 50 percent more than that of the theater as a
whole. The great majority of cases occurred betweer April and October, with
peaks occurring from June to August, chiefly in August.”?

There was a ateady decline in the entire theater from a rate of 70.13 per
1,000 troops, per annum, in 1942 to 3.42 per 1,000 in 1945. Rates in the Persian

1 (1) Anmual Report, Surgeon, Persian Gulf Command, U.8. Army, 19044. Inclosure Neo. 14,

therete. (2) Aawual Repert, Chief Surgesn, Headquarters, Medieal Department, U.5. Army Forces
1a the Middle Kast, 1943.
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Gulf Command, for example, which showed a peak of 235 per 1,000 in August
1943, reached only 74.91 in June and 72.37 in August 1944. The annua] rates
for 1943 and 1944 in the Persian Gulf Command were 60.2 and 29.79, respec-
tively. The decrease was probably due both to improved protective and con-
trol measures and to the steadily increasing proportion of immune persons.

British Army.—Sandfly fever was also a problem to the British Army
Middle East Forces, with a rate of 21.48 per 1,000 per annum in 19422 This
covered the areas of Egypt, Palestine, Syria, Cyprus, Sudan, Eritrea, Malta,
and Aden. An outbresk in two hospitals in the Middle East (which the writer
understands were in Palestine) was reported by Cullinan and Whittaker.!®
In both hospitals, about one-fourth of the doctors and nurses and nearly all
the “other ranks” were attacked. On a single day in one hospital, one-quarter
of the total strength of about 350 was sick. Of 1,910 patients admitted during
the 3-month period, August to October 1942, nearly one-fifth contracted sundfly
fever after adinission. The height of the epidemic was between 27 August and
10 September. Cases were limited chiefly to certain wards surrounded by
rubble, while others with “tidy surroundings” had relatively few. Sandfly
infestation was heavy. A notable feature was that second attacks occurred in
15 percent of the cases from 2 to 12 weeks after the first, with occasionally three
separate attacks,

On a visit to Palestine in 1944, the writer was informed that the British
had been hampered by sandfly fever in 104344 at various airfields, particularly
in maintaining schedules at air-training schools (p. 110).

Cairo.—Cairo provided an illustration of the classic epidemiology of the
disease.* Although troops quartered in Cairo had & high sandfly fever rate
during the summers of 1941, 1942, and 1943, the disease was hardly recognized
among the native population. From verbal reports, members of the Commis-
sion on Neurotropic Virus Disenses, Army Epidemiological Board, gathered
that the disense was thought to be one of childhood but that almost nothing
was known of its prevalence among adult civilians. The difficulty of diag-
nosis and the ease with which the disease may be mistaken for influenza made
it seem likely that many cases reported as influenza might actually have been
sandfly fever. In this connection, the Commission cited the morbidity rates
recorded in Egypt for 1938 and 1939 which showed the highest influenza fre-
quency and the next to Jowest mortality in the month of July.

American troops were quartered at the Metro Barracks near Heliopolis,
surrounded by city buildings, vegetation, and trees. In spite of protective
measures, Philip, Paul, and Sabin reported that the incidence of sandfiy fever

* Repert by Neurotropic Virus Commissien, Board for the Investigation of Epidemic Diseases
1a the U.B. Army, dated 16 June 1943, subject: Prellminary Review o8 Pupatasil (Sauvdly) Fever
as & Military Disease of the Middle Esst. 1. Preval and & t Data, obtained at Caire, May
1943,

1 Culllsan, E. R.. and Whittaker, 8. R. F.: Outdresk of Sandfly Fever Ia Two Geseral Houpitals
fa the Miidle East. Brit. M.J. 2: 543-545, 30 Oct. 1043,

» (1) Pulip, C. B, Paul, J. R, and Sabia, 4. B.: Dimethyl Phthalate as & Repollent 1a Coatrel
of Phled (P el or Sandfly) Fever. War Med. 6:27-33, Jaly 1044, (2) See footnots 13.
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in this unit during the fall of 1943 was approximately 2 percent of the entire
command. During the same summer, Rritish troops at three urhan camps,
comparable in location and vegetation to the Metro 13arracks, alwo bad con-
siderable sandfly fever. At one camp, llelmiel, the incidesce anong the per.
sonnel of one hospital was expecially high, more than half the officers, nurees,
and other ranks having contracted the direase.'*  In contrax to the situation
in Cairo itrelf was the experience of the American tronps at Camp Rusaeii B.
Huckstep, whicli had been established in the desert about 12 milex from Cairo.
There were no trees or other vegetation. Sandflies were mre, and randfly fever
was practically nonexistent.

Veclor specien.—’Alehotomus papatasii, one of the momt widely dis-
tributed species of this genus, is practicaliy the only one which hax been amso-
ciated with sandfly fever and ix the only proved vector; that ix, thie only one with
which experinental transmimsion to man has bren effected. The specien is found
throughout ths Middle East and was the one shown to bes assaciated with out-
breaks in Palestine and (siro, Information was lacking ahout the specific
amociation of sandflies with the disease in other areax in this theater.,

China-Burma-India Thester

In the China-Burma-India theater, mandfly fever was firt reported in
September 1942. After October, no further casm were reported until Febru-
ary 143. The greatet incidence occurred from May to July, the . dry
veason. In 1943, seversi explosive outhreaks were confined to smalt arean,
A high ax 40 percent of the members of one conmianid were attacked at one
time.'* The peak in each year was in July, the rmtex for that month in
1943, 1944, and 1945 heing, rexpectively, $5.00, 26,75, and 430 (6,34 for Burma.
Indin) per 1,000 troops.!?

A noteworthy feature of sandfly fever in this theater was that its prevence
was demonstrated in areas not previously thought to be endemic. It had heen
generaily stated to be limited to the northwestern part of India. However.
a number of coses were reported from Calewtta and elerwhere in castern
India, and in Bermwa in the Upper Chindwin section, around Rangoom, in
Mandalay, and along the Salween River.”” Neverthelesn, 1.8, troops in Assam
and northern Burma were singularly free from sandfly fever, and it is question-
able whether the disease cocurred in these areas. A decrease in the roperted
rate per 1,000 pee annum occurred from 1943 (o 1945 in the (China-Dirma - India
theater, as it did in the Middle East. General inmect control mcasucen, “uch

“Paul. 7. R. Sabin, A. B. and Philip, . B.: lnterim Bopart of the Astivitien and Studies
Carried Out by the Rearwireple Virus DNisracr (‘ommicsion (Nivard for the Investigation f Epidamie
Disvases, U.S. Army) In the Middle Heat snd Meily, April Octeber 1943, submitiod 34 Uepl. 1045,

" Plold Neodien) Bolictia, Nendguartern, Servicos of Supply. 1'.8. Army Yoreon, Chias Burtia India
Thealer, vol. 3. No. 8, Seplember 1943,

TY¥an Avhen, M. A.: A Histery of Proventive Mediciow In (he X Army Fotvve af (e lodle
Burma Theater, 1943 45, {Oficial revond. )

% War Department Techolenl Bulletin (TS MED) 174, July 1048,

¥ War Departwment Terhuical Bulietia (TB MRIY) 77, 2 Ang. t9U4.
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as the use of DDT, probably contributed to the lowered incidence during
1945. An additional factor was that during the summer of 1945 only a small
pert of the theater strength was stationed in or required to pass through areas
where P. papatasii was present.

Veetor specien.—PAlebotomus papatasii is common in northwestern India
but is not known to occur east of a line drawn roughly from Delhi to Madras,
with the exception of an isolated record near Calcutta.?® Its association with
sandfly fever in northwestern India has been frequently cited in the literature.
Shortt aml others ** transmitted the disease experimentally by the bites of
P. papatasii fed on sandfly fever patients in Peshawar, Northwest Frontier
Province, In the eastern half of India, a number of species are known to exist,
and at least three species have been found in Burma.?? There is no informa-
tion, however, as to specific vectors in the eastern areas.

Mediterranean Theater

The invasion of North Africa in November 1942 took place after the close
of the sandfly season. No cases were reported until July 1943. A peak of
admissions occurred in September when the rate was 8.02 per 1,000 troops per
annum.

Sicily.—In the Sicily Campaign during the summer of 1943, there was
8 combined total of 14,402 cases diagnosed as sandfly fever, F.U.O. (fever of
undetermined origin), and malaria (p. 172). The Commission on Neurotropic
Virus Diseases visited Sicily in the latter part of the campaign (pp. 168-174),
It was apparent that a large proportion of the undiagnosed fevers, and also of
thoee diagnosed as malaria without positive blood films, were probably sandfly
fever. Indeed, of 922 cases of the same group of fevers which were carefully
observed at one hospital in Sicily, 637 were sandfly fever, representing an
87.6-percent proportion of the total cases (727) of sandfly fever (637), F.U.O.
(4), and unclassified malaria (negative smear, diagnosed clinically) (88). If
the same proportion of sandfly fever which was found among this group of
“fevers” is applied to the “fever” cases in the campaign, and the proportion
held throughout, approximately 8,500 may have been sandfly fever. Most of
the American medical officers had had no previous experience with sandfly
fever, but after the first few weeks they began to recognize it ;more rendily as
a distinct entity. The serious features from the military standpoint wure not
only the Joss of the services of so many men but the fact that many were
treated as malaria cases and needlessly evacuated to North Africa. The Si-
cilian campaign afforded & striking illustration of the serious threat which
sandfly fever poees for an invading army of nonimmune men in the eritical
period of establishing a beachhead.

*Saten, J. A.: Netss ou Some Indian Species of Genus Phlibetomus; Further Rocerds of the
Distributien, Indlan J.M. Research 14: 941-940, April 1937,

N Bee feetaote §(3), p. 118,
™ See footnote 19, p. 118,



120 COMMUNICABLE DISLASES

Epidemiologic and entomologic studies, Italy, 1944

The Army had further experience with sandfly fever on the Italian main-
land in 1044, Early in August, Lt. Col. Ross L. Gauld, MC, 15tk Medical
General Laboratory, Naples, Italy began an epidemiologic study of the disease.
The writer was on temporary duty in the Mediterranean area from the last
week in Jnly until December 1944 for the purpose of studying £hlebotomus in
relation to sandfly fever. In carrying out these investigations, Colonel Gauld
and the writer made a number of journeys to various parts of Italy south of
the Arno River and to Palestine. The following discussion represents first-
hand observations or information received in the course of this work, which

were embodied in various reports, jointly or separately, to the surgeon of the
North African theater.®

NAPLES-CASERTA OUTBREAK

In 1944, a few cases were reported in June. In the first few days of July,
shortly after the transfer of Headquarters, North African Theater of Opera-
tions, U.S. Army, from Algiers to Italy, there was a series ¢ sharp, local out-
breaks of sandfly fever in the Naples-Caserta area. These outbreaks tended to
be limited to certain buildings, in which as many as one-third or even more
of the occupants were affected. Frequently, entire offices were seriously crip-
nled at a critical time. For example, enlisted men of Headquarters were bil-
leted in the huge cavalry barracks across the street from the “Palace” at
Caserta. The men in this building (and in & similar one occupied by the
British) were moet affected. Relatively few cases occurred among the officers
billeted in the town or in the “tent city” in the forest behind the Palace.
Troops quartered within a half mile of the cavalry barracks, as, for example,
8 Women’s Army Corpe detachment in the hospital area in the Palace grounds,
had very few cases. In the heart of Naples, in certain schools used as barrcks,
personnel suffered severely for several weeks before comtrol measures were
carried out. A large number of Army and Navy personnel engaged in the
planning of the invasion of southern France were quartered in the “block-
house,” a huge building in the form of a hollow square, located on a hilltop in
Naples. The work was seriously threatened at an extremely critical period by

=(1) Letter, Lt. Col. Ross L. Ganld, NC, Epidemiclegist, Epidemiolegy Bectica, 15th Medical
Geasral Laberatery, 8744 Medical Center (OVHD), to Commandiag Ofieer, un Medical General
Laberatory, 15 Oct. 1944, subject: Bandfly Fever Ia PWCD. (Epidemiod report ded.)
(2) Letter. Maj. Marshall Hertig, 3aC, 15th Medical General Laderstery, €744 MNoedica)l Couter
(OVHD), to Sergesa. Neeth African Theater of Operstiens, U.S. Army, 17 Avg. 1944, subject:
Report of Trip to Rems, in Connecticn With Sandty Fever and Bandfien. (3) Letter, Maj. Marehall
Herttg, 8aC, 16th Medical General Ladoratery, 6744 Medienl Center (OVHD), to Surgess, Nerth
African Theater of Operations, U.8. Army, T Ang. 1944, subject : Report of Trip to Barl. Itnly, for
Conference oan Bandfly Fever. (4) Letter (persesmal), Maj. Marshall Hertig, S0C, 15th Medieal
General Laboratery to Maj. O. B. McCay, MC, Director, Trepical Discase Coatrel Section, Dfice of
htlumaumnl.lllqt.lm (I)WMMLQNIC.WMMM
Marshall Hertig, 5aC. Natomelogist, Hypid legy Bection, 15tk Nedical Geaeral Laloratery, 8744
Modica] Ceater (OVED), to the Burgeen, Noeeth Afvican Theater of Operations, U.S. Army (threugh
the Commanding Oficer, 15th Medical General Labevatery), 13 Sept. 1944, subjoct: BSandfiles
(Phicbotomus) and Eandfly Fever in the Fifth Army. (Appondixes A, B, and C, therets.)
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an outbreak of sandfly fever. Fortunately, most of the cases were limited to
one corner of the bnilding (an illustration of the sharp localization of out-
breaks as encountered in Italy). There were certain rooms with 20 or 30 men
in which nearly every man contracted the disease.

First use of DDT.—After the first part of August 1944, by which time
control measures, inclnding the spraying of quarters with DDT, had been put
into general practice, the number of sharp outbreaks decreased. That this de-
crease probably was not seasonal was indicated by an epidemic in one unit
quartered in an apartment building in Naples abont three blocks from the
Peninsular Base Section headquarters. During Angust, when no control
measures were being taken by this unit, there were 30 cases among approxi-
nimtely 100 officers and enlisted men. 2. papetasii was found in the sleeping
quarters which occupied the fourth floor, showing that sandflies can be found
in significant numbers some distance (at least 50 feet) above ground level,
contrary to repeated statements in the lierature. After spraying with DDT,
the sandflies disappeared and the sandfly fever promptly ceased.

BAR] AND “HEEL,” ROME, AND SOUTH OF ARNO RIVER

In Italy, the Naples-Caserta area was by far the most severely affected.
At several installations of the Twelfth Air Force in the “heel” southeast of
Bari, there were scattered cases during July 1944, which caused some concern.
A survey of the Rome area in mid-August revealed relatively few cases. How-
ever, in a school building used as a barracks by the British, an outbreak accurred
similar to the ones experienced by American troops in Naples, but on a much
smaller scale. In the Fifth U.S. Army area, a survey made during the first
week in September, in the region south of the Arno River from Florence to
Cecina, showed that there had been very little sandfly fever. Very fow sandflies
were found near military installations, which were mostly located in open
country or woodland away from towns and villages.

SANDFLY FEVER IN CIVILIAN POPULATION

Little could be learned from Italian sources about the epidemiology of
sandfly fever in Italy. No published reports were located at the time these
surveys were made, although several such reports were subsequently found.*
Physicians in Naples and Rome had general or “textbook™ information rather
than specific knowledge about the diseass in their own cities. The population
of the endemic area seemed to be largely immune, and cases were limited to
childhood infections or sporadic cases which may not have been recognized as a
distinct clinical entity. In the Naples apartment house just mentioned where
the diseass occurred in a military unit, an investigation was made of civilian
families occupying the same building. The survey was made early in Septem-

%#(1) War Department Techaleal Bulletin (TB MED) 178, July 1945, (2) Peschie, B.: Osser-
vasion] cliniehe su na epidemia 41 fobbre da papataci, Pediatria 44: 41-51, January 1938.
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ber 1944 by Italian physicians “borrowed” for the purpose from one of the
Allied agencies. They found several actual cases and obtained histories of
others consistent with sandfly fever which had occurred during July and
August.

The cases reported for the Mediterranean theater in 1944 (a total of 4,363
with a rate of 6.72 per 1,000 per annum) were mostly from Italy, and the total
number which occurred was undoubtedly considerably greater than that re-
ported. In the Caserta-Naples outbreak, many cases, particularly early in
July, were reported as F.U.O., even though many medical officers recognized at
the time that they were probably dealing with sandfly fever. The diagnosis
of sandfly fever was made more freely in the latter part of the summer.

GREECE

The experience of the Germans in the Mediterranean region was apparently
comparable to that of the Allies, though there are few data available. Hall-
mann ® reported that on the Greek mainland in the Athens district and on the
islands about 20 percent of the German troops had sandfly fever in July and
August 1041,

The writer, while engaged in work on Phlebotomus and DDT in Gresce
in 1948, learned that the Germans who were quartered in Ellinikén, a suburb
of Athens near the sea, were troubled with sandfly fever. This suburb con-
sisted of substantial houses surrounded by open spaces and gardens. In 1945,
the British troops quartered in the same suburb also were considerably affected
by the disease. DDT had hecome available by that time, and its application
promptly put an end to the difficulty. In 1948, with no organised spraying
for at least & year or two, the writer found that P. papatasii were extremely
abundant in some houses.

It was also learned that about one-fourth of the personne] of the United
Nations Relief and Rehabilitation Administration living in the Athens area
had sandfly fever in 1945. Their quarters were sprayed with DDT in 1946,
and no further cases wers reported among 2,000 employees. After 1946, the
use of DDT had ' -ome general in all Greek, Americsn, and British military
installations, ar irom all available reports in 1948, sandfly fever was very rare.
Vector species

In Italy in 1944, P. papatasii was found aseocisted with sandfly fever out-
breaks wherever entomologic investigations were made. The species was abun-
dant and was practically the only one found in the affected buildings in Naples
and Caserta. A number of buildings in which there had been fow or no cases

yielded no sandflies. In the Bari section, P. papatasii in small numbers was
the only species found. While this species occurs throughout Italy and is

% Hallmansn : Beitrag sum Papputncifieher 1941 suf dor Balkanhalbinerl, Deutsche Trep.
Ttsche, 47: 6468, Feb y 1943. Ab et in Trep. Dis. Bull, 40 : §04-000, September 1943,

® Hortig, M.: Phichbotomsus and Residual DDT i Greece and Italy, Am. J. Trep. Med. 29:
773-808, September 1948,
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often the dominant species, it is rather irregular in its distribution. For ex-
ample, in an agricultural village near Naples, sandflies were moderately abun-
dant, chiefly in stables. The principal species was Phlebotomus perniciosus
with only a scattering of P. papatasii. These two species were occasionally
found in small numbers in buildings or masonry ruins in Rome. In the Fifth
U.S. Army area south of the Arno, where there was little sandfly fever among
troops, P. papatasii was rare, while P. perniciosus and Phlebotomus perfiliewi
were fairly abundant, especially in stables. Until actual transmission experi-
ments are undertaken with these and other species, they cannot be ruled out
as vectors of sandfly fever. So far as Italy was concerned, however, Army
experience confirmed the reported close association of P. papatasii with the
disease.
Strains of virus and immunity

The Commission on Neurotropic Virus Diseases, Army F.pidemiological
Board, obtained immunologically identical strains of sandfly fever virus from
Sicily and tks Middle East in 1943. A strain from Naples obtained in 1044
was found to be distinct, with no cross-immunity with the other strains (p.
167). This has some bearing on the general question of repeated attacks of
sandfly fever. Reporis from Italy and the Middle East, and information
from DBritish sources in regard to West Africa,?” indicated that second attacks
had occurred in the same season, especially following a change of station. In
general, the evidence from both civilians and troops who remained in an ares
for successive years indicated that one attack confers a high degres of immunity.

Pacific Areas

No authentic case of sandfly fever is known to have occurred either in
Army personnel or in civilians during military operations in the Southwest
Pacific, Central Pacific, or Western Pacific Areas® Reports of some cases
were made, but none was confirmed on further investigation.

Japan.—This was the only ares in the Pacific for which intelligence re-
ports indicated that sandfly fever had occurred previously. Reports stated
that the disease was “prevalent over practically all of the southern part of
the Japaness Empire.”* If sandfly fever did occur there, the occupation by
U.S. forces was too late in the season to encounter it. Limited inquiry among
the responsible medical profession in Tokyo failed to elicit confirmation of
the presence of the disease in Japan, though occurrence of dengue and other
confusing febrile conditions was admitted.

#(1) Geseral Report, No. 1 Modieal Ressarch Station, Directorate of Biological Resrarch, Britich
Army Modleal Sorvices, datod September 1943 to March 1943, () Sendily Fover and Pyrexias of
Unknown Origin Resembling 1t. (3) See feotnete 13, p. 117.

# This section ou the Pacific areas was written by Lt. Col. (later Col.) Coraeliua B. Pifitp, 8aC,
Executive Ofieer, Scrwb Typhus Team, US.A. Typhus Commimsion, Headquarters, Ofice of the Chief
Surgees, U.5. Army Forces, Westers Pacific.

B Army Serviee Forces Manual N334-13, Civil Afalrs Handbook on Japan, Bection 13, Public
Hoealth and Sanitation, 10 Feb. 1045, p. 91.
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Australia and the Philippines.—In Australia and :he Philippines, three
and seven species of Phlebotomus, respectively, had been described. Only
one speciee in each country, however, had been recorded as attacking man.
The one in Australia is so limited seasonally and geographically as not to
constitute a problem in disease transmission. The species in the Philippines
has been reported as more common in certain areas at the proper season and
was found actually biting troops in the San Jose area of Mindoro at a time
when F.U.O.’s were recorded at the 13th and 165th Station Hospitals. Early
in the action of the Western Visayan Task Force on the beachhead in this
location, 20 cases of sandfly fever for the 4-week period ending on 23 Febru-
ary 1045 were reported to the Office of the Chief Surgeon by a portable surgical
hospital. Most of the cases were later proved to be infectious hepatitis in
the preicteric phase. Nevertheless, many cases of F.U.O. and denguelike
fever, on which terminal diagnosis could not be changed, continued to be
reported as sandfly fever by hospitals in this and other areas of the Philip-
pine Islands. Thirteen iced sers of patients in the febrile stage at the 13th
and 165th Station Hoepitals, Mindoro, were forwarded by Army courier on
10 April 1945 for study by the Army Epidemiological Board in connection
with an experimental assay of sndfly fever and dengue. Results of inocula-
tion of two volunteers with a pool of two of theee sera were negative. The
occurrence of sandfly fever in the Philippine Islands remains doubtful.

New Guinea.—Many reports of “sandfly bites” were received from troops
in beach areas, particularly at Oro Bay and Finschhafen. The only ares in
the mountains from which similar reports were received was Hollandia. In
view of denguelike fevers and F.U.O.'s continuously reported in troops at
the various bases, these reports were closely checked and were found in all
instances to be due to minute biting flies related to Cwlicoides which are often
called “sandflies” in the United States. The capability of these flies to trans-
mit sandfly fever is unknown. Two undescribed species of Phlebotomus were
found to be abundant in the forested areas over most of New Guinea during
and following the rainy season. They were never taken in the act of biting,
and troops on maneuvers or patrol in these places never reported bites of a
nature atiributable to PAlebotomus. It was presumed that the females, which
were captured after recent feeding, had fed on reptiles or other local vertebrate
fauna and not on man.

Sera from patients with fevers of short duration and doubtful diagnosis
were returned from New Guinea by courier for use in volunteers in the afore-
mentioned study. Four strains of typical dengue were recovered, but no ssrum
produced sandfly fever

Although cases of sandfly fever were reported at certain bases in New
Guinea, there was no presumptive evidence that the dissase occurred in troops
during action in New Guinea and adjacent islands in the Southwest Pacific
Area.

» Phllip, C. B.: Infectivity of Dengue Serume Trunsported 1 Ordinary Ice by Alr. Bell. UK.
Army M. Dept. 5(2) : 224-227, February 1948.
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CONTROL AND PROTECTIVE MEASURES

Before the war, no reliable method of controlling Phlebotomus was known.
In the Mediterranean and the Middle East, the British for many years had
practiced certain palliative measures, such as removing rubble, cementing
masonry cracks, and treating soil, particularly cracked soil, around barracks
with creosote or oil. Protective measures consisted chiefly of the use of fine-
mesh bednets, the importance of which has long been recognized. Strong
currents of air, either natural or produced mechanically, were found to be
of some value. Direct killing by means of sprays was also employed. The
only repellent available was citronella oil, of rather limited usefulness.

Repellents

At the beginning of the war, insect repellents became the subject of in-
tensive research by Government agencies and the Armed Forces, chiefly in
connection with mosquitoes and malaria. New repellents were adopted by
the Army in 1942 and were issued toward the end of that year. Indalone
(butopyronoxyl), the first repellent issued, was superseded early in 1943 by
the much more effective Rutgers 612 (2-ethyl-1,3-hexanediol ), and by dimethyl
phthalate. These in turn, as stocks were used up, were replaced by a 6-2-2
mixture of dimethyl phthalate, “612,” and Indalone; this mixture was adopted
late in 1943.

Experimental tests.—Studies carried out by the Corunission on Neuro-
tropic Virus Diseases, Army Epidemiological Board, in Cairo in 1043 showed
dimethyl phthalate to be effective against P. papatasii for a period of 5 to ¥
hours. In an experiment involving two groupe of soldiers, cases of sandfly
fever in & group which used the repellent were markedly fewer than in one
which did net.

Tests of repellents “612,” dimethyl phthalate, and the 6-2-2 mixture car-
ried out in Peru in 1944 » showed that all three were approximately of equal
effectiveness against local species of PAlebotomus. They guve protection for at
least 3 hours and at times for as long as 5 hours. These repellents, developed
for protection agsinst mosquitoes, proved to be even more effective agsinst
sandflies.

It was the personal experience of those conducting investigations in Peru,*
Italy, and Palestine that conscientious uss of any of the Army repellents pro-
vided complete protection against sandfly bites. However, it was the practi-
cally universal experience during the war that it was difficult to get troope to
use repellents against either mosquitoes or sandflies except when the men were
suffering pronounced annoyance from insect bites.

% Hertig, M., and Fairchild, A. G. B.: Studies ou Repellents, Sprays, and Other Coatrel Measures
Agalast Philshotomus Carried Out In the Rimac Valley, Poru, Docomber 1943, January 1944. Moathly
Progress Repert No. 4. Contract No. OEMcmr-39, Buppl. No. 2, for Commitiee on Modical Rossarch
of the Ofies of Sclentific Ressarch and Development, 15 Feb. 1944,

= Hertig, M., and FairchBd, G. B. : The Control of Phichotomus in Feru With DDT. Am. 1. Trep.
Med. 38 : 30T-330, March 1048,
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PROTECTIVE MEASURES IN VARIOUS THEATEKS

Prior to the introduction of DDT in 1944, the protective measures against
sandflies employed by the U.S. Army consisted of th:e use of (1) the sandfly net
(about 30 meshes to the linear inch) which was issned instead of the mosquito
bar made of ordinary unetting (about 18 meshes to the inch), (2) repellents,
and (3) pyrethruin sprays or the Freon-pyrethrum aerosol bowb. Removing
or oiling rubbish heaps and rubble and oiling areas around tents and buildings
were occasionally carried out®

India.—In India in 1943 and 1944, no special protective measures against
sandflies were used. DBeduets were not of the fine-niesh type. Repellents and
insecticides, though used as geueral measures against insects, were not issued
in sufficient quantity until later. In 1945, DDT residual spray was commonly
employed throughout the theater, both in military installatious and in nearby
native dwellings.

Italy.—In Italy, antisandfly measures were instituted within a short time
after the ontbreak of sandfly fever early in July 1944, They consisted chiefly
of the use of repellents, sandfly nets, and the acrosol bomb, and, in some cases,
spraying with DDT. 1In the surveys made by the writer in August 1844, it
was found that there was considerable carelessness and irregularity in the use,
maintenance, and method of using bednets. Also, a number of the nets were
of the coarse-mesh type, which provided no protection against sandflies. Re-
pellents wers not being systematically applied by the troops. Efforts were
made to correct these conditions, with some success. Very few of the U.S.
personnel, including medical officers, had any resl information about sandflies
or even any idea of what they looked like, although in a number of instances
sandflies were abundant and in plain sight on snooth white walls near beds.
The demonstration to both oficers and enlisted men of live sandflies and how
to look for them was found to be a great aid in arousing interest and securing
cooperation in carrying out protective measures.®

The results of the Freon-pyrethrum aerosol bomb were not evaluated at
the time in terms of sandfly reduction. It is known, however, from studies
made in Peru that thorough spraying with pyrethrum or with the aerosol
bomb provides a high degree of protection for a number of hours or even an
entire night.

DDT in Italy.—The residual spraying of quarters with DDT was prac-
ticed on an increasing scale in Italy during the summer of 1944, usually in
connection with malaria control. By the first of August, it had become virtuslly
routine to use DDT wherever outbreaks of sandfly fever appeared. The DDT,
combined with other protective measures, usually caused a prompt improve-
ment of the situation. In studies made during the latter part of the summer,

® Monthly Sanitary Repert, Persian Gaif Service Command, 11 Aug. 1943,

% For the instruction of entomologists, parasitolagists, and medical oficers, severa] Italian spocies
of Phicdotemus were reared at the 18th Medical General Laberatery. Whike the technique Is net
widely known by American entomologiats and requlrrn mowme skill and experience, It bas become more
oF lesn stnndard nnd Is described In the literatnre of experimental studics on the madiyborne discssen.
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it was found that wherever DDT spraying had been adequately carried out,
sandfly fever had ceased, and no more sandflies were to be found. The spraying
was not always done well. For example, the cavalry barracks at Caserta were
sprayed within 2 weeks after the outbreak began, with some improvement in
the sandfly fever situation. However, only hand sprayers were available for
treating this large structure which had very high ceilings. The result was
that only about one-quarter of the necessary quantity of DDT was applied, and
the coverage was very uneven. Sandflies continued to be moderately abundant
in the building. The spraying was done again, more thoroughly, and the
sandflies disappeared.

Controlled experiments were not possible in military installations where
all available protective measures were used simultaneously. However, obser-
vations at various places in Italy, where DDT spraying was done either in
connection with sandfly fever or for other purposes, together with the experi-
mental work to be discussed, warrant the conclusion that DDT residual spray
was the most effective single method of sandfly control.

Experimental Studies With DDT

Preliminary experiments with DDT residual spray in Peru in 1944 gave
promising results. The flight habits of all known species of Phlebotomus
render them extremely vulnerable to the residual action of DDT. They pruceed
normally by means of very short flights with relatively long pauses, so that in
the process of entering a building they spend considerable time on both the
outer and inner walls before attempting to feed (fig. 5).

Toxicity of DDT for Phlebotomus.—In Italy, it was found that contact
for 2 or 3 minutes with residual DDT caused agitation of sandflies and that in
the case of two species & lethal dose was secured within 6 to 15 minutes; P.
papatasii. however, required from 15 to 30 minutes.

Experiments, Naples.—Spraying the outer walls of stone stables in a
village near Naples reduced to stragglers the sandflies which could be found
inside. while normal numbers were found in untreated buildings. P. perniciceus
was the principal species in this area. The effect lasted throughout the 4 to 5
weeks of obeervation.

Experiments, Palestine.—In Palestine, controlled experiments were car-
ried out near the Dead Sea in October and November 1844 ** where P. papatasii
is extremely abundant (fig. 6). It was found that spraying the inner walls
and ceilings of buildings provided complete control, with no bites reported,
while spraying the outer walls or merely the doors and windows, together with
a foot or two of the wall surrounding such openings, reduced sandflies by about
75 percent and gave comparative freedom from bites. An experiment with
sprayed tents, although interrupted, indicated that the results would be com-
parable. It was recommended that rooms be sprayed inside, together with open-

®Hertig, M.. and Fisher, R. A.: Control of Sandfies With DDT. Bull. U.S. Army M. Dept.
88(3) : 97-101, May 1945,
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War 1I, would also doubtless destroy many adnlt sandflies nlong with the
mosqnitoes. This was indicated by incidental observations made by the writer
on sandflies during airspray experimems earviedd ont. by the US. Army in
Panama in 1945, but the data are not conclusive since the experimental areas
to begin with had relatively few sandflies.

In the event of military operations in a forest nrea where sandflies were
disease transmitters or pests, residunl DDT on tentage or structures could
be expected to give indoor protection. In addition, the writer considers it
probable that considerable rednction of sandflies in the immediate area could
he achieved by spraying exposed rocky surfaces and the buttresses and trunks
of larger trees, with particular attention to hollow trees and to places where
animals were picketed or corralled. This statement is based on the writer’s
observation on the habits of sandflies in forests both in Panama and in Para-
guany. They commonly alight on larger objects in their path, which could
lie rendered lethal by DDT.

Airspray.—The effect of airspray in village or urban areas nay merit
investigation. A suburb of Athens was sprayed from the air during the sum-
mer of 1946, There was consistent local testimony that sandflies had been
abundant but ceased to give nnnoyance. Since n method of this type might
linve military applications, it wonld be desirable to determine experimentnlly
the limits of its usefulness.

SUMMARY

Of the sandflyborne diseases, only sandfly fever was an important mili-
tary problem during World War II. A general account of the epidemiology
and military history of the disease is given. Over 18,000 cases were reported
in U.S. troops from the Middle East, Asiatic, and Mediterranean theaters
(tnble 20). Undoubtedly, a great many additional cases were reported as
F.U.O.s, and it is probable that the total of sandfly fever cases approached
24,000. Areas with particnlarly high rates were Sicily (during the invnsion
in 1943), and the Persian Gulf Command.

The greatest incidence among troops in actual combat was during the
Sicily Campaign in the summer of 1943. Military operations were also hamp-
ered by sandfly fever in Italy in 1944,

Sandfly fever occurred only in known endemic areas, with the exception
of the eastern part of India and parts of Burma where it had not previously
been recognized. Association with P. papataesii, known to be a vector, was
demonstrated in Italy and the Middle East. Species of Phlebotomus were
present in all areas where the disease occurred.

Special studies on the etiology and transmission of s udfly fever were
carried out in the Mediterranean and Middle East theaters in 194]. Two
immunologically distinet strains were isolated. Epidemiologic and entomo-
logic studies were made in Italy and Palestine during 1944.

In all theaters, the standard protective measures against biting insects,
inclnding mosquitoes and sandflies, were available. These consisted chiefly
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of repellents, saudily nets, and the Freon pyretheni, s coso daapensers,  “Fhese
muterinls, when properly nsed, weve proved (o be effective. bt 1hair applica
tion was sometimes irregular.  Control studies mnde i ey, Palestine, 1o,
and Greece shawed tlmt the DDT resulnal spray wax extremel: effiective
agminst sandflies.  ‘The method of applying residan? DT, which has levone
stndnrd in malaria control, nmmely, spraynz ilw iuner widls and ceilings
of dwellings and aninl shelters, also gives virtially complete protection
agninst sandflies mdomx aned, iz 1he ense of compact conmaninwes, satdones
as well ax within the trenfed nven,

Part 1l. Experimental Studies

Albert B. Sabin, M.D.
HISTORIC.AL NOTE

Al that was kaown with certainty in 1940 coneerning the virns of samxdfly
fever wans that it. wus n Gilternble ngent present in the blood of patients 1 (02
tays before midd for 1 day after onset of the iever, and that 7°. papatasii was
enpable of transmitting the infection from man tn man.  Sinee the elinieal
manifestations of sandfly fever are not in themselves sufficiruily e'mmcteristic
to perniit identilicatione of an nukuown, filterahle agent, it wns clear to the
critical investigmtor that prinry identiticn ion of the virus of sindfly fes or was
a difficult nntter which could not be reganded as complete without the denyon-
stration of its transmimsibility by 7°. papatanii.  Sinee this type of critiesl
identification was apparently toa diflicult for most investigutors, the literature
contained a good many incomplete olvervations and conclusions lased on inads-
gquatelatn which at best left the suhject in a somewhat confused state.

The work reportead by Shortt and hix associates* in India betwiren 1934
and 1939 was particularly intrigning, althongh inconclusive. These mvest-
gators reported that human infections »erum (presumably containing the sand-
fly fever virus) produced a fehrile illness in Macacn rhexus monkeys.  Nithough
the blood of such monkeyr npon inoculation in human volunteers produced.
after an incubation period of & to 7 ayx, ouly vague symptoms of headache
and generalized malaise without Wlistinct fever (which might have been mild
serinm sickness), and although no sudies on the leukocytes were enrried out
nor passuge to other valunteers attempted, it was, nevertheless, concluded that
sandfly fever “appears” to have been transmitted to monkeys.

= (1) Bhortd, 8. F.. Pvole, L. T., nnd Ktephens, K. ).: Randfiy Fever on Ihe Indian Fronller : A
Preliminary Note on Home laboralory Investigallons. 3. Rey. Army M. Corpe 63: 361, eermber
1934 64: 17, Janwnry 1935,  (2) Rhortt, 1. I, Ras, k. K. and Swaminath. C. £.: Cultivalion of the
Viruses of Snadily Fever and Ilengue Fever on (he Charie allaniole Memdrane of Ihe Chick: Embryo
Indlan 3. M. Research 23: REN-870. April I1D38. (3} Rhartl, H. K. Fandll, C, G, and Ran, R 1.
The Virun of Randfly Fever In t'ultare and Certaln of lis I'roperties. I1ndian I M. Resrareh 268 ¢
228 2319, July 1938,
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Shortt nnd varions associates also report--t that infectious hnmman serim
(again presnmubly containing the «=ndfly fever virus) produced lesions on the
chorio-ullantoie membrane of en.bryonated eggs, which could be timnsmitted
in series with filtered extructs of these membrunes nnd be prevented from de-
veloping by the sermm of patients convalescent from sundfly feve:  “hey
conchided from these dutw thnt “the virus of sandfly fever has been enh.  ed
by the chorio-ullantoic membrane tecluique nnd in tissne cultnre and the enl-
tures carried throngh mnnerons passages.” Then. on the nssimnption that. the
produetion of lesions on the chorio-allantoie mewmbrane could be used as an
indicutor of the presence of virus, these investigators reported on vurions prop-
erties of this virus. Thus, the virus was said to have a size of 160 mu.*

In a communication presented at the Third International Congress of
Microhiology in 1939, Shortt and his coworkers *® smommrized their studies
on the sandfly fever virus as follows:

This virus has been maintalued In culture on the chorlo-allantoic membrane of chick
embryos and In tissue culture for 41 and 41 punsnges, respectively,

The cxltured virus has deen shown to posaexs no pathogenic propertics for man and
laboratory animals, whatever the route of inoculotion.

The virus lins been demonsirated In the bloodstream of monkeys Inoculated subcuta-
neounly up to a nmximum of 19 dayx. In human cages of the dlsease occurring naturally,

the virus is nsnally demonstrable In the bloodstreamn for 7 days, and In o ense was
demonstrable for 28 days.

In the case of inoculated wmonkeys, nentraiizing antlbodles have been funnd present
up to at least 69 days. Attempts al the prophylactle Inoculailon of human belngs with a
vaccine containing live virus have been made. Two doges of vaccine, with a week's inter-
val hetween doses, were given. In the inoculatetl persons, the presence of virus clreulating
In the peripheral hlood was demonstrated 5 dnys after the second dose of viuceine, Thirty-
five days after the second dose of vacclne the rera of some of the vaccirated persons
showed the presence of neutrailzlng antibodles, whiie those of others shinllarly vacecinated
talled to do so. Infection of the vaccinnted persons and controls with Infectlve serum
fram sandfly fever cnses gave inconclusive resnlts.

Thus, nlthough the cnltirred virus was not patliogenic for man and the
infection experiments in persons vaccimted with this cultured material gave
inconclusive resilts, these investigators did not entertnin the conclisian that
they might not be dealing with the virns of sandfly fever. Fuithermore, al-
though in experiments on human volunteers the virus of sandfly fever had not
been found beyond 24 hours after onset of the fever, the chorio-allantoic mem-
brane technique seemed to reveal the presence of a lesion-producing agent
(virus?) for as long as 7 duys and, in one instance, for 28 days,

While the experiments of Shortt and his coworkers with chick e.nbryos
were thus inconclusive, they were, nevertheless, followed hy reports of Russian
workers in 1940 and 1941 which, however, did not become available to ns until

% The figure of 160 mx should aclnally have been given as 190 10 285 mg. since the membrane wilh
an average pore dlameter of 430 mx just permitted the “activily*” tv pass, while lhe 380 mx-membrane
held 1t back. Using Elford's generally accepted formula, the particle stse shoulil have been taken as
% to & of 330 ma.

® fihortt, ¥I. E., Pandit, C. G., and Anderson, W. M, E.: Studies on Sandfly Fever, Abstracts of
Commualeations, Third International Congress for Mlcroblology, 1939, p. 133.
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they were abstracted in the T'ropical Discases Bulletin in April 1943, In the
1940 report, Demina and Levitanskaja® stated not only that the sundfly
fever virns (sernm of patients with the disease) produced lesions in the
chorio-allantoic membrane, which could be prevented by mmmme serum, but
also that the whole membrane and whole embryos produced “typical phleboto-
mus fever” in eight human volunteers. It was added, however, that “injection
into seven volunteers of [suspensions of | pieces of chorio-allantoic membrane
taken neur the site of inoculation (from primnry and subcultures) failed to
produce infection or immunity.” In the 1941 report, Demina ** stated that
sundfly fever virus inoculated directly mto the yolk suc of chick embryos
produced cnltures in which both the chorio-allantoic membrane and embryo
were virulent, as demonstrated by successful infection of mental patients. The
abstract farther went on to say:

¢ * ¢ Of the two stralns maintalned by her, one was virulent after 30 subcultures,
the other after 26, thongh in both the virulence wis contlnuonsiy amanifested only till

the tenth subculture. Later pussages behaved in an Irregular manner, some loslng not
only thelr virunlence but also thelr antlgenle propertles.

Aside from: these rather conflicting reports on the behavior of the samlfly
fever virus in chick embryos, the available data indicated that no clinically
apparent disease was produced in guinea pigs, rabbits, or dogs as a result of
extranenral injection of human serum containing the virus. There wans no
record that the method of intracerebral inocnlation of rodents had been
explored.

As regards the natural history of the virns, nothing was known of its
possible presence in hosts other than man and P. papatasii. 1t was assumed
that the virus persisted in nature as a resnlt of transovarian passage from one
generation of infected Phlebotom: to another—an assumption which received
considerable support from the rather detailed experiments on humnan volun-
teers reported in 1937 by the Russian investigators, Moshkovsky and his
associates.*

OBJECTIVES OF RESEARCH

‘The high incidence of sandfly fever among British troops stationed in
Palestine and the Middle East ** since 1939 and its appearance among A meri-
can troops in the Middle East and the Persian Gulf Commands,** as well as
in the Asiatic theaters in 1942 (p. 118), led the Commission on Neurotropic

= Demina. N. A, and Tevitanskaja, P. B.: Studles on I'appataci Fever. X. Attempts to Cultivate
the Virus oa the Chorio-allantols of Chick Embryo. Med. Parasltol. (Moscow) 0: 272-254, 1940.
Abstract In Trop. Dis. Bull. 40: 305, April 1943.

“# Demina, N. A.: Studies on Pappataei Fever. X1. Further Invemigations on the Pappatacl
Virus in Culture. Med. Parasitol. (Moscow) 10: 271- 283, 194]1. Abstract In Trop. Dis. Bull.
40: 305, April 1943.

1 Moshkovsky, 8. D.. Demina, N. A, and others: Studles on Pappatacl Fever. VIII. On the
Presence of the Virus In Phlebotomi Born From Egga Laid by Infected Females. Med. Parasitol
(Moscow) 8: 922, 1937,

(1) Walker, A. 8, and Dods, L.: Clinical Impressions of an Epidemic «f Sandlly Fever In
Palestine During 1940, M.J. Australin 1: 345-349, March 1941, {2) See footnote 13, p. 117.
< See footnote 135, p. 118.
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Virus Diseases, Army Epidemiological Board, to mndertake experimental
studies on this disease. The first group to concern itself with this work con-
sisted of Dr. John R. Paul, Director of the Commission; Maj. (later Col.)
Cornelius B. Plilip, SnC, an entomologist ; and this anthor, a virologist. This
gron)» of workers made u preliminary survey of the disease in the Middle East
and Palestine and set np an experimental ward and laboratory as part of the
38th Geneval Hospital at Cnmp Russell B. Huackstep in the desert approxi-
mately 8 miles outside of Cniro. One building was especially altered for this
purpose and screened with special care against sandflies. It was ready for use
on 20 May 1943 and was maintained as an active Jaboratory until 15 December
1943, The objectives of research on this disease were as follows:

1. As an immediate step, to determine whether any of the available
mosquito repellents might be effective in proiecting agninst the bites of .
pupataxii,a procedure which might then be used in an attempt to protect agninst
this disease.

2, To recover one or more strains of the virus of sandfly fever by repro-
duction of the disease in human volunteers and to make positive identification
by transmission through P. papatasii raised in the laboratory from ova of flies
previously proved to be noninfective.

3. To attempt to infect a large variety of lower animals and to cultivate
the virus in embryonated eggs, simultaneously with the work on infection of
human volunteers.

4. To develop an adequate source of the virus from lower animals, em-
bryonated eggs, insects, or human beings, which might be used for the elabora-
tion of a specific diagnostic test as well as for studies on artificial immunization
against the disease.

5. To investigate the possibility of transmission by vectors other than 2.
papatasii, especially parasitic arthropods indigenons to epidemic zones and
mosquitoes prevalent in the United States.

EFFECTIVENESS OF REPELLENTS UNDER NATURAL CONDITIONS

In May 1943, nothing was as yet known regarding the effectiveness of
DDT against P. papatasii. It was also clear at that time that no matter how
successful the experimental studies on sandfly fever during the coming sum-
mer might prove to be, they would have nothing to offer in the way of specific
biologic control during the 1943 season. An immediate investigation of the
possible value of insect repellents then available to the Army in large quan-
tities was, therefore, indicated as a measure which might be of practical value
in the control of the disease in the forthcoming months. This study was
carried out with the help of Prof. S. Adler and Mr. 8. Arkin, of the Hebrew
TUniversity in Jerusalem. Lt. Col. C. H. S. Little, British Deputy Director of
Medical Services in Palestine, not only lent his cooperation but also served
as a volunteer in the studies. Two repellents, greaseless and practically odor-
less after application, were investigated: (1) A British preparation consisting
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of a vanishing cream containing pyrethrum, and (2) an Awerienu tlhnd prepa-
retion (called Skat commercially) containing dimethyl phthalate. 1’rofessor
Adler pointed onty and it was later confirmed by observation, that dnring a
period of study us short as 15 minntes the lnrgest mmuber of bites und feeds
might be expected from Phlebotome contained i a closed test tube, a lesser
number from flies in an apen ganze-coveved tube, und leust of all from flies
in a fonirly large nauslin-covered wire cage. Areas of skin (ubont 1.5 e, in
diameter; that is, the internal dimmeter of the test tube) on the flexor surface
of the forearms either treated with repellent or untreated were to be exposed
to approximately 20 unfed Phichotomi. While this method of testing did
nat reprodnce natural conditions, it, nevertheless, provided a technique by
which the effectiveness of different. repellents conld be estinmted und com-
pared. 'To supplement these tests, the sume repellents were nlso stidied under
natural conditions in sleeping vooms ocenpied simultaneansly by treated aund
untreated individnals,  The large nmnbers of ?Alebotomns flies reqnived for
these tests could be obtnined on short notice at that time of the year only at
the Dead Sea post where quarters and fncilities for this work weve obtained
through the courtesy of the Palestine Iotush Company. Mr. Belferman, the
walaria control officer of the company, not only nude nll the arrangements for
the working and sleeping rooms but nlso helped find aund cateh the £*Alebotvmi
which were needed for the experiments. Seven .Awmerican volmteers, of the
Levant Service Commmand, attnched to the 24th Station Iospital in Tel-
Litwinsky, Palestine, participuted in this study.

The closed-tube tests swmmurized in table 21 indieated thut both the
British und Americnn preparations possessed repellent properties but that the
effects produeed by them under the special experimental canditions were some-
what different:

1. The protection afforded by dimethyl phthalate, while it lasted, was
almost. complete ngainst both biting und feeding. With the British cream,
however, the hites were greatly rednced in mmuber but not entirely prevented
although, with few exceptions, it so affected the treated skin that the flies fuiled
to feed on it for a longer period thun in the case of the dimethyl phthalate,

2. With diinethyl phthalate, the period of protection ended, that is, the flies
bit and fed again as on the coutrol areus, ut 614, 7, and 8 hours, respectively,
in the three subjects. With the British cream, a definite endpoint was not
established because the protection was only partiul against biting throughout
the period of the test, but still practically complete at the end of 9 hours as
regards the failure of the flies to engorge on the treated skin.

The open-tube tests were unsatisfactory except in two volunteers who
were treated with dimethyl phthalate. The resulis again indicated that this
preparation protects for G to 7 hours but not for 8 hours under the conditions
of these tests. The impression gained from the control tests under natural
conditions in sleeping quarters was that both the dimethyl phthalate and the
British cream, when properly applied to all the exposed skin surfaces, may
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TAsLE 21.-—Repellent tests against 1°, papatasii, closcd-tube method

Eflect of applying approximately 20 female flies first to treated and then to
untreated site 1
vy 8 Subject B Bubjers €
pfter ubjct A blect ubjer: C
Repellent tested .p'lﬂ; &
cat
Treated Untreated Treated Untrested Treat] I Untreatcd
- -~ —— I
Bites |Feeds| Bites | Feetls| Bites |Feeds| Bltes {Fends, Rites Foeds| Bltes, |Feeds
i .
! 10 ul 1 ] e
Dimethy{ phthalate..._.. 3 o| o] o] so of o 2 ! 2| 2 0 0
4 ol o ol o ol o 2| o 1 1 0 q
130 1 1 ] 2 i ¢ [ 2 0| e [ s
7 of of ) w| = 7 20 o 3 7
8 ? 8 2| s I3 t 4 2
Subjct D Subject € Suhject F
] 10 1 ] " 10
British pyrethrum cream . 3 1 0 1 1 5 1 ol o 1 0 4 4
1 3 0 2 1 2 0 ol o 3 o 1 t
64 3] of el o 4 2 2] o 2 [ s 1
7 ] 0. 1 1 4| o 5 2 s/ o 0 [}
) [ 2, 4| 2 21 o 7 3 s! o 2 2
0 al o s} a 5| 1 4l 3| 8| o 3 3
l i
1 Floxor surface of left forearm d with repelient; right t d; dirferent batches of 20 Bies were used
for each teet.

2 The failure of the fliea proviously axposed to the created side to bite or feed on 1he untreated side shows the extent
to which the flies were “knocked out'* by the repeliant.

Note.~The {talic figures represent the behavior of the flies ol the untreated skin and are the control for evalusting
the of 1he rep tested.,

give adequate protection against the bites of P. papatasii during the usual
8-hour period of sleep (table 22).

None of the exposed American volunteers developed sandfly fever, sug-
gesting that the Phlebotomi which were used either had a very low infection
rate or were uninfected—a factor of importance since the progeny of these
flies were subsequently used for the experimental transmission tests in the
desert laboratory.

As a result of these studies ** and in the absence of any specific immuno-
logic methods of control, it was believed that for 1043 repellents might probably
be used with profit in attempts to reduce noneffectiveness due to disease and
loes of sleep resulting from the bites of P. papatasii. The studies indicated
that in routine practice two applications of the repellent would be required,
one at sunset and one before retiring. It was estimated that the total amount
of liquid repellent required per man per day would be about 10 cc.

4 (1) Letter, Maj. Albert B. Babin, MC, Virus Commission, Headquarters, U.B. Army Forces in
the Mlddle East, to Col. 8. Bayne-Jones, MC, Division of Preveative Medicine Service, Office of The
Sargeon Generzl, 14 June 1843, Report losed thereto, subject : Preilminary Observations on the
Effectiveneas of Certain Repellents Agalnst PAlebotomus papatasii. (2) Bee footuvote 7, p. 110.
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TasLe 22.—Effect of repellents under nalural condilions in sleeping quarlers al night

! 14 May 1943 | 15 May 190
Hoom Rubject —_ ] —
Treatment Resull Treatment Resull

S___.._..] Untreated..._.| Unable to sleep || Untreated for \ 25 bites.
because of first 10
Innumerable || minutes,
bites all | Dimethyl 8Slept through
through the phthalate, . night; no
night until Exposed un- . bites.

1 6 a.m. when ! treated chiest 2 bites within

subject aroee. at 6 a.m. 2 miuntes.

L. __..__| British cream | Blept through Untreated for 25 bites.

applied night; 1 bite first 10
12:30. on arm, 7 minutes.
a.m., 1 biteon
ankle, 8 a.m.

Sa....-.. Untreated. ... Unable to sleep || Untreated. ._.._.| Unable to sleep
because of in- | because of in-
numerable numerable
bites. | bites.

2 i8e . British cream | No bites felt; British cream___.| No bites; slept
| applied slept right right through
| 10:45 p.m. through night. night.
ilp. . ___| Dimethyl No bites; slept || Dimethyl Deo.
| phthalate, right through phthalate.

il p.m. night.

D ...... Untreated....| Felt no bites; Untreated. .. .- .| Bltten many
siept welld || times.

A ol do..o.._. ... doto_____._ L do___._._._ Bitten many

‘i times; unable
| to sleep.
3ipo ..... British cream. |- ... .doJ.. .._._.|| British cream___| No bites felt;
slept right
through night.
Dr ....| Dimethyl  ([..__. do.)..__..._|| Dimethyl Deo.
phthalste. phthalate.
11t was » cool night end subj) p y covered with blankets,

Noarz.—Approximately 150 unied feale P. pepetesii libarated in sach room on the night of 14 May. On the night of
18 May, approrimataly 140 were liberated in room 1, 125 in room 2, end 200-250 in room 3.

The effectiveness of dimethyl phthalate for the control of sandfly fever
under natural conditions was tested during & small outbreak amorg Ameri-
cans quartered in an inhabited area of Cairo, Egypt, during September and
Oc*ober 1943. The results, published in detail, by Philip, Paul, and Sabin +*
were a8 follows:

The men in a given barracks were divided into tv'o groups. The repeiient was issned
to one group [82 men to begin with] and an inert control sointion to the other {88 men to

% See footnote 14(1), p. 117,
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begin with]. Directions for the application of these soiutions when the men retired at
night were the same for each group. Of the men receiving the repellent, 42 percent re-
ported relief from bites; of those receiving the control soiution, 12 percent reported reiief.
Of the men recelving the repellent, 2 acquired sandfly fever during the 5-week experimental
period ; niid of those recelving the control solutions and no solution, 12 acquired sandHy
fever. Both men who “used” the repellent and acquired sandfly fever acknowledged that
they had not fnllowed directlons and had failed to apply it for several consecutive mights
prior to acquisltion of the disease. ®* * * Dimethyl phthalate as nn Insect repellent is
reconunended as a method for the control of sandfly fever. It has heen tested daring an
epldemie and shown to be of apparent value.

STUDIES ON AMERICAN VOLUNTEERS IN EGYPT, 1943

Recovery of agent.—The source of sandfly fever virns was the blood of
patients in the first 24 hours of the disease. The patients came from among
British troops who had contracted the disease in the vicinity of Cairo and from
among U.S. troops stationed at Deversoir Field on the Suez Canal. Approxi-
mately 50 cc. of blood was obtained from each patient ; the serun was separated
and stored in the frozen state at the low temperature produced hy solid Q..
The following points were established in each ease before any serur.a was in-
cinded in the pool that was to be inoculated into t he human volunteers:

1. The subsequent clinical source of the disense had to be compatible with
that of sandfly fever.

2. The presence of P. papatasii in the area from which the patient came
had to be demonstrated by a member of the Virus Commission.

3. The patient’s past history should have had nothing to contraindicate the
use of his sernm in other human heings—syphilis and jaundiee having been
especially ruled out.

4. A negative Kahn test and bacteriologic sterility had to be established.

When a sufficient amount of serum satisfying thes: eriteria had been ac-
cumulated, & pool derived from 11 patients was prepared, and on & selected day
the pooled serum was inoculated into human volunteers, monkeys, hamsters,
white mice, gray mice, desert rats, rabbits, and guinea pigs. The same poozed
serum was also inoculated by different routes into embryonated eggs onto the
chorio-allantoic membrane, into the allantoie sac, or into the yolk sac.

The human volunteers were chosen from among U.S. troops without a
previous history of sandfly fever who had arrived from the United States after
the last sandfly season. They were quarantined in special, air-conditioned,
sandfly-proofed roonmis for a period of 10 days, the maximum known incenba-
tion period of the disease. At the end of this period of quaraniine, auring
which baseline observations were made on temperature, pulse, and leukocyte
count, each of the first four volunteers was inoculated with 1 ce. of the pool of
acute sandfly fever serum—0.1 cc. intracntaneously and 0.9 cc. subcutaneously.
After an incubation period of 4 to 6 days, three of the four volunteers developed
the typical symptoms and fever of the natural disease (cliart 3). During the
course of subsequent experiments with insects, five additional volunteers were
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CHART 3.—Eczperimental sandfly fever in Amcrivan volunteers in Egypt
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each inoculated with 0.3 ce. of the snme pool of acute sandfly fever sernu, and
nll developed the typical expevimmentnl disease after the usnal incubation
periods.  As each volunteer developed this fever, 50 to 75 cc. of blood was
obtained, nnd the frozen serum was saved as a supply of potentially infective
virus. During the course of certain other experiments, two human volunteers
were inocilated with a pool of sernm from the fivst gronp of volunteers and
both developed typicen] experimental sandfly fever nfter the usual incubation
period. Thus, it was possible to demonstrnte not only that nn infective ngent
was obtnined from the serum of patients with the naturally ocenrring disease
but also thnt the bacteria-free agent wns cnpable of transmission in series.
While the circumstantial epidemiologic evidence taken together with the clini-
cal manifestntious of the experimentul disense strongly snggested that the agent
recovered was the virus of sandfly fever, it was, uevertheless, still necessavy to
satisfy another criterion ; namely, that of transmissian by 7°. papatasii.

Hepatitis virus in pool of serum.—It should be noted here that despite
all the cave that was taken in the selection of the original group of patients
with the naturally occurring disease, the originul pool of serum thnt was used to
inoculate the first hnman volunteers contained, in addition to the infectious
ngent of sandfly fever, another agent capable of producing hepatitis with jaun-
dice. Of the 10 human volanteers who were inoculated with this pool for the
transniission of snudfly fever, 4 also developed lepatitis with jnundice 72 to
94 days after the lirt inocalation. The same pool of serum wns subsequently
injected parenterally in huwman volunteers in the United States and three of
the five developed hepatitis with janudice. .\ further complication occurred
when the sermn of one of these volunteers in Egypt, abtained 34 days after
inocnlation with the originnl pool and 60 days prior to his development of
hepatitis with janndice, was used after Leating at 56° C. for a half hour as
control skin-test mnterial in eight of the personuel associuted with the hospital
and lnboratory of the Commission. Three of these eight individuals developed
hepatitis with janndice after iucnbntion periods of 94 to 132 days. The details
of this intercurrent hepatitis experience were reported by Paul, Havens, Sabin,
and Philip.*

Experimental transmission of sandfly fever agent by P. papalasii.—
The P. papatesii used for these tests were reared in the Commission laboratory
from ovn derived from the stock collected in May 1943, in the Dead Sea aren
during the experiments on insect repellents. Becanse of the restricted resi-
dence of the local populntion nud becnuse the parent flies fuiled to produce the
disense in eight American volunteers, who were bitten by large nuinbers of
them, the stock of sandflies was regarded as uninfected and, therefore, especially
snited for the transmission experiments. The other bloodsucking insects used
in the first test cousisted of fleas (P’wlex irritans) collected from native clothing
in an Egyptian villnge, and (wler pipiens mosquitoes collected at Deversoir

“ Paul. J. R, llaveas, W, P, Jr., 8abin, A. B, and Phllip, €. R.: Transmisxlon Experiments In
Serum Jaundice and Infectlous WNepatitls. JAMA. 128: 911-815, Jaly 1945,
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Field duriug nn onthirenk of saudfy fever muong American troops. These
three species of Dloodsucking inseets were fel on three of the fiest group of
lmman volunteers duving the fivst 24 houes of 1he expevimental disense.  After
extriusic inenbation pervinds which vavied from 8 to 18 days, the survivars were
allowed to bite lnmau volunteem—two subjeets being used for each species of
msect.  One voluuteer, on wham 13 220 papatusii Tad fed ileveloped typieal
smidfly fever nfter an incnbation pevied of about 31, :lays, while anotler, on
whow 21 engorged one or mare times, exhihited neo signs of the disease.  None
of 1hose bitten by either /2. frvitans or €. pipiens developed the ilisense.  In
the 72, irvitanx tests, 23 inseets fed aue or move times on each of the two vohw-
teevs, while iu the ense of €. pipiens, 11 inseets fed one or more tumes on one
voluuteer nnd 7 iusects ane or more times on the ather, It shanld be noted
thit the five volunteers wlha fuiled to develop the disense were subsequently
showu to be susceptible when they developed typical saudfy fever after an
intrncutaueons injectian of 0.3 ce. of the infections serum constifwting the pool
obtained from the original lot of nntaeally infeeted putieuts.

lu a subsequent experiment, auother lot af snudtlies venved from ova in
the laboratory was fed on two volinteers wbho were inocnlnted with the seriun
obtained from individuals with the experimentally induced illness.  After
snitnble incubation periods, these sandf@lies weve allowed to feed on twa nddi-
tional hinman volunteers, one of wham developed typienl sandfly fever (bitten
by 13 flies), while the other (bitten by 12 flics) fuiled ta develop the disense,
This, in two sepnrvate experiments, it was possible ta demousteate that the
mfertions agent which was capable of reproduciug the manifestations of
untwrnlly ocenrving sandfly fever wns ulso transmissible hy 22, pepataxii, hat
not by €7, pipiens I ievitans, and in iter experiments also not by cledes crgypti
(vhavt 4). It is noteworthy that ather sandflies renred in the Inboratory,
which were nat allawed to feed on infected patients, were fanmd ta be free of
the virus, as demonstrated by tests on two hunom volunteers wha were bitten
by 5t and 91 flies, respectively. At least ane of these two volimteers wns Inter
shown ta be susceptihle ta the virns when he develaped the disease fallawing
a paventernl ingenhition of nfections sermm, It shonld be nated here that
additionn] experiments with €', pipienx also vielded negative results i three
volmteers, The extrinsic inenhation perinds were purposely pralanged (1)
to compare with the experience with yellaw fever in which unfavorable mos-
quito hosts nmy hecawe infeetians after u longer extrinsie inenbation period
than is vequired for (L. aegypti. aud (2) in case ocenlt virus was present which
needed stimulation by repeated blood menls. The conelusion fram these tests
wax that, excepting /2. papatasii, none of the other bloodsneking nsects which
were tested could play important, if any, roles us vectors of this virns,

The question of interstudinl or transavarinl transmissian of the virns
wus tested in the Conmission labormtory, as follows: (1) 2% papataxii lavvae
were nllowed ta ingest lyophilized virus (lmmnnn serum) and the vesulting adults
were tested on nmmn valimteers with negative results, nand (2) 2% papatasii
hatehed ont. in the hiboratory from ova devived from puvent females of proved
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CHART 4—Capacity of various bloodsucking insects fo transmit phlehotomus fever
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infections capacity as late a3 8 to 10 days after the infectious blood meal failed
to produce the disease in human volunteers. While these experiments were
not extensive, they indicated that the virus did not pass from generation to
generation in all infected flies; however, it was realized that this question could
not be regarded as having been settled, particularly in view of Whittingham's *r

7 8ee footnote 0(2), p. 113,
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and Moshkovsky's * experiments which still left the possibility that such
un event. might ocan oceasionally.

Attempted propagation of the virus.—Using hnnmn seram, whose path-
ogrenicity was established by simmltuneons tests in linnan volnnteers, in-
ocnlatious were performed by the intracerebval, intramasal, intracntanecus,
subeutaneons, intratestienlar, and intrapevitoneal rontes in monkeys, ymmg
lmmstevs, yonng albino mice, wild geny mice, desert rats, mbbits, and gninen
pigs. In the first sevies of tests, there wus no suggestion of reaction inuny of the
animinls except the hamsters, where it is probable that some infections agent
was envried for two pnssages before it was lost.

Two of the six hamsters wlich were first ivoenlated sneenmbed wich
nervois signs on the fifth day. One died and the other was saeviticed, and
suspensions of their hrins nnd viscern, which were bacteriologically sterile,
were passaged into three new hamsters, One of these three again snceumbed
with sinnilar severe nevvons signs 3 danys nfter inoenlation.  Xlthough its brain
and viscern were Imeteriologically stervile, there was histologic evidence of
uente ependymitis and meningitis s well ns foenl necrotic nnd inflmnumtory
foci in the liver. Nevertheless, further possage inta hew humsters was nega-
tive, ns were also repented inocnlations of the materint from the first two
lmmsters into six new ones, and of the original pool of weate sandfly fever
sernm into six additional hamsters.  In addition to these tests, hamsters were
ulso inoenlated with whole blood or sernm from other acnte cases of natural
or experimental sandfly fever as well us with a suspension of infected 2.
papataxii,but all with negative resnlts. The total nnuber of hansters nsed
in these tests was 58, and a1l thut one enn conelnde is that no clinieally apparent.
infection ean be prodirced with regatlurity in these aninmls by the sundfly fever
virus. Siuce no tests on hnman volnnteers were carried ont, one ean sny nothing
nhout the possibility of clinically imppurent propagntion of the virns in this
species,

The snsceptibility of white nrice was also tested extensively in 74 mmimals,
using the same material inoculated in hinmstevs.  The resnlts were nll negative
inchiding blind passnge with the hrains nnd Inngs of the inocnlnted mice,

Ten monkeys representing five different species were inocnlated intr-
cerebrally, intruentaneously, snbentaneously, and intvaperitoneally with in-
fections serum or whole blood from cases of natnral or experimiental sandfly
fever. There were three grivets ((‘ercopithecus griscoviridiz), two vervets
(Cercopithecus acthiops centraliz), two ved African hussars (Coreopithecus
(E'rythrocebus] patax), one Macacw radiata frow Indin, and two young Imboons
(Papio hnmadryas). No fever or other clinienl manifestutions of disease were
observed in any of them. With the exception of the three grivets. which had
been in Chiro for at lenst 1 yenr, and the M. radiate, whose history was un-
known, the ot lier monkeys were bronght by pline from regrions of Africa which
are presnmably free of sandfly fever and I’. papatasii.

* See foolnote 41, p. 134,
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In view of the reports and conclusions of Shortt and others that the virus
of sandfly fever liad been cultivated on the chorio-allantoic membrane of em-
bryonated eggs with the production of plagnes which could be prevented by
convalescent sernm, special efforts were made with this method. Among
twenty-two 10-day embryonated eggs inocnlated in this manner with the pool
of acute sandfly serum of proved potency and with the sera from five acute
cases of the natural or experimental disease, all embryos survived «nd only
one egg exhibited a single plaque on the chorio-allantoi¢ membrave. On pas-
sage of a suspension of thic membrane into fonr new eggs, one egg again
showed an opaque zoue on the chorio-allantoic membrane, but tlie same was
fonnd in one of three contirol eggs which were inoculated with the 5 pereent.
normal chicken serumn-Tyvode’s solution which was used to suspend the original
membrane.

Five blind passages at 4-day intervals were carried out in eighteen 8-day
eggs inoculated into the ullantoic sac and six passages at similar intervals in
twenty-three 6- to 7-day eggs inoculated into the volk sac. No evidence of
pathogenicity for the chick embryo was observed. Inoculation of hamsters
and white wmice with the first and fifth passage allantoic fluid and fourth pas-
suge volk sue vielded wegative results. Negative results were also obtained
when the allantoie Huid and yolk sac suspensions were used as antigens in
complement fixation tests with convalescent sera from patients with the experi-
mental disease. Thus, althongh volunteers were not inoculated with any of
the chick embryo material, snaking it impossible to conclnde that the virus did
not multiply in the embryonated eggs, it was, nevertheless, apparent that the
chick embryvo could not. he used either for identification of the virus or for
detection of the specific antibody, as the reports of Shortt and his associates
had led oue to hope.

Search for a specific or nonspecific diagnostic test.—Precipitin, com-
plement fixation, and hemagglutinntion tests were tried using the acute stage
serum obtained from natural or experimental cuses of the diseaze, or an extract
of P. pupntasii fed on experimentally infected volunteers as the antigen, and
convalescent sera from naturnl and experimental cuses as the antibody. All
yielded uegative resnlts. Awn atteupt was made to determine whether ar not. a
skin test might he devised by testing the effect of fresh and heat-inactivated
infectious sera in normal individuals and in volunteers convalescent from the
experimiental disease. However, no significant skin reactions were obtained
in any of them. Nonspecific tests in the form of sheep cell agglutinins and
cold agglutinins were also investigated with negative vesults.

Preliminary observations on immunity to homologous virus.—Two
preliminary tests were carried out on the volunteers in the desert laboratory.
In the experiments with vurions vectors, the volunteer who developed the
experimental disease nfter being bitten by infected 7. papatasii was found to
be immune when tested with infections sernm 17 days after the ouset of his
fever, while five other volunteers. inocnlated simulinneously with the same
dose, all developed typical sandfly fever. The volunteers used in the very first
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experiment on infectivity of the originat poat of sandfly fever serim were each
reinoculated with 0.1 ce. of the sane infections serma 14 days afier 1he tirs
inocnlation, or 8 to 10 days after the first day of fever, aml only one exhibited
a rise in temperatnre of 1° F. 3 t« 4 alayy after ivoenlation nnassocimes) with
my symjaoms. Hawever, sinee there were no simmltaneons coutrols for this
test, the negative resulis conld not be regmnled as conelusiveonnd it was pvident
that the question of inmmnity still remained to he investignted experineinally,

Summary of work accomplished and problems requiring further
study.—DPerhaps the most important achievement in this laboratory wos ihe
accumnlation of a consileralidle amamt of infeetions <ernm in which 1he ex-
istence of the virns of saudily fever was extablished not oudy by sevinl truos.
mission experiments but also by the proaf of its tmnsmission hy 2. peagatonis.
The hope that some simple Inboratory sunaal or ewdiryonated egrgs coakd
serve as imbicntors of the presener of this virus was anfortnnately dispelled
by the preliminary experiments that were earried ont. I addition to further
nttempts ut mlaptation of the virns in experimental nninwls and embryonated
eggs, it was believed of the grentest importance to learn more about imnnmity
to this virns nnder experimental canditings,  In view of the canflicting repuats
concerning the immmmity which falluws an attack of the natnral disense, it
was 1leemed mivisahle ta lenrn what immimity may resnlt from an expen-
mental attack of the disease when the same strain was nsed for challenge in
individuals living in sandfly-free regions. It was nkuc desirable t« determine
whether or not doses of the virus, toa small ta produce the disease, wounld
prove to be nnmunogenic and whether ar nat jnactive virns conld jemluee
immunity. It alsa seemed of interest ta aletermine whether or not serial
pnssage of the virng in hnman heings withant ijutervention af the natural
insect vector might perchance cmse sufficient attenuation to permit its use
for immnnogenic purposes.  Twenty-seven Amerienn enlisted men served nx
volunteers in the stndies earried ont in the desert Inharatary,

STUDIES ON HUMAN BEINGS IN THE UNITED STATES

Since . papatasii is not present in the United States and sinee s im-
portation was prohihited, it is clear why the initial, orienting experiments
just reported were best carried ont in the desert Inboratory in Egvpn. 1t
was also clear, however, that the more extensive work imvolving the nxe «f
Inrger numbers of linmmn snhjects ns well ns the defiuitive studiexs on im-
nunity conhl be enrried ant better in the United Ntates where Ameriean
civilinns might become availalde ns valmteers and where the udies on -
mnnity wonld not be camplicated hy the question of spontanedns reinfection,
perhingss inapparent infection. in nature.  Accardingly., thrangls the coopera-
tion of the anthorities nf Longview State Hospitnl in Cincinnatic Ohicg and
with the special cooperation «f its medical director, Dr. Donglas Goldnan,
the pntients in that hospital requiring sanie form of fever therapy, with the
cansent. of their families or guardinng, becntme nvnilnhle for tests on naterials
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suspected of containing virus of sandfly fever. The work was carried »ut by
the anthor in Lis Iaboratories nt the Children’s Hospital Research Fonndation
and the Department of Pediatrics of the University of Ciacinnat: (‘ollege of
Medicine, Cincinnati, Ohio.  In addition to the patients who were availabie
at Longview State Hospital between October 1943 and April 1944 and again
between Jine 1945 and the end of 1945, a munber of tests were carried ont
on laman volunteers among the prisoners of the New Jersey State Prison
at Trenton, N.J., betweer May 1944 and May 1945,

Isolation of Sicilian Strain of Virus and Its Identification by Cross-liniunity

Tests With Middle East Strain

A field investigation which this anthor carried ont during the Sicily
Campaign (pp. 168-174) indiented that an estimate of npproximately 8,30 cases
of sanddfly fever was veasonable for the period of 10 July to 3 Septen:ber 1943,
among the personnel of the Seventh U.S. Army.#* 1t ceemed highly desiralle,
therefore, to establish by Inboratory methods the nature of the etiologic agent
responsible for tlie febrile illness that was seen more often thun any other
disease during that. period in Sicily. Accordingly, blood was obtained within
24 honrs after onset from three patients who, nt the time, were in the 91st
Evacuation Hospital in Palermo, Sicily. The sernm was at the prevailiug
room and ontdoor temperatnres for a period of about 40 honrs hefore it
reached the Commission Inboratory in Cnire on 10 September, where a part
of it was frozen in Dry Ice nnd the remminder lyophilized. These specimens
were then transported to the United States in Dry Ice, and after it was learned
that the snbsequent clinicnl course of the patients from whom the blood was
drawn corresponded chinically to that of sandfly fever, the sermn of two of
these was used for transmission tests in Cincimmti on 6 October 1943 (the
temperatnre charts of the two donor patients nre shown in chnrt 5).

Each of four patients at the Longview Stnte Hospital received 0.1 ce. of
serun intracntaneonsly and 0.55 ce. snbentnneonsly. Al fonr of the recipients
developed typical sandfly fever after the usnal inenbueica periods of 3 to + days
(for record of their teniperatures, see “originnl snbjects” in chart 6). These
four patients were in tnrn bled within n few hours afrer onset of fever, and the
resulting serum, stored in the frozen state in Dry lce, constituted a fresh snj-
ply of virus for the identificntion of the agent responsible for the Sieilian
febrile illness. The cross-immumity tests by which the Sicilian agent was
identified are shown in charts 6 nnd 7. The first group of four snbjects weie
teste] 1 month after recovery by reinoculation with hom:logons Sicilian ma-
terial. Al four were fonnd to he immune while four new Fuman subjects,
inocnlated simnltaneously, developed the disense. Fifteen duys lucer. these
original fonr subjects, who were thus proved to be immune to the homologons
Sicilian virns, were inoculated with the Middle Fast strain, whose identity as

» Repors. Saj. Albert B. 8abin. MC. to Chief Surgeon, S8eventh U.8. Army, Col. Danlel Franklin,
MC, 7T Bept. 18438, subject : Extimate of Exlent (0 Which Sandfly Fever Was and Is a Probien: Among
American Forcex In Slelly.
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CHART 5.—Temperature charts of original paticnts from shose blood the Sicilian strain
of phlcbotomus fever virus wwas isolated
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a sandfly fever virus had already been established by transmission tests with
P. papatasii. All four were again found to be immune, whiie four controls
inoculated simmltaneously developed the disease. The reverse of this test,
shown in chart 7, was carried ont with patients who wert: incculated first with
the Middle East virus, and, after ihey were shown to be immnne to the homolo-
gons Middle East agent, they were challenged with the Sicilian virus and also
turned out to be immune. Thus, it was evident that approximately 6 weeks
after an attack with one or the other virus, cross-iramunity was readily de-
monstrable. It shonld be noted here that similar results were obtained in
subsequent cross-immunity tests. which were carried out at 4 months as well
as 2 yenrs after a single attack, indicating that by active resistance tests the
two agents were indistingnishable.

Properties of the Virus

Infectivity of the virus by different routes.—Using serum obtained with-
in 24 hours after onset of fever and doses of 1 c¢c, or more, it was found that
intracutaneous or intravenons routes of inoculation produced infection in ap-
proximately 95 percent of over 100 human adults vegardless of sex or color.
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During the conrse of experiments on filtrability of the virus, it was discovered
quite by uccident (when it was iecessary to inject diluted sermn in larger
quantities by subcutaneons or intramnscular routes) that doses of virus which
were iifective by the intracutaneous or intravenous routes failed to produce
the clinically appavent disense in 50 to 75 percent »f individuals inoculated
siunnltareously by the subcutaneons or intramuscinlar routes. In two tests
with the Sicilian vivus, six of eight patients (75 percent) failed to develop
the disease following subcataneous or intranmscular moculation, and in a
single test with the Middle Kast virus, three of six patients (50 pevceut) failed
to develop the disease following subcutaneous inoculationn. The six indi-
vidnals who failed to develop the disease following ineculation with the Sicilian
virns were sibsequently retested by tlie intracntaneous injection of a dose of
virus which bronght down all three controls, and all of the six again failed to
sliow any signs of illuess.  Since it seems unlikely that so large a number would
have heen spoutaneonsly resistant to begng with, it would appear possible tlat
siubeutaneons or inteamuscular nocultation of the virus may have prodaced an
inapparent. infection with snbsequent. immnnity.

Concentration of virus in infectious serum.—The concentration of virus
in sermn obtained within a few honrs after onset of the fever was measured
{1) by determining the minimal dose which will produce the ¢linical disease in
human volanteers, aid (2) by reinocnlating those vohmteers wlho failed to
sliow iy signs of the disease to determine whetlker or not the subclinical doses
produeed immmmity. The first experiment was done with a preparntion of
Iyophilized sernm which was obtained from a hnman volinteer in Egypt who
developed the disease after being bitten by 2. papatasi! artificinlly infected in
the lnboratory.  Of three putients inoculated with 0.1 ce. intracutaneously and
0.9 cc. subeutaneously, two developed the direase. ITowever, none of nine
other patients inoculated simultuneously with 0.1, 0.01, or 0.001 ce. (three pa-
tients fou each dose) by the intracutaneous route developed the clinical disease.
Upon subsegnent challenge, all those who remained well after the initial inocu-
lation were proved susceptible to larger doses of the virus. In a subsequent
experiment with third passuge Middle Eust virus, using the sernm of a single
patient, it was found that 0.01 cc. produced the typical disease in both inocu-
lated patients, 0.001 ce. also procuced a clinieally recognizable illuess in a single
patient, while 0.0001 cc. failed to prodnce the disease in one patient. Al-
though this represents a rather inndequate titration, it would appear that in
this particular serum the mininum infective dose may have been 0001 ce.  Tlow-
ever, in the third experiment with Middle East virus using seventh passage
material from a single patient, the serum having been frozen in Dry Ice for 8
months, it was found that only one of four patients inoculated with 1 cc. intra-
cntaneously developed the disease. A systematic titration was not carried out
with the Sicilian strain of virus; however, of 45 individnals who received 1 cc.
intracutuneonsly (virns represented by sernm derived either from natural cases
of the disease or from human subjects np to six experimental passages), 43
developed clinically apparent disease. All nine individuals who received 1.5
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to 2 ce. of various passnges of the Sicilinn strain developed the clinical disease,
and two of three patients who were inoculated with 0.5 ce. of Sicilian virus
developed the disease. During the gradocol niembrane filtration tests, part
of the pool which was found to be infective with regularity in nmounts of 1 cc.
was also tested in snialler doses, two patients being inoculated with 0.0001 ce.
and unother two patients with 0.00001 ce., but none developed the illness. In
subsequent tests for susceptibility by inoculntion of larger mnounts of the same
virns, all four patients developed typical expernmentnl sandfly fever. Tlus,
it ean be said tlmt the Sicilian virus nlso does not have a potency as high as
10,000 minimnm infective doses per cubic centimeter of serum.

An iuteresting pkenomenan which mmy represent a difference in the be-
havior of sandfly fever virus in neriennt Negroes was enconntered during the
contrse of this work. Althengh it was found that Negroes were as susceptible
as white people when inoculated with serum derived from white mdividimls
with sandfly fever, it was not possible to obtnin passage when the sernm of
Negroes with the disease was used. In three different expernments nsing 1 ce.
amomts of serum fron: three different Negroes, negmtive resnlts were obtained.
When tlie volunteers nsed in these tests were subsequently inoenlited with
sernm from white donors, ull developed sandfly fever, indicating that they
were susceptible.  Since ammmts lnrger thun 1 cc, were not iested, one ennnat
suy that the virus might not have heen present in smaller concentration in the
blood of Negroes who developed experimentn] sundfly fever. However, the
resnlts do suggest thnt the virus may perlmps not propagate to as high a level
in Negroes us it does in white individnals,  Sinee it hnd heen demonstrated that
the sandfly fever virus can be maintained in the lyophilized state or frozen in
Dry Ice for a period of at lenst 4 years, it is not likely that the mmnner of
storage of the sernm seriously aflected the resnlts that were obtained.

Particle size of the virus.—Two experiments were carried out with the.
Sicilian strain of sandfly fever virus in an attempt to determine the particle
size by means of filtration through grndocol membranes. Twenty-six human
subjects were used for the tests, and the results are shown in table 23. The
first test wns unsatisfuctory becanse the inoenlations were given by the snb-
cutaneons and intramnscular rontes before it wns realized that these rontes
were less snitable than the intracutaneous. However, the second experiment
yielded clean-cnt resnlts in that all 10 volunteers inoculated intracutaneously
and intruvenansly with either the diluted, unfiltered serum or the filtrntes from
the 600, 400, 310, and 207 mu membranes developed typical sandfly fever, while
the two pntients inocnlated with somewhat larger doses of the filtrate from
the 101 mu membrane both failed to develop any signs of illness or changes in
the lenkocytes. Although it is possible that one of these two putients may
have had an inapparent infection since he failed to develop the disease on
challenge with active virus later on, it is, nevertheless, evident that the average
pore dimneter of the endpoint membrane is in the range of 101 xyu, If one
assumes that the 101 mg membrane represents the filtration endpoiut, the par-
ticle size of the virns mny be estimated at 40 to 60 my, according to Elford’s
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TaBLE 23.— Filtration of sandfly fever virus through gradocol membrane:

; ‘ Resuit of sulce-

i
Fxperimeot Portion tested Amount in- | Patient ‘ Resuit quent challenge
Jected (cc.) ! with virne
! l | intnicutaneously
- — — I “._‘,___-______r[. [
Pooi of passage 1 scrum, | Centrifuged, uoflitered__ 5 Db . I Negative....._. | Negative,
difuted 1:5 in saline, and [T R S Do,
centrifuged at 1,500 r.p.m. | 770 mpu Bitrate._ . .___.. 51 A__. . Sandfy fever.. .
(ali fiitrates Inoculated B.__.. ..; Negative.._ ... ! Do,
subcutancousiy and intra- | 308 mu filtrate... ..___.. : 5 cdeccdoo oo . Sandfly fever.
musculsarly}. H Do,
203 my flitrate__ .. ... 5 - \ De.
do........ | Nemtive.
i01 mu flitrate..  ._.__. 5(Ba... ... do__. . Do.
_____ do. - Sandfly fever.
75 mu fitrate... ... .. 5, C.__. .. .....do_......-...‘ Do.
W || 3-day fever Do.
feukocytosis
| pharyngitis,
50 mu fltrate. . .....___. ol ... . Noegative. ... . Do.
) QP P Aol Do.
cc. route
Pool of passage V' sera, di- | Centrifuged, unfiitered.. 2| i. cut.
Tuted 1:4 In safine, and 6 | i ven.
centrifuged at 2,000 r.p.m, | 600 mu fiitrate.. ... ... 2 i cut.
for 15 minutes. 8] 1 ven.
400 my filtrate.. ... ... 2| i.cnt.
8 {1 ven.
310 my flitrate.. ... .. 2| i cut.
8|1 ven.
207 my fiiteate.. ... ... 2 {1 cut.
8 1. ven. .
101 my filtrate........_.. 2| i.cut, _| Sandfly fever.
i0 | i ven. Negatlve.
1

! Serum obtained from this patient at onset of fever produced typical sandfly fever in two other patients.

formula. However, it must be kept in mind that the concentration of virus
in the serum used for filtration was not very great. In addition to the con-
trols shown in table 22, three other patients were each inocnlated intracuta-
neously with 0.5 cc. of the same pool, and two of the three developed typical
sandfly fever. However, four other subjects inoculated with 0.0001 cc. or
0.00001 cc. of the same pool failed to develop the disease and also failed to
develop immunity to subsequent challenge. Thus, it would appear that the
concentration of virus, although not precisely known, was certainly less than
10,000 M.I.D. (minimum infective dose) per cubic centimeter. Since it is
known that the amonnt of virus contained in the material that is filtered can
influence the filtration endpoint, one would have to conclude that while the
particle size of the sandfly fever virus is probably not greater than 40 to 60 my,
there is a possibility that it may be smaller.

Further tests in animals.—During the course of the work with this virus
in the United States, additional tests were carried out with sern of proved in-
fectivity for human beings on the following animals: Infant mice, cotton rats,
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hamsters, aud uwionkeys. Because of the questionuble vesnlts olitnined in sev-
eral hnmsters in Egypt, snspensions of the brnins nnd viscern af those husters,
which had been stored iu Dry Ice and transported from Egypt to the United
States, were inocalnted into six hamsters, but x1l remaived well.  An additionnl
test an hamsters was earried ont with the fanrth hunan passage of the Sicilian
steain of virns; the sernm wns injected in six yonng animals by the intracere-
bral, intracntaneans, intraperitoneal, aud intratesticulnr rontes, lmt all re-
mnined well. Mice were inocnlated with nudiluted serum, serum dilnted
1: 100, and also with the sediment from ultracentrifuged sermn tnken up in
1. of the originul volume. Mice varying in nge frown 10 days to 4 weeks were
moculated by the iutracerebral and the intraperitonenl rautes, lmt all remained
well.  On several ocensians, when wice presented questionnhle signs or died
nfter a period of 13 or 14 days, passnges were performed bnt with negative
results. The sern which was nsed for these tests represented some which had
liad ouly one passage frawm the mntnval disense, as well as others which had
hind seven serinl passnges in himmau volimteers. Nix cotton rats inoenlated
with first pussage Siciliau vivns by the wtvacereinal, snbentaneans, and intra-
peritoneal routes remained well. Tt shanld be noted, however, that in uone of
these experiments was materinl from any af the animals tested in himman vohm-
teers to determine whether or not the virns might have nndergone inappnrent
multiplication,

Iu view of the fact that Shortt and his associntes believed thnt they had
transinitted the virns of sandfly fever ta mankeys, n specinl experiment was
nndevtaken with these animals. The Sicilian virns represented by a poal of
jussngre I human serum was inoculated simnltaneously into patients and into
three rhiesns monkeys. Each mankey received n totnl of 6 ce. of sernm—1 ce,
liy the intracerebral ronte, 0.1 cc. intvacutaneously, 0.9 cc. subeutaneously, and
4 ce. intraperitoneally. None of the three waukeys developed fever ar showed
any ather clinical evidence of disense. However, they were hled nt different
intervals, and thie serum ohtained 3 aud 4 days after inoenlation was snhinocn-
lated in two patients. It is natewarthy thnt while neither of the two pntients
exhibited nnything tlnt the experienced imvestigator canld have iuterpreted as
sandfly fever, cach of theni, nevertheless, developed n febrile illuess, one on
the 10th day nnd the othier on the 11th dny, nssocinted with generalized malaise
aud joint pmins.  However, the lenkocyte chunges which are cluracteristionlly
present in sandfly fever did not develop in either of these two patients. (lin-
ienlly, it nppenred more likely thnt the reaction in these pntieuts wns due to
sernin sickness resultiug from the inoculation of the monkey sermu.  Approxi-
mntely 4 weeks later, these patients were inocilated with sandfly fever virus
and bath of them developed typically severe forms of experimental sandfly
fever, thus confirming the original clinical diagnosis of serum sickness
and indieating thnt no virus was present in the blood of monkeys 3 and 4 dnys
after inoculation of lmman sandfly fever virus. No evideuce was, therefore,
ohtained that the sandfly fever virus wns either pathogeuic for rhesus monkeys
or indeed mltiplied inapparently during the period tested.
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Although the wark was halted because of the pressme of other iunvestiga-
tions, it appenved that farther experiments with newborn and 1- and 2-day-old
rodems, partienlarly mice, would appear to be worthwhile not ouly in mn
uttempt. ta establish the virns in n small experimental animal but more espe-
cially to determine whether the sandfly fever virus may be propngting
innpparently. It would be desirble to test sucli muterial passuged in newborn
rodents not only for pathiggenicity in human beings but even more especinlly
far the capacity to produce imnnmity ta nnmodifid human virns should it
turn out to he norpathogenic.

Further cultivation attempts in embryonated eggs.—Althongh the ex-
periments cuvried ont, in the Middle Eust luboratory indicuted that wo spocific
antigen suitable for complement fixation tests cauld be obtained from eggs
inoenlated with human serum containing sandfly fever virns, it was, neverthe-
lesss, desitable to determine whether or not inapparent multiplication of the
virus nmy oceur in embryonnted eggs, as determined hy snbinoenlation in
hunan valunteers.  The tests which were cnrried out in the United States
are stmmavrized in table 24. It niay be seen thnt ainong the nine hnman volnn-
teers inocuhited with varions types of chick embrya material, two developed
febrile veactions 12 and 13 days after inocnlation, hnt it was possible to show
that in neither one of those instances was the fever dne to infection with sandfly
fever virus, hecanse subsequent challenge produced the typical disease in botl
volunteers. Although in one test, two of four volunteers inoculated with fourth
egg passage naterial failed to develop sandfly fever on challenge, it would
nppear more likely from the other results that these two human subjects miglit
have represented individnals who were resistant to this virus to begin with, It
was necessary to conclude from these tests that there was no evidence that the
sandfly virus could multiply in chick embryos inocnlated hy the various rontes
that were tried. Accordingly, it was not possible to obtain confirnmtion of the
cauclusions reached by Shortt and his coworkers. It nmy nlso be stated here
thnt an atteinpt was made ta grow the sandfly fever virus in enltures containing
ntinced uouse embryo beain or minced whole monse embryo. Inoculation of
the third pnssage culture material in lnman valunteers yielded negative results.

Further tests with A. aegypti.—Although a preliminary test carried out
in the Middle East laboratory indicated that 4. segypt/ mosquitoes were
unable to transmit the virus of sandfly fever, it was desirable to determine
beyond doubt, as far as it may be possible to do so, whether A. aegypti mosqui-
toes in large numbers and after varying periods of extrinsic incubation can
or cannot transmit this virns. In view of the hypothesis that had been for-
warded by some investigators® that the sandfly fever and dengne viruses mny
belong to one group, it was particularly important to determine this point
with great care. Three experimeuts were carried out with hmman volunteers
in the United States, with the assistance of Lt. (luter Capt.) William G. Jahnes,
SnC. Large numbers of freshly emerged mosquitoes were allowed to feed on

»van Rooyen, C. E, and Rhodes, A, J.: Virua Discases of Man. London: Oxford Unlversity
Press, 1940, p. 516.
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TasLe 24 —1uwman teats with chick embryo “culturex’ initiated with sandfly fever virus of
proved potency

Inortilum for em- | &lte of lnoculntion, | Meterkid tested In ' I | Resaltofsub-
Dbryonnte] eggs I age (l“‘mllr)‘ﬂ,lull' hawam subjeets Subjeet | Kesult of inoculstion secuent
i rusage { | chalicnge
S P ——— o - { _ _ —
Middle East strain, I Embhryo and yolk 41h egg passage, whole Negative!
human passage | sac, 9lay eggs, embryo, 2 ¢cc., 20 50 ot
111 serum. {  passaged ut 4<lny percent suspensiorr, | A.. ....l.... doo. oo .....o....| Bandfly fever.
Intervals, Litrucutniieous. (5 cooobooo Ko octioooeccos Do.
A egg pusage, whole | F__ . .| 4«lay fever with Do.
embrya, 2 ce_, 20 pharyngitia plus
1 percent suspension, Jeukoeytnsis 12 days
i iutrneutnneous. after Lioculation,
G....... Neguure ... ... Do.
Sicilian straln, pool | ... do.... ..oc......| Mhegg passage whole | Bo...___| t<lay fever 131lays Do.
of human passege embryo, 2 cc., 20 after inoculation; no
V sera. percent suspension, Jeukocyte chan, es,
Intracutaneocus. 8u......| Negutlve
Sleilian straln, pool | Chosfo-ultantol ! 3 chorio )% O TR | S,
of humam pussage men:brane, 10«lay | allantolc membrune
Vil sera. | emgs. | suspension, 1 cc.
| |
TTwo controls I 1 le ped the dise:

Lhuman volnuteers during the first 24 hours nfter onse of fever during the
experimeutnl disease. At the time the mnosquitoes fed on these volunteers,
blood wus taken in each instance to determine, by subinoculation in other
volunteers, that infective virns was netunlly present at the time of the biting.
One experiment was carried out with the Middle East virus and two tests were
carried out with the Sicilian strain of the virus. Mosquitoes which lind taken
blood meals from infected individuals were allowed to bite new volunteers
nfter extrinsic incubation periods varying from 6 to 22 dnys. Six humun
volunteers were bitten by hundreds of mosquitoes which hnd taken blood
menls from infected human beings nt the time when their blood was shown
to contain the virus, but none of them developed sundfly fever. The suscep-
tibility of all these volimteers was subsequently demonstrated when they de-
veloped the typical experimentul disense following inoenlation of serum from
the very donors on which the mosqnitoes had obtained their blood meals. This
unequivocal demonstration of the inability of .. aegypti to act as a vector of
the virus of sandfly fever became an important tool in the differentiation of
this virus from that of dengue.

Tests for virus in cerebrospinal fluid and in blood.—QObservations on
more than 100 cases of the experimentally produced disease indicated that
the duration of fever in different individuals may vary from pnrt of 1 day
to 9 days, althorgh the 2-, 3-, and 4-day periods constituted 85 percent of the
total (chart 8). Multiple cycles of fever (chart 9) after a single inoculation
of virus were observed in four patierits. Subinoculation experiments made
it possible to show that the virus was present in the blood 24 hours before the
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Cuiant 8. —1Various types of fever produced by experimental inoculation of phicbhotomus
Jever virus im human beinga
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CHART 9.—Multiple cyclcs of ferer after aingle injection of phlebotomus fever virus in
human beings
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onset of the fever but could not be demonstrated in the blood of several pa-
tients 48 to 54 hours after onset of the fever. No explanation was found for
the multiple cycles of fever. Since no virus could be recovered from the blood
during the periods of recurring fever, the relapses could not be explained on
the basis of recurring viremia.

Cerebrospinal fluid was obtained from five of the American volunteers
during the work in Egypt. No pleocytosis or other abnormalities were found
in those fluids, and part of each fluid was lyophilized and the remainder frozen
in Dry Ice and transported to the United States. Two patients were inocu-
lated with the pool of these cerebrospinal fluids, each receiving 2 cc. intra-
cutaneously and 15 cc. intravenonsly. Neither developed the fever or the
leukocyte changes characteristic of sandfly fever, and both were subsequently
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shown to be susceptible to an inoculation of the virus. It is noteworthy thut
the serim of the same volunteers, lyophilized and frozen in the same manuer
and transported to the United Stutes, was also tested on lmmun volunteers
and proved to be infective.

Storage and maintenance of infectivity of the virus.—Since so miuch
work was involved in establishing the identity of an authentic strain of the virus
of sandfly fever, it was of considerable importance to determine whether or not
and under what conditions it may be possible to preserve this virus. Accord-
ingly, 2t various intervals, portions of haman sermn maintained in the frozen
state in Dry Ice, as well as portions of seriin which had been lyophilized
and then stored in an ordinary vefrigerator, were tested in hinian volunteers.
When the work on sandfly fever was terminated at the end of 1945, it was
foumd that the second passage pool of the Sicilian strain, which was frozen in
Dry Ice on 30 November 1943, still produced the disease in both patients veceiv-
ing 2 ce. of the serum intracntaneously on 10 October 1945, Thus, it was clear
that the virus persisted for at lenst 2 venrs in that state. Lyoplhilized virns
tested at the end of 6 months was fonnd to be active. In subsequent years, an
opportunity presented itself to test some of the lyophilized and frozen virns
on children with nephrosis as part of a trial therapeutic study, and it was
possible tn show that the virns remnined active after n period of stovage of
at lenst 5 years. These strains of virus are still available in the anthor’s labora-
tory in both the frozen and the lyophilized states. It is hoped that virns
preserved in this manner may prove useful for any future comparative purposes
or stndies that may be contemplated.

Tests for neutralizing antibodies,—Determination of the presenee or
absence of neutralizing antibodies in sandfly fever was desirable not only for
acndemic rensons but nlso (1) to find a serological means for the identifiention
of the virns or its various types, and (2) to establish whether or not. active
imnmnity conld be produeed by the inoculation of nentral serum-virns mix-
tures. Two tests were carried out, nnd the results are summarized in table 25.
The hyperimmnne serum used in these tests wns derived from fonr pntients who
recovered from an experimentn] attack of the disense following inoculation of
the Sicilian strain of the virus. Four weeks later, they were reinoculated with
the Sicilian strain and were found to be immmne. Two weeks after that, they
received an inoculation of the Middle East strain of the virns of proved potency,
and they were aguin resistant. Two weeks after this second challenge, or 8
weeks after the first inoculution of virus, they were all bled, and their serum
coustituted the hyperimmnne sernm nsed in these tests. These results shown
in table 25 indicate that in neither test was complete nentralization of the
virns obtained. It is possible, however, that a certain degree of nentrnhization
did ocenr, becanse in ench of the tests there was one subject who failed to develop
any signs of illness or leukacyte changes following inoculntion of the immnne
sernm-virns mixtures nnd yet, on challenge, subsequently developed typiceal
sandfly fever. These challetge tests indicated not only that the snbjects were
originally susceptible but, also, incidentnlly, that the inoculation of the hyper-
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imnnmre serum-virns mixture does 1ot lend to the development of active resisi-
ance to the virns,

Tarey 25.—Tesls for neutralizing antibodiea

' Remil¢ of
Experiment strain ot viris Muisture inorulated Subjec Reaily mihwrquient
| Ly e
+
i
1o .. oot Middle Easc. . | Virusonly,lee._...... - ... | . Sandfly lever .
! ! 2 .. o .
i\'lrua (0 cc) plus hyper- 3 .. ... . _.do... ...
l }  Immune serum (1 cc) 15 ¢ «.i Negative. ... . fanly fever,
| hoursat;d® ¢, ‘ |
2.0 veeees Sicllian o VIS o)y, 0800 o050 . .| Rendfy tever...
| L3 .o . . de
| . 7 . ees Negstive.
, Virus (0.5 cc.) plus hyper- B .. ... ... do... - o
i Immune serum (1 cc) 23 9 odo, . Negative.
hours at 3° C.
i

PERSISTENCE OF IMMUNITY FOLLOWING A SINGLE ATTACK OF
SANDFLY FEVER

Varions observations recorded in the literatnre concerning persistence of
immunity to sandfly fever and recurrence of the disease seemed to be confusing
and contradictory. On the one hnnd, there are reports of nmlitiple attacks,
ocensimally also during one season, and an the other, there nre mmmerons oh-
servations that so-called “salted” troops (that is, troops that had once experi-
enced an epidemic of sandfly fever) praved to be resistant during sulwequent
seasons, at a time when newly arrived troops were contracting the diease.
Whether or not a single attack of the diseaxe in resudents in a sandfly fever area
had to be fortitied by epeated exposures to the virns in order to acqnire lasting
immunity was not known. The studies which were carried ant in the Tnited
States, a conntry free of the disease, made it possible to determine the im-
munogenic effect of n single experimentul nttack of sandfly fever wlen the
same strain of virus, or an immunologically closely related or identical strain,
was nsed for challenge.

The data snmmarized in table 26 indicate that the 8 volunteers tested 1
month after infection and the 10 volnuteers tested 4 months afier infection all
remnined well, while control patients moculated sinmltaneously with the same
virns developed the disease. In a test carried ont 2 vears after a single attack
of the disense, three of the four patients remained entirely well, showing neither
fever, symptoms, nor changes. in the lenkocytes, while the fourth patient may
have experienced a very mild, modified form of the infection. Although this
patient (Mec) had no subjective complaints, he, nevertheless, exhibited a rise
in temperature of 1° F. for a1 periad of about 24 hiours 6 days nfter mocnlation,
This was associated with changes iu the lenkoeytes charneteristic of this in-
fection. It is regrettable tlmt the presence of reinfection in this individaal
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was 1ot proved or disproved by transmission of the disease to others. Hovw-
ever, it wonld appear that in the najority of individaals immunity to reinfec-
tion with the same inmmnuologie type of sandfly fever virus was present. for a
period of at least 2 years.  If the events which oceurred in the fourth patieut
tested at 2 yens were, in effect, due to reinfection it may perhaps indicate that
as innuunity wanes reinforcement might be possible by essentially subelinical
Pifectians,

Tests on two Amerienn physicians whio had resided in Palesiine for vary-
ing periods yielded interesting results with reference to the persistence of im-
muuity.  Both of them had lived i Cinetnnati before 1932, and both gave
histories of two previous attacks of the disease during a period of vesidence
in Palestine.

Dr. Helen Glueck hiad her first attnek during the stonmer of 1932, 5 days
after she Iinded in Palestine.  She returned to the United States in 1934 and
lived there imtil 1937 wien she again went to Palestine.  After a trip to Syria
in Angust 1937, she experienced a febrile illness of 2 «ays™ duration ussocinted
with lenkopenia which was again dingnosed as sandily fever; that i, a sccond
attack of the disease after un interval of 5 vears. She returned to the United
States in 1939 and volvnteered for an immunity test in 1943: that is, 6 years
after the presnmnable second attack of sandfly fever. She was ineculated with
the Middle East strain of virus (1 ce. of passage 11T human serum intracuta-
neonsly) and after an incubation period of 8 duys developed a typical, moder-
ately severe attnek of sandfly fever, associnted with characteristic lenkocyte
clinngres,

Dr. Irwin Dunsky experienced his first attack of sandfly fever in Jernsalem
during the snmmer of 1934, and another similar attack, of somewhat diminished
severity, during the summer of 1935. Ile returned to the United States in
1936, where he resided continnessly intil he volunteered for an inmnimity test
in Novewber 1943: that is, 8 yenrs nfter the last presnmuble attnck. He re-
ceived the same virns nnd dose which was administered on the same day to
Dr. Glueck and three previonsly mninocnlated patients.  Three days after inoc-
nlation, he becaie mildly ill (aching in the neck, “giddy,” and mild inter-
niittent abdominal distress) for a period of about 4 haurs during which time
his temperatinre was 1.5° F_nbove his normul level for thnt time of day. Al-
thongh the tatal number of leukocytes dropped from 6,55 to 4,400, there was
no nssocted echnnge in the differentinl formula.

The history of these two physiciuns shows how diffienlt it is to interpret
the sigmiticnnce of presumably repenced attacks in individml patients, when
one is denling with a disease for which there is no specific clinicnl identifying
sign or luborntory test. Thus, one is foced with several possivle explann-
tions. It is possible (1) thnt one or both attacks of the natural disease diag-
nosed as sandfly fever were not sandfly fever, (2) that immmnity to sindfly
fever may not persist, or (3) that multiple imnumologie types of the virus

may be involved.
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TABLE 26.-—Perststence of immunily tv homologyous type of sandfly fever virus yn human subjects
rexiding 1n the United States

Interval Intween ex- | Virus previously ! |
perimental attnek | Virus used for challeoge | inoculsted i Subpect i Result
and chalkenge !

]
| E
1 month.____. .| sicilian, passage I, . Nongo ... L | Sanudfly fiver,
|
|

1 cc., intracuta- ! Ro...... i Do.
neous, Sicilian......._.}I...__._. Remained well.
|} Do.
Mo Do.
Ri...... Do.
Middle East, pas- | None. .. _....._ Mc.... Sandfly fever.
sage II, 1 cc, Coeeao o Do,
intracutancous, B. .......[ No fever, but charac-

teristic leukocyte

changes and
| syimptors,
| Middle East. . .| Ca_.... . | Remained well.
| Booa odfa Do.
Wo...... Deo.
| (N | 7 U, Do.
4 months_____ Sicilian, passage V, | None.......... Im... .| Sandfly fever.
0.5 cc., for con- Ro. . Do.
trols, 1 cc., for | Sicilian...._... | A._.._._.' Remeiued well.
convaleseents, I VIR Do.
Fo... .. Do.
Ma. ... \ Do.
| A Do.
Ra_.. ... ' Do.
Middle East ... | D.. .. .. Do.
| — Do.
Wa.... .. | Do.
Me..._. ' Do.
2 years__. _.__| Nicilian, passage II,| None...._.._... Poo.... .t Sandfly fever.
2 cc., intracuta- Mea_ .. .| Do.
neous, Sicilian.__.. ... [ O____... ! Remainetl well.
Middle Easxt_.__| Be... . .. Do,
| OFURE Do.
Me._... | Modifid sandtty (?)
1° F. above normal
| for 24 honirs, 8 days
| after inoculation,
¢ associated with
| characteristic leu-
} kocyte chunges.
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LACK OF IMMUNOLOGIC RELATIONSHIP BETWEEN SANDFLY
FEVER AND DENGUE

There was a tendeney ou the part of Van Rooyen and Rhodes to regard
dengue, sandfly fever, and yellow fever as belonging to one gronp of agents.
1t had already been demaonstinted in the present studies thot sandfly fever virus
conld not. be transmitted by 1. aegypti and, thus, differed very definitely from
the virnses of dengune nnd yellow fever. Tests recorded in table 27 show that
not even partial cross-immnvity conld be demonstraied between the viruses of
dengue and saudtty fever. D'atients wha bad recovered from infections with
either the Middle East or the Sicilian strain of sandfly fever virus developed
typical, inmodified dengne following inocnlation of humau dengue serumn.
Similarly, the disease which following inoculation with sandfly fever virus was
in no way modified when it occurred in nn individual who had recovered from
dengue.

TaBLe 27, Immunologic relationship between sandfly fever and dengue

Virus inoeulated Virus previously imoculated | Interval Rfulject Resuit
(weeks)

S.. ..... Typicsl dengue.
Dengue,  Iawaid (from None . M '

natuoral coses), T ... o
(10 | | PAT O Do.

Middle Enst sandfly | :
{10 Wl Do.
(8 1C....... Do

Sicili . 2 !
icilinn sandfly __.___ (2) ]l'l'" ------ Do.
Sandfy, Sicilian._._..__. Dengne, Hawaii .. 18 | ... Txpical sandfty.

IMMUNOGENIC ACTIVITY OF VIRUS IRRADIATED WITH
ULTRAVIOLET LIGHT

As regards the attempts to prodnce active ity in suseeptible nman
beings, the results described thus fur indiente (1) that snubinfective doses
inocnlated iutracutnneously or iutravenonsly failed to produce imnumity to
larger nmounts of virus; (2) that while the intramnseular and subentnneons
injertion of infective umounts of virns seemingly frequently led to the develop-
ment of an inapparent infection with snbsequent imumniry. this procedure was
impracticable since approximately 50 percent of those imoculnted might develop
the disease: und (3) that virus passaged in chick enibryos or minuse-enibryo
cultnres failed to produce the disense mnl also failel to prodnce it s,
Accordingly, it was of particular interest to determine whether or not inactiva-
tion of the virus by some mild menus, such as irradiation with ultraviolet
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light, might abelish its infeetivity without loss of immunogenic capacity.
The results of the tests with the Middle East aud Sicilinn stenins of the virns
on 26 patients are shown in table 28. It may be seen that with the particenlar
apparatus used for irradiation the effect on infectivity was highly irregular.
Thus, in the experiment. with the Middle East virns, all four patiei:ts inoculated
with the unirradiated virus developed sandfly fever, while five of the six pa-
tients inoculated with the snme material irradiated for either 15 or 30 mninntes
failed to develop tbe disease.  The one individnal who did develop sandHy fever
was inocilated with sernmn irradiated for 30 minutes. In the experiment with
the Sicilian virus, 4 of 5 patients inoenlated wich the unirmdiated virus de-
veloped the disease, while only 7 of 13 inoculated with the same sernm irvadi-
ated for either 15, 35, or 60 minutes developed the disease. It is worth uoting
that increasing the time of irradiation up to 0 minutes failed to abolish the

Tasie 28.—Efect of irradiation with ultrariolet ligh! on infectivity and immunogenic capactly
of sandfly fever virus contatned in human scrum

I
Experiment ’ Time of ' " Resultof
date rradialion | Inoeninm . Subject Result | subsequent
| Gninules) ! ehallenge ¥

Slran of virus

Mid:dle Fas( pool 24 Nov. 143 0} L cc., Intracutnne- K. . .. Sandfly fever. ...,
of human passage | ‘ ous. [ S N fever but typical
\ sera. | , leukocyte '
! [ ! response.
! 165 odoo. ... o0 Mo Negative. . . . . Negative,
i ' . w3 e — Do.
0 ... .do.... ... M. . S| T\ T e Do.
' Me. .. Samifly fever... . |
8 Dec. 1043, .. 0 . do........... K... oooda !
' L | (T N
B oo ... A Negatite_ . o | Negatlve.
' 8 e 00 L Do.
Kjcellinn poal of .18 Jan. 194 0 .. ..doe. .. .. 'la anG Ay fever... .
hunun pussage Q.. .. No fever but ty pical
111 sera. ) - ) . lenukoey
' spote,
! S Lo Nepative. . ... Negative,
W du.. ... Gl Samdfly ever .. .
! t YL oo ]
: v 1 Nezative. . . Negullve.
i 1. | 1> T S da. . Negative,
! B Sumlfly fever .
| l B L IS dan
! 24 Jan. 194 35 ] 1 S «“ . R T
. Cu Negstive. - Nemutive,
wy . o Da.
Silician pool of (2Peb 19M .. 0 do w. sSnndfly fever
bunn pussuge R- Ao
1V seru.
[ A de | RBr A€o
11} . E
v Negative Negutive,
[ETSS do . | Do.

1 In ths Sieilian virus group, five condrols inoculaled simultiseousty with the sune dose of virs given to the seven suls
pets (a1, D, Co, LV, Poand Gire) for challenge, all des ebped] typrical sunsifly tever: in 1he Middle East group. of fone
controls Inoculated dmult:nenusly with the xume dowe of v s given to the five sutb eets (ML L M. AL S0, (hree devebrpe!
ty pical sandly fever.
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infectivity. However, of the 11 individnals inocnlated with the irvadiated
sernm who failed to develop the disease, all were resistant on subsequent chal-
lenge with virns of proved infectivity in simultaneous tests. Nince subinfec-
tive amoints of nnirradiated virus were not found to be capable of producing
imnmunity, and since it seems imwobable that 11 resistant individmals were
enconntered in these tests, it would appear that after irvadintion by ultraviolet
light for a period iusufficient completely to destroy the virns, subinfective
amounts may, nevertheless, be inmnnogenic. It was intended to repeat these
experiments during the latter part of 1944, nsing a different. machine for ultra-
violet irradiation, but the difficulty was enconntered that the sermin ohtained
from voluntecss who developed typical sandfly fever proved to he noninfec-
tious in amounts of 1 cc. It was not realized until cousiderably later that the
nse of Negro volunteers was probably vesponsible for viclding serum which
eithier was of n very low nfectivity or was completely noninfective. As matters
stand now, no conclusive results nre available, but the data are sufficiently
interesting to warrant repetition.

STUDIES ON AN IMMUNOLOGICALLY DISTINCT SANDFLY
FEVERLIKE VIRUS IN NAPLES, 1944

The incidence of sandfly fever aumong U.S. troops in Italy in 1944 (pp.
120-122) was high. In connection with a study earried ont by Maj. Marshall
Hertig, SnC, and ILt. Col. Ross L. Gauld, MC, of an outbreak among Allied
Force Headgnarters personnel, a nmmber of sera were collected in July 1944,
by Capt. (Iater Maj.) Frederick C. Robbins, MC, Iith Medical Genera! Labo-
ratory, nt the suggestion of Col. William S, Stone, MC, NATOUSA (North
Afriean Theater of Operations, U.S. Army). The clinical manifestations
exhibited by nll these patients were as follows:

1. Abrupt onset.

2. Temperatures high, in some cases 105° F., lasting from 1 to 5 days,
most commonly 3 days.

3. Aches and pains in mnseles with severe headache and often pain in the
eyes on pressure or movement.

4. Diffusely injected conjimnctivae,

5. Low white connts nveraging 3,000 with tendency to Iymplhocytosis.

6. Complete recovery with only symptomatic therapy.

Major Hertig reported that 2. papatusii was practically the only sandfly
found in the building occupied hy these people. The sera, which were stored
in Dry Ice from the time tiey were collected, nltimately reached the United
States and after & numiber ot months were used for passage in human volun-
teers at the New Jersey State I’rison in Trenton.

The serum of one patient was selected for 1rial Leeanse it was obtained
within 24 hiours after onset of his fever. It was colleeted on 12 .Tuiy 1944, and
tested on 18 December 1944; 1 cc. of this sernum was injected intraeutaneously
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in five different sites, and 4.4 cc. were given intravenously to one human volun-
teer. After an incubation period of 3 days, this valunteer developed a 3-day
fever associated with the same type of syinptams which were exhibited by the
patients in Naples (that is, those ovdinarily found in sandfly fever), and this
was associnted with a change in the lenkocytes also characteristically found in
sandfly fever or dengne. Blood was obtained from this volunteer within 24
hours after onset of his symptoms and fever, and . argypti mosquitoes were
allowed to feed on him at thut ime. The serum from this volunteer was sibse-
quently inoculated, during the course of various experiments, in nine other
vohmteers and reprodnced the same disense. The incubation period was, in
nlt instunces, short, nsually 3 days, and in no instance was auy lesion prodiced
locally at the site of inoculation, nor did rash ocenr tn auy of the volunteers.
Two volunteers who had recovered from typical attacks following infection
with the Sicilian strain of sandfly fever virn: 6 weeks aud 11 weeks before,
respectively, were not. imnmne upon inoenlatian with this Naples strain of
virns. Their disense was in no way different from that of the controls nor
from their original attack of sandfly fever. Two other volunteers, who had
recovered from typical, proved infections with the JTawnii strain of dengue
virus, 6 weeks and 10 weeks before, respeciively, developed nnmodified attacks
of the disease following inocunlation with the Nuples strain of virus. Large
mmbers of .. aegypti mosquitoes which fed on two lmmman volunteers within
24 honrs after onset of their fever were snbsequently allowed to hite two other
volunteers ufter prolonged periods of extrinsic inenbution, One of the volnn-
teers was bitten by a totnl of 93 A. aegypt/ mosqnitoes (13 after an 18-day
extrinsic inenbation period, 30 ufter u 29-day extrinsic imcubution period, 24
after a 21-day incubation period, nnd 26 »fter n 32 day ncubation period).
The other volunteer was bitten by a totnl of 84 mosquitoes (20 within a 13-dny
extrinsic inenbotion period, 33 within n 17-day extrinsic incubation period,
and 31 within n 24-day extrinsic incubation period). Both of these volunteers
remained entirely well und 3 to 4 weeks after this exposure were inoculnted
with the Naples virns infections seruin. Doth deveioped the typieal ex-
perimental disease indicating that they were susceptible to this virns and that
the 1. aeqypti mosquitoes conld not act asa vectar of thisngent.

Thus, we had evidence of an agent which was capable of reprodicing a
disease sirmhting sandfly fever in hmman beings, incapable of being trans-
mitted by L. wegypti, but at the same time inimunologically unrelated to both
the dengue and the sandfly fever viruses. In order te determine whether or
not. the Inck of imnmalogic relationship or cross-immunity with sandfly fever
virns worked both wuys, two volunteers who had recovered from infection
with the Nuples virus were reinocnlated with the same virus 1 month later.
They resisted this second inocnlation although ether volunteers inocnlated
simnltaneonsly developed the disense in the usmal fashian. These two volun-
teers, thns shawn to be resisiant to the Nnples virns, were then inuculated with
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the Sicilian strain of sandfly fever virus and proceeded to develop after the
usnal incubation period a typical attack of sandfly fever. Accordingly, it was
proved that the Naples virus, which was capuble of giving rise to immuuity to
itself, was incapable of producing resistance to the only available type of sand-
fly fever virns. Conversely, the Sicilian-Middle East type of sandfly fever
virus capable of giving rise to immunity to itself was incapable of inducing
resistance to the Naples virus. The only wny to prove that the Naples virus
was indeed a sandfly fever virus wonld have been to establish the fuct of its
transmissibility by 2. papatasii. Sinee P. papatasii conld not be imported
into the United Stntes, and since it was not feasihle to carry ont sucn tests nt
that time elsewhere, a gradocol membrane filtrution test was carried ont to
determine whether the particle size of this unknown Naples strain wonla be
similar to or different from that of the Sicilian-Middle East type of sandfly
fever virus. Since the number of volunteers available for this work at that
time was already limited, a small test wns carried out. Serum of known infec-
tionus potency diluted 1:4 in physiologic sult solution was serially put through
grndocol membranes having an average pore dinmeter of 770, 600, 400, 270,
101, and 75 mp.  The filtrates from the 400, 270, 101, and 75 mp membranes
were each iujected into ane volunteer intravenously in amomts of 10, 11, 16,
and 7.3 cc., respectively. The volunteers who received the 400 and 270 mpu
filtrates each developed the typical experimental disease, while those who re-
ceived the 101 and 75 mp filtrntes remmined well. Accordingly, even in this
limited test, it. was found that the filtration endpoint of the Naples virus was
identicnl with that previously ohtained with the Sicilian strain of sandfly fever
virus. Thus, even thongh it proved impossible to carry out the definitive test
of transmission by . papataxii, the available laboratery and circumstantial
epidemiologic evidence suggest that the Naples strnin of virus in all probability
is a strain of sandfly fever virus which is immunologically distinet from
the Sicilian-Middle East variety.®* It has, therefore, been demonstrated for
the first time that multiple immunologic types of sandfly fever virus might
exist, which could explain the reports of multiple attacks in one season,

Only limited tests with the Naples strain of virus were carried out in lab-
oratory animals. Serum freshly obtained from human volunteers within 24
hours after onset. of their fever was inoculated intracerebrally into 2-week-old
Swiss mice. Of the 18 mice inoculnted with human serum, 4 developed rather
definite signs of central nervans system disturbance 5 to G Jays after inocula-
tion, and 3 of these 4 mice died. However, passage of 2 of these mice into 28
others yielded completely negative results. This work liad to be discontinued
before it could be determined whether or not innpparent muliiplication of
the Nuples virns ocenrred in the brains of mice.

st letter Lt. Col. Albert B. Sabin, MC, to I'reventive Medicine Rerviee, OMicr of The Rurgeon
General. attn: Brig. Gen. K. Bayne-Jones, 2% Jan. 1945, smuhject: Incolation of a Sandfly Fever-like
Virun. lmmunclogieally Diatlnct From the Sleillan Bandfly Fev-r and Hawallan Dengue Vieuses,
From the Berum of a l'atlent With a Febrile llinesa Occurring Among 1'rrsonnel of the AFHQ In
Italy During the Summer of 1944.
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CONCLUSIONS

In conclusion, it may be said that while the lnborntory investigations on
the virns or viruses of sandfly fever, which were encountered in the Mediter-
ranean arex and in the Middle East, gave us a good denl more information on
the basic properties of the virus and, also, provided a supply for storage and
future studies, the primary objectives of developing some method of propa-
gating the virus outside the human body and of a vaccine for the protection
of exposed personnel were not attained. It is, therefore, particularly fortu-
nate that DDT was found to bz so highly effective for the control of 1. papa-
tasii in dwellings and that the available mosquito repellents proved so effective
in protecting those who may be exposed out of doors. Even if future efforts
shonld not lead to the discovery of a vaccine, sandfly fever need no longer be
the military problem that it had been in various operations in endemic areas
in the past.

FIELD OBSERVATIONS ON SANDFLY FEVER IN AMERICAN FORCES WITH
SPECIAL REFERENCE TO PERIOD OF COMBAT IN SI.ILY IN 1943

Albert B. Sabin, M.D.

The field observations to be reiated In this section In the history of sandfly fever
Quring World War 11 are intended in filustrate the following points:

1. The sources of confuxinn resnlting from unHmuiiiarity with the disease,

2. The Inadequacy of official statistics on this dinease.

3. The unfortunate resuits of trenting uil F.U.O's as potentinl cases of malarla
under the pressure of combat conditious In a region where sandfly fever is endemic.

4. The Importance of this disease mnier cambat conditions In Sicily In 1943,

5. The failure of putting to practical use the avaiiable information on insect repellents.

Early Experiences

In June and July 143, two epidenles of sandfly fever were olmerved by members
of the Commission on Nenratropic Virus Diseases, Ariny Epldemiobsgicni I3eard, stationed
In the Mbidle East, the first belng at Deversolr Fleld near the Great Blitor Lake on the
Suez Canal, and the second at Camp Atterbury in Teheran (Iran) (p. 13M4). At Deversolr
Field. the epidemic was 2 montha old before its reai nature became appurent to the
medical officers nttached to the installation. The presence of P. papatasii and of an
lilness compalibie with sandfly fever was confirmed by members of the Commisxion, and
Dr. John R. I'ani, Director of the Commirsion, made a personal examinatbm of 1he dis-
pensary records from January tn December of 1043 and graphicaily summarized the data
shwn here as rhart 10. It is noteworthy that In the begiuning sandfly fever was cam-
monly dlagnmed nx Inflnenza. While the secoidary Increase I the number of cases
during September amdd October ix smsocigted with rematinn of Isoi .ion of patients, it
Is not known fo what extent newly arrived permoninel or an lucrease in the number of
samlifiles wr A change in rilmatic conditions may have been invoived. Neverthelosa, It
fx known that patients. who are not isolated or otherwise protected from sandfiles, may
wrve to Incrense the infectinn rate among saniflies. Diring the first mmnth of the epi-
demie i Teheran, the casex were listed aml treated as maiaria.
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Clinical and Epidemiologic Survey in Sicily

In view of these eariier experiences, it appeared desirnble to estimate, it possible,
the extent to which sandfly fever was a problem during the perlod of active miiltary
operatlons in Slehy. The presence of P. papatasii and P. perniciosns on the island was
previousty recorded and canfirmmed in August 1943, by Maj. (iater Col.) Corneiius B.
Phillp, SnC, the entomologist of the Commission on Neurotropic YVirus Diseases in the
Mlddle East. The ciluical and epidemialogle survey was mnde by this nuthor dnring
the first week of September 1943, and most of what foliows is taken from a report
which he submitted to Col. Danici Franklin, Surgeon, Seventh U.S. Arwy, at that thue
aud from suppiementary data contained in his dinry and flies.

The extent to which Americau troops were being affected by samdfly fever was esti-
mated accordlng to two lines of thought: Flrst, by comparlson of the /ilnical manifesta-
tions and course of “fevers” observed In evacuation and fleld hosriials with those of
kuown saundfly fever (the wedical officer umking this comparison and submltting thle
report imd just spent 4 wonths fu the Middie East observing this disense ax it oceurs
in troops nnd studying the experlinentni dlseaxre ns it was reproduced in American volnn-
teers) ; second. by determination of the prabably reiative proportion of wmafarla and the
syndronte corresponding to sandfly fever ou the basis of the ciinical course and mani-
testatious of a large sampie of “Levers” wnaffecied by the cariy adwinistration of the
routine course of antimalarial therapy.

Extenisive rounds were made at the i%h and 2st Evacuatlon IIospitais and at the
11thh Ficild Hospital, where iarge numbers of patients diagnncad as malarin, F.U.0, and
sandfly fever were exaniined and questioned. The findings were ns follows :

59th Evacuation Hospital—Cases then in the hospital diagnosed as pappataci fever
had not recelved the routine conrse of antlmalarini therapy and presented a syndrome
entircly compatible with that disease,

Cnres of fever were seen in the first and second dnys of the disease whose symptams
suggested pappataci fever and were not suhmitted to the course of antimalarlial therapy.

The term “F.U.0.” in this hospital was reserved for cases with negative malarial
smears and cilnieai historles which suggested to them neither maiaria nor pappataci fever,
nor any other diagnosis. These were untrented, except for codeine and asjirl», and re-
covered spontaneously within a few days. My examination of such patieuts ou the wards,
as well as of the clinical records of those that had been discharged, fed me to the bellef
that practically aili of these patlents presented syndronies compatibie with the varfous
manifestations of snudfly fever.

As regards maiarla, the records of this hospital are confused by the fuct that when
the hospital first arrived on the isiand, there had been eviacusted ta it n large nunber of
patlents with the diagnoria of mnlaria on whom routine antlmainriel therapy hai already
been started. It was believed, however, that many «of these patients did nat have malaria
and that in many hwtances the reporta of porltive smears which eanie with those patlents
conld not be reiied npon. Amoug the patienta now on the wardxs, liowever, It wax striking
how the hiatories of those diagnose] ax maalaria, whether or not the smear was positive,
differed significantly from lhose diagnosed as pappataci fever or F.11.0,

Because stundard criteria were nat employed by all the inedieal officers in this hospital,
it was not possible to use the registrar's report for a reilabie estimate of the proportion
nf prohable maiaria and aandfly fever. Among the patients nu the wards. there were at
least ns many with the diagnoses F.U.0. and pappataci fever as there were wilh majaria.

91st Evacuation Hespital.—This hospital presented, in my opinion, the best opportunity
for estimating the relative proportlon of sandfly fever and waiaria occurring in at jfeast
one part of 8icily, for the following reanonx:

1. After approximately the first 3 weeks In Paiermo (27 Inly to abont 15 August 1843)
voutine astimsiarial thcrapy was no longor atarted immediately on all feeera. 1t waa not
admiuistered untii the clinieai course, with or witiiout positive smear, suggested nialaria
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Thus, it was observed that a large number of the fevers defervesced snhontancounsly and
presented a clinical syndrome entlrely conqmtlble with sandfly fever.

2. The medlical officers had decided to use standard criteria for dlagnosis of pappataci
fever and malaria. F.U.O. was used only on the wards nntil the clinical course of the
case became clear, and 1t practically disappeared as a discharge diagnosis from the
reglstrar’s records.

3. The registrar's statistics for the perlod of 14 August to 3 September are based on
the criteria just mentloned.

On one ward of 52 patients, there were 16 witli typical historles and courses of pap-
patacl fever uunaffected by antlmaiarial therupy and perhaps 4 to 6 more stlil dlaghiosed
as F.U.O0.

At my request, the reglstrar, Cnpt, Stewart €. Wagoner, MC, prepared the statlstics
separately for the first perlod (27 July to 13 August) and for the seconl period (14 August
to 3 September), These statistics are shown in table 21 und throw the best light on the
proportton of probabic malarla to probable sandfly fever.

The statistics of the first perlod are not unlike those of the 59th Evacuatlon Hospitai,
while those of the second period present perhaps the most accurate picture of what oc-
curred among a group of 922 cases of “fever” (excluding dysentery and diarrhea). Ap-
proximately 69 percent of these (637 cases) could be consldered as pappatacl fever—their
clinieal course was compatible with that disease; they recovered promptly wlthout antl-
malarial therapy, and thelr malaria smears were negatlve,

Durlng the second period, the probable sandfly fever cases constitnted 58.6 percent
(637 of 1,087) of the total communicable dlseases and 33.2 percent (637 of 1,914) of
all the admisslons to the 91st Evacuntion Hospltal.

11th Field Hospital—The situation in this hospital was stlll 1he same as that which
prevalled everywhere during the early weeks of the campaign; lhat is, practlcally all
patlents with fever except those with obvlious dyseutery were put on the routine conrse
of antimalarlal therapy.

The medical officers had heard of sandfly fever hut did not attempt to make the
dlagnosls.

TasLe 29.— Admission, classificalion, and discharge diagnosia, st Evc--ation Iospital,
Palermo, Sicily, 27 July—-3 September 1943

Claseifteation or discharge iagnosis ‘ aJuly- | 14 August- Total
| 15 Augut | 3 Beptember
_— | ; —
l Nvmber Numbet Number
Battlecasualties. ... ... L iieeiiiiiiieiiioee. H 433 L] w
Injuries.. ... e e | 346 182 0
o= | =i -—
Total admieslons..... . .. e e f 3,00 | 1om | s.507
[,
DIYBONEOrYa. . oiiii s ceis L e e e ieien aaeeseeenes 3| 58 8
DisfThes...... ... 5 6o o @as o ooooa B o o - a2 o 3z
Pappatacifever................ ... . . Ao o amomecEcao 8 . L Y] 437 ~0
Fever of undetermined origin._ ... R e 05 | 4 509
Malaria: !
Unclassified (positive smeat)....._ ... ... ......._ .. r | M 4 »
Unclassifed (negative smear, disenosed clinieslly). . | b L] ¥76
TertAn . . eieneiieiieiieees e el e | | M
Estivoautumnal............. % son oo o s 0 w0 ! a5 264
== e
Total communicable diseases....._ . ........ 1,888 . 1,087 2.9

Novr.—-Afer about 14 August 1943, nwularial therapy was no longer adn aistere! mutinely tos! * fevers.”
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Of four new patients with negative walaria smears whom I examined and questloned,
three gave ruther typical stories for begipning sundfly fever (thexe would hnve heen
ohserved at the Y1st Evncuation Hospitai but were imnediately started on antimalarlal
thernpy here) and one a shuilariy snggestlve story of wmaiarin--a history of recurrent
attucks of fever nud spontnneois defervescence over a jeriod of 5 days with n temperature
of 98.4° I, on admisslon,

Two patlents who had positlve siwears and had been recei ving the course of antimalarlal
therapy for a nmuber of days were examlned and questloned. One gave a typieal history
of maiuria; that is, recurrent chilis and fever hefore treatment and for a period of 3 days
after qulnine. The other, however, gnve n common story 0 sandfiy fever with a temperature
of 101° F. on the first day, 100° an the second day, and 99° ou the third day of his lllness.

One patient who was said to have a pusitlve smear on admission presented the most
characteristle mnnifestatlons and conrse of infectlons hepatitis.

The nrobiems presented by sume of these patients are (1) the occurrence of other
febrlle diseuses nmong indlviduals with positlve malarln smears an suppressive therapy,
and (2) the nmuber of smears that may erroncously e cniied paosltive in the field.

Estimated Incidence

An extimate of the extent to which the fevers (mafaria and pappatuci) . ere na prob-
lem durlug the campaign was ohtained from Interviews with the commandlng fiicer of the
86th Medical Battallon and the surgeon of the 3d Infintry Divisian of the Seventh U.S.
Anny, und from the statlstical compliation whlch was made avallnble by the Office of the
Surgeon, Seventh U.S. Army.

From the 6th Medical Battailan, It was learned thnt, durlng the first 10 days of the
campalgn, fevers were not a probiem and that casualtles constltnted the major part of
thelr work. After 22 Jnly, however, the impresslon was thnt casualtles made up only 10
percent of thelr work and the fevers most of the remalnder. Antlmalarial thernphy was
started on practlcaliy ali fevers, and because the patlents were quickiy evacuated, there
was o oppsirtunity to reach any final conciusion on the nature of the disease In most
instances. The impression was that many of the smears were probably erroneously
callel posltive and that at lenxt 1 certain nnmber of nntreated troaps had self-llmited,
shart (2- to $-dny) fevers Incapacltating them for 5 to 7 days.

From the 3d Infantry Divisjon, it was also learned that the fevers did not become
a problem untll after 21 July when the divislon entered and hlvonacked In Palerna. Durlng
the second part of thelr campalgn, 1-17 August, with a total strength of 18¥14, they had
1,257 enses af dlsease, 201 of lnjury, and 1,005 of woumlel, Although the divislan
adopted n rigid Atabrine (guinacrine hydrachloride) Jdixclpline after 23 July (.1 gui. belng
taken dally), the canes of fevers contlnued to monnt. Hawever, very few ‘muen were
106t to the divislon as a result of fevers, The majority were evacuated to the fleid hospital
and to the evacuatlon hospital which foliowed the division and were returned to duty in
4 to 10 days. The percentage slck in hospital at any one thime was nat more than 1
percent, and the function of the divislon waa sald not to have been affected serjously.

The statlstles for disease reported for the entire Neventh U.8. Army durlug the period
of 10 July 143 (D-day) (o 3 September 1043 (table $0) llated only 248 (ases of sandfly
(pappatacl) fever, hut at the same thne, there were (,862 cases of F.U.0). and 7352 canen
of malaria. of which only 4,831 had pewitive smears. The comnbiped lucldence of sandfly
fever, F.U.O., and malaria was 14,402, If the same proportlon (876 percent) of sandfly
fever which was found among the 2 carefully ohwerved patlenta with this group of
“fevern” at the 91at Evacuatlon Honpital In applled 10 the fever casex (9081, excluding
the 4,831 malaria cases rewrted to have had pwwitive smears) for the entlre Seventh
U.8. Armiy. for the reported perlid, it 18 entimated that approximately 8500 may have heen
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sandfly fever.” The admission diagnosis in the majority of these cases was F.U.0. and
the proper diagnosis made oniy ou discharge when it was justitied by the clinieal course of
the ilinesx.

TABLE 30.—Incidence of disease tn entire Seventh US, Army brtween 10 July 1943 (D-day)
ond 3 September 1943

Period ending—

Classt@icution July August '
e 3 sep- | Tolal
. . | } tember |
LA T | © 1 | 20 M
) | [——
| : ' ' ! I | !
Communloable diseases . . . [ e sl 201 22| wol am| am! ase] 1208
Venereal disenses. ............. m v w W ™ ” &’:] 81 167
Dysentery....... ! 37 w4 83 | 1w 180 186 1 139 959
Diarthes.. RPN Y- 4 K41 399 20 388 an 2% 47| 2,274
Jaundice... oovoimeennnnas R 5 2 4 2 13 10 2] 17 77
Bundfly /Dappataci) fever...... ....... .. '| 1 H 13 85 49 [ 248
Fever of undetermined origin_. .. o 2, 1L1IT7 [ 1,82 1,581 84 |  RET 543 6,462
MalStees s ieeeeecoemaeennne e 8V 2581 438 84| 1,885 | nose! 1246 | 057 | 17,382

) Total number with positive blood smeurs 4,831,
Bource: Compiled from records fn the Office of the Surgeon, Headquarters, Beventh U.8, Army, Palermo, Slcily.

The effect of increased familiarity with the disease and of the cessation of routine
antimajariai therapy to all undiagnosed fevers or the relative incidence with which
mauiaria and sandfly fever were diagnosed lu one evacuation hospitai (91st) in Siclly Is
shown in tabie 31. It can be seen that the change in the Incidence of sandfly fever from
1.4 percent to 33.3 percent of ali admissions is correlated with a drop of F.1°.0). from K3
percent to 0.2 percent and of “negative-rmear-unciassified” majaria from 21.4 percent to
4.5 percent. Birt,*® in 1915, writing of the British experience in India, suggested that
before 10056 mont caned of sandfly fever were diugnowd an majaria and made n rema.k
which aiso appears to be applicabie to the American experience in Siclly in 1043 :

“¢ * ¢ Without doubt many of the cures attributed to quinine have been in times past
nothing hut the naturai terminations of cases of sandfly fever. Hinee five or xlx thousand
attacks of sandfiy fever occur annually among the European and Indian troops, the
amonnt of quinine which has beeu useiessiy expended has been enormous.”

Of even greater Importance than the waste of quinine may have been the neediess
evacuation of some thousands of men to the communications zone in Africa for further
treatment against a malaria which was nonexistent. The extent to which thix may have
occurred is again suggested hy the statisties obtained by the writer from the Hist Evacua-
tion Hospital, which, it is to be recalied, entablished rigid criteria for the diagnosis of
malaria and sandfly fever after about 13 August. Nevertheless, during the period of 27
Juty to 25 August 1043, this howpitai evacuated to the communications sone 2,400 patients.
Of these, 382 were battle casualties and 2517 were patients who had been admitted for
disease and nonbattle injury. It is ciear from other statisties of this hoepitaj alveady

® From sulsequent tabulations of individual medicel records, which incorpirate corrections tw
diageoses, '* was shown that a total of approzimately 3.000 cases of sondfly fever occurred amoug
U.8. Army  sreonnel in the Mediterranean theater in 1943, About 3.200 of these canes occurred
during the 5 av.ths, July-September.

® Rirt. ©.° Phledbotomus Ferver (Bandfly Fever): Phicbotomus or Sandfiy Fever. Brit. M.J. 2:
16R-168. , i: 918,



174 COMMUNItU'ABRL} DIXREARER

TaBLE 3i.—Effect of increaxcd familiarity with the discase and ceasation of routine antimalarial
therapy to undiagnoscd fevers on incidence of diagnosix of samifly fever, 218t Evacuation
Hospital, Palermo, Sicily, ¢7 July-3 September 1443

! Percont of total sdiniee M3 diagnosed ss—

Period ——————— e — = -
Unciassified U elusrdBed] I

(number) .\‘.ndﬂyl F.UO,
H . Falcr
(negative  (positive  Tertian - jmrum Al types

t | mwewr) shwnr)
20 July-13 August (anthmalarial |
therapy given lo all undiag- | !
nosed “levers™)... . . ...... ! 3,063 | L4, 83 2.4 L] (%] 5.4 B0
14 August-3 September (no anti- ! .
malarial therapy o undiag- k i
1.8 5.0 34 [ L %4

nosed “‘fevers”)........ ...A.._l L9 n3, .2 45
I

presented in tabies 29 and 31 that a large number of lhese were innde np of patients on
whom quinine therapy was begun without clearly establishing thie diagnosis of malaria

Insufficient Use of Insect Repellents

It is important to bear (n mind that the eventx in Biclly In 193 ocrurred hefore the
Important demonstration by Major Hertig of the great effectivenens of 1)DT In the control
of P. papalasii. Nevertheless, it is equaliy lmpwriant to recnil that the large stores of
(nsect repellent, which had been accumulated Ly the Army, and whvee effectivences againat
P. papatarii had been demonstrated in May 143, were practicaliy not utilized at all in
the campalign in Slcliy. which did not begln untli 10 July 1341, Personal inquiry revealed
that neither the medlcal oificers nor the command officers were aware of the protective
properties of Insect repelients against P. papefanii and apparently had not heen alerted
regarding sandfly fever as & posalble, significaut cause for discare and noneffectlveness
in this area of operations. It seemed qulte clear to thls investigator that the Sicily Cam-
paign falled to benefit from the extensive '‘vork that had been done on insect repelients,
because the succeasful use of repclients .epends to a large extent on enforcement by
command officers, who must be informed and advised by their medical colleagnes.



CHAPTER X

Typhus Fevers
S:anhope Bayne-Jones, M.D.

Part I. Epidemic (Exanthematic) Louseborne Typhus

The two varieties of typhus fever, epidemic and murine, to be considered
in this chapter are a closcly related pair among the arthropodborne rickettsial
diseases of man. .Although they have a number of similar charactesistics,
they differ to such an extert that they require separate sections for the ac-
counts of their occurrence, effects, and measures for their prevention and con-
trol. Accordingly, part T wil! deal wi'l epidemic (exanthematic) louseborne
typhus and part 11, with murine (endemic) fleaborne typhus,

From the vantage ground of niodern control over these diseases, it is
ossible to write about them less luridly than has been the custom in the past.
Nevertheless, some of their traditional characteristics must be recalied to pro-
vide a basis for understanding not only the precautions that were taken
routinely, but alse the occasionul excesses, inspired by terror, that were com-
mitted in the cause of protecting troops and civilians against the possible
ravages of epidemic typhus. 7 hroughout centuries, epidemic typhus Las been
drended as a killer, a disorganizer of human communities, and a threat to
militnry operations. It las been notorions as one of the great pestilential
scourges accompanying war, famine, and the dismal calamities of nations. It
has determined the outcome of military campaigns and has had a fateful
influeuce upor the course of history.

During World War 11, epidemic typhus was no problem in the continental
United States. It occurred in this country only in occasional cases of men
brought in by airplane while they were in the incubation period or early stages
of the disease. The mild form of recrudescent typhus known as Brill’s dis-
ease was of no military conseyvence. On the other hand, epidemic typhus
was a constant threat in most of the theaters of operations overseas, except
in the Middle, South, and Southwest Pacific Areas. In North Africa, the
Middle East (Near Fasc), Europe, Japan, and Kores, it occurred in severe
epidemics among the civihan populations and occasionally in small episodes
among U.S. Army personnel. In contrast, murine typhus was a problem for
American troops in camps, in extracantonment areas, and in the regions used
for maneuvers in the southern portions of the United States, and to a slight
extent in Hawaii.

175
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GEOGRAPHIC DISTRIBUTION OF EPIDEMiC AND MIIRINE
TYPHUS

The ocenrrence nad degree of incidence of :pidemic and murine typhus
in varicus parts of the world are indicated in map 3. This map is essentinlly
the same as (Le one prepared in the Preventive Medicine Service, Office of The
Surgeon General, in 1943. The chief additions are the heavy shading over
Japarn to indicate the high incidence of epidemic typhns there in 1945, and
the cross hatching over northeastern United States and Yugoslavia to indi-
cate the occurrence of Brill’s disense, definitely recognized since 1951 as re-
crudescent epidemic typhus.

THE RICKETTSIAL DISEASES OF MAN

The rickettsial disenses of man, whicl: inclnde the typhus fevers, are
caused by minute, highly parasitic micro-organisms occupying a biologic posi-
tion between the bacteria and the viruses. The organisms usually oceur within
the endotheliz! cells of the smaller blood vessels of many organs of the body,
and cirenlace in the bloodstream in the early phases of infection. They have
not been cultivated ontside of living animal cells. Nearly all species are trans-
mi‘ted by arthropods, but some can be transmitted aerially by particles which
are inhaled, or are deposited in the conjnnctival sac of the eye or upon the
mucnus membrane of the nose of the human victim, Some have reservoirs in
the lower animals, such as rats, mice, voles, rabbits, and dogs. Their cycles of
growth are complicated and are not fully known for all species. As the etiolog-
ical agents of tha more iniportant rickettsial disenses of man, such as the
typhus fevcys, have stages in arthropods, these agents are particularly vulner-
able to attack directed agaiust their insect vectors. Hence, during World War
IT, control measures were based largely upon destruction of the insect trans-
mitters. 1n addition, a considerable degree of protection wes gained by im-
munization with vrccine composed of rickettsial bodies and their antigenic
components. During the war, the treatment of typhus was supportive, al-
thongh some progress in chemotherapy was made by the administration of
PABA (pars-aminobenzoic acid). Effective therapy with antibiotics (chlor-
arphenicol, Aueromycin, and terramycin) was not developed until 1948 and
later. For an authoritative presentation of information about the rickettsial
diseases of man, the reader is referred to the treatise edited by Rivers.!

During World War II, the important groups of the rickettsial diseases of
man from the point of view of military preventive medicine were the typhus

iRivers, Thomas M. (editor): Viral Iafections of Man. PhiladelpMa: J. B. Lippincott Co.,
24 ed'tlon, 1G32. Jn this volume sos especlally: Suyder, J. C.: The Typhus Fevers, pp. 578-610;
Cox, (1. R.: The Bpotted Fever Group, pp. 611-637; Smadel, J. E.; Scrub Typhus, pp. 638-651;
and Smadel, J. E.: Q Fever, pp. 652-664.
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fevers,® the spotied fevers (ch. XII), scrub typhus (ch. XI), and Q fever.?
Trench fever, which :aused so much illness among American and British troops
during Worid War I, did 1.0t reappear during World War II.  Tle reuason for
this is £s unclear as are the uncertainties as to the true nature of the disease
called trench fever. Rickettsial pox was not discovered until after the war,
ard there are no retrespeciive diagnoses of it among troops of the war period.

Statistics of the iucidence of the chief rickettsial diseases and the deaths
the; cansed among U.S. Army personnel from 1942 through 1945 are pre-
sented in table 32. These figures were compiled from medical records giving
final diagnoses.

The statistics in table 32 epitomize an experience that was not expected
when the United States entered the war. Among troops, the dreaded epidemic

TaAsLE 32.— Incidence of and de.aths due to certain ricketisial diseases in 17.S. Army personnel
during World War 11, 1948-46

{Preltminary dati based on saruple tabulatlens of indiviiual medicsl recurds]
[Rate exixessedl as number of cases per annum per 1,000 average st .engthi

Ricketisial lcease Number of Incidence Number of
cases rate deaths
I
Epidermnie (exar.thrmatic) louseborne typhus:
Coentinental United Staves. ... .. oo .... 0 0 0
Overseas. _. __ . _ .. o iiciana. 104 01 0
Sotal Arn .. iieemiceenana 104 0. 00 0
Murine (endemic) fleaborne typhus:
Continental United States. . ... ' 497 .03 1
Oversen: o eiiiccccaccicecccenaaan 290 03 14
Total Ammny. . oo i... 787 .03 15
Scrub typhus, miteborn., tsutsugamushi disease:
Continental United Statea . _______ ________. 5 0. 00 1
OVerseas. __ .. ... oo icccceeeaaaeona 5,436 .52 282
Total Army .. oo icccicieccccceaaaan 5, 441 .21 283
Undifferentiated typhus. . .___ . . __ . ____.__..___ 110 0. 00 0

Nors.—Absolute 3ero i3 ladica:od by tero in the units column; 0.00 indicates s rste of more than tero but less than
0.008.

T Fur x detalled presentativn of the eiinlcal and Immunological aspects of typhns fevers, see
Zarafonetls, Chris J. D.: The Typhns Fevers, In Medical Department, Unlted States Army. Internal
Meditiiie In World War 11. Volume 1I. Infectlons Diseases. Wasbhington: U.8. Government Printiag
Office, 1943, pp. 143-223.

*Dingle, Jnhn R.: Q Fever. In Medlcal Department, United States Army. Preventlve Medicine
In World War IT. Volnme V. Communlcable Diseases Transmlitted Through Contact or By Unknnwn
3ler us, Washington : U.B. Government Printing Office, 1960, pp. 401-410,



TYPHUS FEVERS 179

typhus with only £04 cases and no deaths was mnch less a cause of sickness and
Joss of life than was the more complacently regarded murine typhns, which
caused 787 cases and 15 deaths. The iow incidence and absence of mortality
of epidemic ty phus attest to the extraordinarily effective mensures that were
apphed for the pretection of troops in all areas in which that disease was
ocearziry, sometimes in epidemic proportions, among the enveloping civilian
populationz, On the other hand, there was a mistaken zotion that murine
typhus was a mild disease only. Control measures against it were less complete
and less effective, and troops were not vaccinated against murine typhus. In
another dircction, the violence of the onslaught of miteborne scrub typhus in
the Southwest Pacific Arean {chiefly in New Guinea and adjacent islands, and
in the Philippines) and in the China-Bnrma-Indin theater had not been antici-
pated. At the wart, little informaticn was available upon which to base esti-
matcs of the risks feom serb typhus in these crens. Protective measures had
to be devised in the midst of the encouuter. There was no specific therapy.
During the period from 1942 throngh 1945, scrub typhus was the cause of ill-
ness in 9,441 military personnel, witli 283 deaths. It was the most serious of
the rickettsial d'seases that aifected U.S. Army personnel. Scrub typhus,
however. unlike epidenii: typhus, lacked the potentiality of causing widely
spreading epidemics because it was not transmissible from person to person.
In seversl instances, nevertheless, it was a serious hindrance to military
operatiors.

The incidence of epidemic, louseborne, typhus fever in the U.S. Army by
theater and year, 1942-45, is shown in table 33. There were no deaths from
epidemic typhus among troops. 'The average duration of illness was 22 days.
The estimate of daily noneffectiveness per 1,000 average strength was less
than 0.005—=u negligible rate.

EPIDEMIC (LOUSEBCANE) TYPHUS

Historical Review to 1941

By exerting great influence upon the undertaking and outcome of military
campaigns and by killing thousands to millions of people or by so sickening
populations as to keep them depressed for long periods, epidemic typhus
has been at times a major determinant of political, economic, and military
conditions. While this has occurred in many countries, the mast important in
recent times were the outbreaks of typhus in Europe, the Balkans, Russia,
North Africa, and the Middle East. The volumes of Prinzing ¢ and Zinsser®
are still standard sources of information on these subjects. So much has been
written about these outbreaks of typhus that it is not necessary to review them
in de!ail here.

4 Prinzing, Frledrict : Epldemics Resulting From Wars. Ozxford: Clarendon Press, 1916,
¢ Zlnrser, Hsns: Rats, Lice, and Hlstory. Boston: Little, Brown, and Co., 1983,
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TanLe 33.—Incidence of epidemic (eranthemalic) louseborne typhus fever in the U.S. Army, by
theater or area and year, 1942-45 !

[ Prelim!nary data basec on sample tshulations of individual medical records)
[Kute expressed us number per annum per 1,000 averagc strength)

1942-45 ' 1042 l 1943 | 194 b 1943
Theater of arca ) i

' Number : Rate l’ Number l R-tel Number | Rate | Number R-tel Number | Rate
. ' : i
1 .

Continental United States._._. ..

Zurope. ... 10
Mediterranewn d. ... ... .

Oversess: ?- !
o
Middde Fast. .. .. .. l 1

|

Chivs-Borma-indis. . - .

Rcutliwest Pacific._ ... ... i
Contra® s South Pacifie. ...
North Americad ......_... ‘
Latia Americs... ...l

Totaloversess.. . ........

Total Army.___...___.....0

1 Kevised to include changee m: .de up to 5 Oct 1960,
1 Includes North Africa
1 fncludes Alnska and Ioeland.

NoTz.—Abmlute sere isindicated by sero in the units column; 0.00ind icates a rate of more tha"t zerc bul less than 0.005.

Naples, Italy, has been a point of concentration in the scientific, political,
and 1nilitary peregrinations of epidemic typhus. As Zinsser has expressed it,
typlus, first definit2ly described by Fracastorius ¢ in 1546 on the basis of earlier
cbservations, “made its political debut—by one of the most far-reaching and
profoundly effective strokes of its entire career, playing the decisive role in the
relief of the Imperial Army [of Charles V] at Naples when besieged by the
French under Lautrec in 1528.” In World War II, the outbreak of typhus
in Nap'es, in 194344, was reminiscent of its occurrence at the siege of Naples
in 1528, In both instances, typhus had not occurred in Italy duriug a pre-
vious generation and was introduced from the East. Unlike the events of
1528, however, when some 20,000 soldiers and untold numbers of civilians died
of the disease, in 194344 the potentially dsngerous outbreak among the civilian
population was quickly brought under control, the disease was prevented from
spreading beyond Naplss and its vicinity, and there were only & few cases and
no deaths from typhus among soldiers of the U.S. Army.

During the carly 16th century and for the next 300 years, typhus was con-
stantly prevrlent iu Europe and took great toll in all of the main military
campaigns. During the Thirty Years’ War, from 1618 to 1648, typhus oc-

¢ Fraeastorius, H.: De Contiglone et Contaglosis Morbis et Eorum Curatione, Librl 111 (1546).
Translated by W. C. Wright. New York: G. P. Putman'a Sons, 1930. See especially: Book I,
Contagion, Chapters 1-XI'1, pp. 3-69: and Book II. Cortagiona Diseases, Chapter VI, pp. 101-108,
The Fever Called Leallculae or Puncticulae or Peticulae,
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curred in ahnost every country in continental Europe, and in 1700 it spread
to England snd Ireland. After 1800, a change appeared; thereafter, the out-
breaks of typhus among troops and the tremendous epidemics among the ci-
vilinns oceurved mostly in Enstern Europe and Russia. For exnmple, there
were severe outbreaks arion;: Napoleon’s Army in Russia in 1812, in the Rus-
sian, Freuch, and Euglish troops in the Crimean War (1854-56), and in the
Russo-Turkish War in 1877. In contrast, there “was little or no typhus in the
armies in the American Civil War (1861-65) or in the Franco-Prussian War.

From 1600 onward, epidemic typhus was prevalent in North Africa, Egypt,
and the Midd'e East. Outbreaks, from sevcre to moderate, occurred in Mex-
ico, South America, China, and other areas. Thus, epidemic typhus took up
a global position in ndvance of the global wars and, at an early date, fixed some
of the determinants of the preventive medi:ine program of World War IL.

From 1900 to the heginning of World War I in July 1914, typhus con-
tinued to occur ir. a relatively mild manner in most of the countries of Europe
and in Russia. However, within 5 months of the beginning of this war, typhus
broke ont in the Serbian Army and among the thousands of Austrian prisoners
of war. It spread with violence through the troops and the civilians and
tinally enveloped thie entire Enstern front. It had a definite influence upon
the whole military canmipaign—directly upon the Eastern, indirectly upon the
Western, as it did not occur in France. As Zinsser has said: “Typhus may
not have won the war—but it certainly helped.”

Durirg World War I (1914-19) and in the succeeding years, typhus
achieved its historical ascendancy in Russia alone. It has been estimated that
from 1917 to 1922 there were ut lcast 25 million cases of typhus with 214 mil-
lion deaths in territories now controlled by Soviet Russia.

A decline of incidence of typhus throughout all the regions of Europe oc-
curred during the 10-year period from 1923 to 1933. Thereaiter, there was a
notable increase of typhus in many countries, particularly in Rumania, Poland,
Yugoslavia, Spain, Egypt, and the Soviet Union, with epidemics impinging
upon military operations and civilian movements to 1939—40. At the begin-
ning of World War II, the situation became obscured because of the breakdown
of the system of international reporting of infectious diseases. A fter the war,
the assembly of statistics of typhus incidence in the Mediterranean* area
gave a retrospective vievr of the high incidence and proportionately great risks,
not fully appreciated at the time of the landing in North Africa, to which
United States and British troops were exposed in French North Africa, Egypt,
and Iran.

Although epidemic typhus fever has probably never been a serious prob-
lem, though by no means a negligible one, for the U.S. Army, it is fitting in
concluding this historical review to summarize notes from official reports cov-
ering the period from 1916 to 1941. It is to be noted that as murine typhus

t Bayne-Jones, Btanhope : Epldemlc Typhus in the Mediterranean Area During World War 11. In
Rickettalal Diseases of Man. Washington: American Assoclation for the Advancement of Science,
1948, pp. 1- 15.
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wax not dilfeventiated antil 1926 and was nor iucluded as an tem of dinguiosis
in e Anay medieal statisties nntil 1940, the single fgguves inelude both types.
Probably «ll hut a few eaxes veparted were of the ridemic or munrine variety,
The incidense of typhas fever in the Avmy during the World Ware ( Workd War
L 1917-18) wasxas follows: = United States, 152 Europse, T other countries, 193
officers, 1: 1otal 42, To the 42 original admissions for typhus fever wnst be
added 3 wore cases in which this nudady appeaved as w concirrert disease,
Three of these individnals died.™  Most of the Annual Reports of The Sur-
geons Genersd of the Anay for rhe fiseal years from 1916 to 11 do not contaie
any mention of typhns.  No detinite, ungnestionable cises of epidemie typhis
appear to have ocenrred in U8, troops in the Military Expedition into Neorth-
ern Mexico (1916), in World War 1 (1917-18), in the Nmerviean Fovees {a
Gernany (1919-22), in the Ameviean Expeditionry Force, Narth Russin
(1S, and in the Expeditioniey Forees to Sibevia ( 118-20) . At thmes,
ax dnring the la:ter part of World War 1, “up to the signimg of the avinistice,
our avmiies like those of onr allies, weve heavily infested with lice, and to such
a degvee that the condition was alaeming.” 1t was veported that aver 90 per-
ceut of the froops were i i venaiucns condition.”  Alaew wis increased
when troaps eame into contuet with civilians in typhins-infected nrveas.  A\p-
pavently no typhus oceneved aveag militaey personnel. This wis rewaavkable,

Scientific Review, 1909-41

In 1909 and 1910, Hownrd Taylor Ricketls dizecavered the etiologieal agent
of epidemic typhas.  Luter, in lkowor of Ricketts and Stdshis Josef M hios
von Prowazek, both of wham died of the disense while they weve working on
it. the wmicro-orgaisen was navwed Rickettsin prowazeki.

Berween 1931 and 193y, Zinsser and Castenada, Nigg and Landsteiner, Zin,
und Dyer and Bengtzan sneceeded in growing typhus rickettsine in varions
kinds of ‘issne enltures, but with only meager yields.  In 1938, Cox obtained
Iurge vields of the Rickettsia of Rocky Monntnin spotied fever in enitnves in
the yolk sac mendirnne of tle embryonated lien's eggs, aud, in 1140, Cox and
Belt had the same suceess with similar enltures of 2. prowazeki.  ‘This opened
the way for new biologienl discoveries nnd wmiade possible the pridnetion of an
effective typhus vaccine nnd the development of specific dingnostic procednres.

From 1916 mmtil 1941, the diagnostic serology of the 1wphns group of
discases was bused upon the agglutinution renctions with suspensions of specinl
steains of Protens rwlgaris (OX-19, OX-2, aud OX-K). This reaction,
described jirst by .\, Felix in 1016 nid further elaborated by K. Weil nnd Felix
in 1920, becaae kr:own as the Weil-Felix renction. s the bacterial compouent
tms no cunsal relutionship to typluts fover, the reaction is n nonspecific one,
appureutly dependig upon a commwn antigenic fraction stared by botle the

S Tasker, Arthar N.: Infectlous Jaundice: Typhur Fever: Teench Fever, Is The Medical De-
partment of the Unlled Rtales Army In the \World War. Washington: 1'.8. Government I'rinling
Office, 1928, vol. IX, pp. 4R3-4R83,
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rickettsial organisms and the Zroteus bucterin, For a vhile, it was thought
that agglutination of OX-~19 was diagnostic of epidemic typhus, OX-2 of
murine typhus, and OX- 1 of scrnb typhus,  Although this was not strictly true,
the Weil-Felix reaction, in spite of lack of specificity, was a convenient and
useful seiological test for making presumptive diagnoses, for follewing the
course of immunization, and for carrying out gross epidemiological snrveys.
1t was used extensively in U.=. Anmy hospitals and laboratories during World
War 11 until it *vas supplanted by specific preparntions made from rickettsine
obtained in nbundance from Cox-type yolk sac cultures. Rickettsial suspensions
and untigenic fractions were introduced for use in agglutination and comple-
ment fixation tests in 1940-41,

From about 1876, the hody louse had been suspected nf playing an impor-
tani role in the iransmission of epidemic typhus, but in the absence of proof,
many curious nnd inacenrate notions prevailed. In 1909, Charles Nicolle proved
that typhus could be transmitted from man to man by the body louse Pediculus
humaius vav, corporix, Nicolle’s discovery redirected the attack ngainst the
lonse vector. and the adjective *lonseborne” wus added to the name of epidemic
typhus. Now, as Zinsser® wrote: “The strategic initiative passed into the
hunds of mea * * * the victim was in a position to organize a rationally planned
and strategically sound defense against his lListorie enemy.” It was clenrly
shovn in Serbia in 1915, and in I’oland in 1920, that, in the absence of lice,
typhus is not transmitted from person to person. The all-in,portant mode of
transmission is by infected lonse feces deposited on the skin while the louse
is feeding. Occasionally, infection is produced vin the conjunctival sac or
upper respiratory tract by dust containing infected louse feces, The survival
of . prorwazeki in dried lonse feces over months nay acconnt for the persistence
of the micro-organismi dnring an interepidemic season of ihe year.

The attuck upon the louse vector of typhus fever was cinmsy and ineflicient
until after the vutbreak of World War II, althougii studies of possible im-
provements were underway in the late 1930’s. The methods of delousing con-
sisted of heat disinfestation of clothing and bedding, and of bathing and
shaving of hair. The 17.8. /srmy entered World War 11 with the antilouse
weapons of World War I—-lieavy bathing units and stean autoclaves. These
methods removed and kilied lice, brt as they had no persistent or residual action,
they left the person vulnerable wo reinfestation. Late in the 19:0’s, and again
in abont 1941, attention was u'rected to chemical insecticides as possibly better
agents for the control of lice. In 1941, the only avuilable materials known to
possess lonsicidal properties withont being too toxic for man were rotenone and
pyrethrum. In the United States in 1941, interest became centered in a prep-

* Kee footnate 3, p, 179,

wRtrong. Richard P., Rhattuck, George C.. Sellards, A. W., Zinsser, Hars, and Hopkins,
J. Gardner: Typhns Fever Wilh Particular Reference to the Serblan Epldemlc. Cambdridge. Masn. :
American Red Cross. Harvard Unlversity Press, 1920.

11 Wolbach, 8. Burt, Todd, John L., and Palfrey, Francix W.: The Etlology and Palhology of
Tyrphns, Belng the Maln Report of the Typhos Research Comminrion of the League of Red Cross
Socletles to Poland. Cambridge, Mans,: League of Red Cross Societles, Harvard Unlversity Prexs,
1922,



184 COMMUNICAPLE DISEASESR

aration known as MYL, a louse powder consisting of pyretiirins as the toxieant,
mixed with a syvergist, an ovicide, an antioxidant, and u pyrophyllite powder
as a diluent. MYL was adopted for use by the Army in 1942, DDT was not
known to the Army until a1 year luter.

Precision in the knowledge of typhus fevers was grently sharpened in
1926 by the differcnuatior of niurine, fleaborne, endemic typhus fever from the
clussical epidemiie, lourcborne, variety. Zinsser's earlier opinion, later sub-
stantiated, that Brill's Jisease was a form of recrudescent epidemic typhus
increased the clarif cation. These distinctions were of basie importancs for the
development of progrums of prevention and econtrol of epidemic and murine
typhns.

General Measures of Typhus Control

Daring the period from 1909 to 1941, the following general measures came
to be recognized: Case finding, isolntion of cnses, regional isolation and con-
trol and actions based npon epidemiological intelligence. Combining specifie
and general elementy, n Committee of Experts at n conference held under the
nuspices of the Leagne of Nations at (feneva, Switzerland, on 8-10 Februnry
1937, sumimarized a conrpreliensive progrum for the control of epidemic typhus
as follows:

1. Case finding: “depistnge.”

2. Isolation of cnses; “is ement des mnlades.”

3. Isolntion of districts and regions; “cordon snuituire.”

4. Delonsing; “epouillage.”

a. In military gronps.
b. In civilian gronps, inclnding refugees and floating populations.

5, Immumzation of individnals and groups (particulnrly key medical,
sanitary, and auxilinry personnel).

a. Vaccination against typhus.
b. Seroprophylaxis (occasionally) by injections of immnne or conva-
lescent sera.

From the foreguing, it is ciear that arrays of knowledge of typhus and its
control were in existence well before the entry of the United States into World
War I1. But these principles and procedures had not been marshaled for the
purposes of military preventive medicine and the public health programs of
civil affairs and military government in occupied and liberated contries in
the homelands of typhus. Under the guidance and inspiration of Col. (later
Brig. Gen.) James S. Simmons, MC, Chief, Preventive Medicine Service,
this knowledge was assembled, applied, and advanced through research. After
1941, the prevention and control of typhus became a worldwide activity of
the Preventive Medicine Service and an areawide activity of many medical
and line organizations in the continental United States and overseas. Through
continnous research and through the development of new potent materials and
methods during World War II, control mensures gained the capacity to con-
aner both epidemic and murine typhns,
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PREPARATION DURING THE PRELUDE, 1936-41

Un 8 September 1939, shortly after the Nazis invaded Poland and Eng-
land and France had declared war upon Germany, Presidenc Franklii: Delano
Roosevelt issued hrs “Proclamation of Limited National Emergency,” thereby
pntting preparedness into motion. The wonsequences were great for military
preventive medlicize in general and for the control of epidemic typhus ns a
specific activity. The Army’s wartime program of preventive medicine actn
ally began in 1939, abeout 2 years prior to America’s entry into the var. It
was then that The Surgeon (General began to revise his plans for the expan-
sion: of the entire Madical Department as a part of the Army’s preparation
for a defensive war.

TUnder the direction of Maj. Gen. Jaines ('. Magee, The Snrgeon (ienerul
(193913}, the “Surgeon Ge.eral’s Mohilization Plan, 1939” was issned in De-
vember 1939.  This provided for future enlargement of the unit for preventive
medicine, anil it wns on the pasis of this plan that Colonel Simmons was
assigned to the Office, ta becoimne, after a few months (May 1940), Diccctor
of the Preventive Medicine Subdivision ir the Professional Service Division,
Office of The Surgeon General. Reporting for duty on 24 Febrnary 1940,
lie began at once to initiate developments which becane highly iinportant for
both milita1y preventive medicine and civilian public health. From the start,
he included typhus fevers und other rickettsial diseases among the hazards
agminst which intensified resenich nud the development of new nnd letter
wethods of prevention and vontrol shonld be prosecuted vigorousl:.

Many jurisdictionzl matters had to be settled throngh sustained a2 rgument.
it was not gercrally understood in military-medical circles that the scope of
preventive medicine encompassed the total Army and was not limited to the
care of the sick and wounded which many regarded as the main function of
the Medical Department. These different roles save rise to different needs,
to conflicts of opinion, and to different systems of administration—all of
wiich had to be reconcilel within the professional Medical Department.

During the prelude, as well as throughout the war, there were irequent
chang.s of policy, orgnnization, authority, and commanding personnel from
the levels of the General Staff through all intermediate units to small com-
ponents both at home und airoad. Of special significance for the Medical
Department und the Ofiice of The Surgeon General were the establishment
and operetions of the Services of Supply, later named the Army Service Forces
(p- 193). In many of the ensuing situations, the Preventive Medicine Service
had to strive to preserve its integrity and secnre recognition of what it needed
to perform services that were indispensable to the health of the Army.

Appointments of officers in 1940—41 who became chiefs of subdivisions or
branches in the Preventive Medicine Service brought into the office able men
who took important parts in the future work on typhus. Among these were
(listing their final ranks) Coi. William S. Stone, MC (Sanitation), Col. Kar! R.
Lundeberg, MC (Epidemniology). Col. Arthur P. Long, MC (Infectious Dis-
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ensex), Col. Elliott S, Robinson, MC' ( Laborataries ). Cat. Tom F. Wiayne, MC
(Mediea! Inteliigence), snd Col. William A, Havdenbevgh, SuC (Sanitnry
Engiiteering) .

At the end of 1HO acd ey e 1941, in response to ideas and recommenda-
tions of Coloeel Sigentons, the vivilian Board for the Tnvestigation and Control
of Tuflnenza and (rher Epidennic Diseases in the Army ¥ was established in
the Oflice of The Surgeon Genertl and attached to the Preventive Medicine
Service.  Later, this crganizntion became knewn as the Army Epidemiologi-
Al Bewrd and gaited stitns as a “mizerllaneons activity™ of the War Depart-
rient.  Originally, it vansisted of a central board and 10 commissions com-
pored of T to 15 distinguished scientists from the field of investigations of
conmmmicable diseases.  Xlthongh it had a connuission fer certam viral dis-
enses, there wis none specitically derignated for typhns or rickettsinl disenses,
Nevertheless, certia i members of the Hoard and Commisstans had expert knawl-
edge and intevests in these diseases wnd contributed to the development of
policies and proceduares for the control of typlms,  Among those to be men-
tioned expecially were Dr. Francis G. Blake, president of the Board, and Dr.
Kenneth F. Maxey who, in addition to their ocher services, took leading patts
in the investigation of serub tvplins in New Gninen in 1943.

Extensive nud close haison relinionships were established doring 194041
with many orgaiizations it the field of preventive medicine, T! exe ineluded
the Burenu of Medicine nnd Surgery, U5, Novy: the American Muedical Assca-
ciation: the Pan American Sanitary Burean: the International Health Division
of the Rockefeller Fonmdation: (he Baresn of Entomology nnd Plant Quaran-
tine of the U.S. Depnrtment of Agrienlture: the Natiannl Research Conneil
the Committee on Medieal Research, Office of Scientific Research #ied Develop-
ment: the TS, Publie Health Service; the State Depnrtment: the pnblic
health organizations of varions friendly governments: and other govermmental
and civilian lrealth organizations,

The cooperation of the 17N, I'ublic Health Service with the Army, which
lad been wotably valuable dnring World War I, was reestablislud in January
and February, 1940, throngh correspondence hetween the Secretary of War
nnd the Federal Secnrity Administrator, nt ihe instigation of The Surgeon
General. The agreement. provided tlat the Ui, Public Health Service, oft-
erating under the nathority of existing laws and nsing its own resonrces,
would cnoperate with the Army in safeguarding the health of military per-
sonnel hy suitable measures for extracuntonment area sanitation. This ur.
rangement beeanie one of primary impartance for the prevention and econtrol

13 (1) Memorandum, Lt. Col. James & Kimmons, MC, for the (‘hief of (he Planaing and Tralning
hviston (through the Chlef of the I’'rofescional Rervlee Diviston), 27 Dec. 1940, subject : Extablish.
wment of a Board for lhe Invex(igation of lathienza and Other Epldemics {n the Mrmy (with uttached
Jetter for «igmatire of The Kargenn Generall. (2) jeotter, Ma). Gen. James (* Magee, The Surgeon
General. to the Adjutant Gen-ral, 27 Dec, 1940, subjeet : Fstabllxhmeal of a Board for the Investixa.
tion of Infinenzu amd Other Eptilemle Discasex Ia the Army. with sl Ind. AG T10 (12-27 401 M-A,
War Department. A.G.O., t1 Jan 1941, by ord-r of the 8ccretary of War.  (3) Rayne-Jones, Rtanhope :
Board for thie Investigation and Control of Influenza and Other Epldemle Disases In the Army.
Army M. Bull. No. 64 1-22, October 1942,
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of murine typhnus among miliiary personnel in contact with rat-infested areas
of cities and towns nenr enmps in the Sonth in this country.  For the future
work on epidemic typhis, it was even tnore impartunt, going fur beyond the
norinal function of the Service in exercising control over the nmnnfacture of
typhns vaceine.  Throngh this relationship, the great laborntories of the U.S.
Public Healh Service, renowned for stindies of rickettsial imfections (especiatly
typhne). were bronght inta close tanch with the Army. nnd the rxpert services
of distinguished and inflnentinl men in this field became available for the ad-
vancenient af the militnry typhins control progran. Especinlly ta be recalled
in this eonnection e Dre, Thomas Purran, Surgean General, ULS. Public
Health Service: D, Rolla K. Dyer. Director, National Institute of Health:
nd De. Nortame 11, Fopping, Assistant Chief, Division of Infections Diseases,
National lustitute of Health. These three became members of the United
States of Aneriea Typhns Concnission.

An imporinnt relationship was estuhlished early hetween the Preventive
Meslicine Service and tive Burenu of Entomalogy and Phint Quarantine, U.S,
Departient of Agricultore. s Dr. K. F. Kuipling, chief of that Bureau, has
written:'* ** * * in ML, represematives of the Oftice of The Snrgeon Gen-
eral. U.S. Army, and other responsible medical men nmong civilinn institutions
reqric <ted the Burean of Entomology and Plant Quarantine to fornmlate plans
for condueting resenreh on the contral of lice, ns well as other nedically im-
portat insects and arechnids”  Colonel Sinnuons and Major Stone were
chieily instrntaental in deawing thix Burean into work on problems of medical
nulitary signifieance. The effective lonre pawders used by the Army during
the war came hergely from this collnboration,

Two events that oceurred ontsile the Medienl Department during this
periml of the prehude exerted influence npon preventive medicine and typhus
control.  The tird was the Army nmnenvers in the Sonth ; the second was the
“destrayer deal.”

The large maneuvers comlucted by the Army in the Sonth in 1940 and 1941
vere the first gennine corps and army manenvers in the history of the Nation.
large problenss of eontrol of inseet vectors of disense were encointered, and
there was »ome exposute (o nanrine typhus,

On 3 Septeniler 1940, President Roosevelt annoinced to the Congress that
an agreement had Ixen made between the British aml 1" nited States Govern-
ments by which i) overage destroyers would be exchanged for British naval
Imsex and sirbases in Newfoumlland, Berminla, the Baliamas, Jamaica, Saint
Luria, Trinklad, Antigua, and British Guisana. Although the operations of
estublishiment sad maintenance of these bases, including the provision of medi-
cal services, were primarily tuder the Corps of Engineers, the Preventive Medi-
cine Service hecame cnncerned with the sanitary surveys of the areas, and in
the control of malaria and other commnnicable diseasss.  For this work, Col.

 Kntpling. K. F : DT and Orher Insecticiden for Ihe Control of Lie- nnd Fleaa Altackiag Man.
In Rickottrial [Havanes of Man. Washington : American Associaliou for 1he Advancement of Belence,
1948 pp. 213 223
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(Inter Brig. Gen.) Leon A, Fox, MC, was detniled to the Corps of Eugineers
to direct the medical and sanitary work. Later, after he retnrned to the Medi-
cal Department in 1943, he wns promoted to the rank of brigadier general
und served as the second Director and first Field Director of the U.S.A. Typhus
Comunission.

In Decembe,s 1941, endemic, murine, typhus was fonud to be fairly preva-
lent in Jamaiea.™ Through the investigntion of the disease by a group sent
from the Virve and Rickettsial Diseases Laboratory of the Army Medical
Senool, Wushinzton, D.C., interest in typhus was quickened. Later, the five
meinbers of this group, inclnding Lt. Col. (later Col.) Harry Plotz, MC, be-
came attached :a various capacities to the U.S.A. Typhus Commission and
worked both abroad and in Jaborataories in this conntry on problems of epidemic
typhvs, muvine typhus, and scrub typhus.

FROM PEARL HARBOR TO NORTH AFRICA, 1941-42

This period hegan with the Japanese attack on Pearl Harbor on 7 Decem-
ber 19+1, and the declaration of war on Japan hy the United States on the
following day. On 11 December, Germany and Italy declared war on the
United States, and the United States declared war on those countries, The
venr included severni months of planning and preparation for Operation
TORCH, which culminated in the landings of the Allied Forces of the United
Stiates and Great Britain in French North Africa on 8 November 1942, Partly
as a conzeqnence of this first movement of troops into a typhus-infected region,
the United States of America Typhus Commission was estnblished by an
Execntive order of the President, on 24 December 1942,

Immunization against typhus.—Vaccination against epidemic typhus
was adopted for the .Army on 6.January 1042. As the history of typhus vaccine
and a discussion of it+ use have been presented by Long,*® in another volume of
this series, only a brief nbstract with a few additional details will be recorded
here,

The first type of typhus vaccine adopted for use in the Army, as recom-
mended by the Division of Medical Seiences of the National Research Council
on 22 October 1941, was the Cox vaccine. This consisted of a suspension of
typhus rickettsiae (Breinl strain) that had been grown in the volk sac of
embryonated hen'’s eggs, extracted by centrifugation, washed, and killed with
formalin. Tts use was preseribed first in War Department Circular No. 4,
dated 6 Janunry 142, which specified in section III: “All military personne'
stationed in or traveling through Asia, Africa, continental Europe, or other
areas where danger from epidemic typhus exists will be immunized with typhus
vaccine as prescribed by The Surgeon General.” This War Department cir-

14 Plotz, H., Woodward, T. E, Phllip. C. B., Bennett, B. L., and@ Evans, K. L.: Endemic Typhus
Fever In Jamalea, B.WV.I. Am.J. Pub. Health 33 : 812-814, July 1943.

= Long, Artine P.: The Army Immunization Program. Is Medical Department, United States
srmy. I'teventive Medicine In World War 11, Volume 111, Personal Health Measures and Immunl-
2atlon. Washington: U.S. Goverament Printing Office, 1933, pp. 271-272 and pp. 319-323.
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cular, prepared in the Preveutive Medicine Service, stated at this early dnte a
policy that prevailed throughout the war. *Other areas™ were specified from
tine to time, and 1the composition and dosnge schedules of the vaccine were
changed as experience dictated.

Enrly in 1942, it was realized that the original Cox-type vacrine lacked
immunizing potency. The antigenic content was thereafter increased by using
Craigiz’s method ' of ether-excraction of suspensions of rickettsine from yolk
sac cultures and by the a-ddition of a previously discarded soluble specific
polysaccharide antigen. This soluble specitic substanice was discovered almost
simultaneously in the first quarter of 1942 by Colonel Plotz '* at the Army
Medical School and by Topping and Shear:* at the National Institute of
Health. Procurenient of this improved vaccine took time, and in the mean-
time, the original type was used. The new type wns gradually iatroduced
and was the only type used after March 1943,

The effectiveness of vnceination against typhus was open to question.
Results of animal tests became increasingly more favorable with vaccine en-
vichel in antigenic content. That injections of the vaccine into investigators
and technirians handling materials containing live rickettsiae protected against
fatality, if not against infection, became clear. But evidence from field trials
was needed as a basis for making an estimate of the degree of protection
that might be expected to exist among vaccinated troops exposed to natural
infection froa contuct with native populations under epidemic conditions dur-
ing campaigus.  Controlled stndies of the efficacy of typhus vaccine were made
one of the primary objectives of the U.S.A. Typhus Commission, and such
studies were carried out in Egypt. The question was answered affirmatively
in 1044,

Control of lice by insecticides.—In the attack on lice, particularly
P. humanus var. corporis. the transinitter of epidenic typhus, gains were made
early in 1942. By the end of the year, the achievement was becoming one of
the major scientific advinces of the war. Under the direction of Colonel
Simmons, Maj. (later Lt. Col.) William S. Stone, MC, Chief of the Sanita-
tion Branch, was the immnediate leader of this project in the Preventive Medi-
cine Division. To his foresight and energy is due a large part of the Army’s
successful control of epidemic typhus. The Sanitary Engineering Branch,
Preventive Medicine Division, under Col. William A. Hardenbergh, SnC, also
collaborated in the studies on lousicides and carried on extensive work on
rodent control. The major collaborating civilian agencies and nonmilitary
Government agencies were (1) the Bureau of Entomology and Plant Quar-

8 Craigie. James: Application and Control of Ethyl.Ether-Water Interface Effects to the Bepara-
tion of R.ckettalae From Yolk 8ac Suspenslans. Canadian J. Research 23, Rection E: 104-114, June
1845. (Mannscript was submitted on 9 Feb, 1942, bnt was withheld from pubilcation for security
reasons.)

17 Report, Col. Herry Plotx, MC. for lhe Director, United Statea of Ameriea Typhus Commission,
18 Jan. 1946, zubjec;: : Report on Cantridutions From the Divislon of Virus and Rickettsial Diseases,
Army Medlcal 8chool, on the Development of the Trphus Vaccine.

BYoppins, N. H., and Bhear, M. J.: Stndies of Typhna Fever Vaccines. Sectlon 111. Studies of
A:stigens of infected Yolk Bacs. Nat. Inst. liemlth Bull. No. 183: 13-17, 1945. (This Bullelin
cont.ins reporta that had been withheld (rom publication fur wecurity rensons.)
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antine, U.S. Department of Agriculture; (2) the Division of Pharmacology
of the Food and Drug Administmtion, Federal Security Administration; (3)
the International Health Division, Rockeieller Foundation; and (4) the Na-
tional Institute of Health, U.S. Public Health Service. The studies iwere
coordinated by the National Research Conncil and the Committee on Medical
Research, Office of Scientific Research and Development.  In April 1942, the
facilities at the Orlando, Fla., Laboratory of the Division of Inisects Affecting
Man were expanded for this work.!* In the Inboratories of the Divisions of
Insecticide Investigations and Control Investigntions of the U.S. Department
of Agriculture at Beltsville, Md., increased attention was given to problems
of military inportance.

‘T'he subjects of .nsecticide (lousicide) research, development, and appli-
cation are treated in porticns of other volumes of this series by Colonels Hard-
enbergh® Callison,® and WhayneZ Only a short acconnt and commentary
will be presented here.

Insecticide (lonsicide) powders,—At the beginning of 1942, the Army
had available for the control of body lice an insecticidal powder containing
rotenone and pyvethrins. It was only moderately effective. In the search
for new compounds and new combinations of ingredients, an extensive screen-
ing process was put into operation,  Most of the work was done at the Orlando
Laboratory where a large colony of lice (25,000 to 75,000) was maintained and
many humay beings were employed as subjects for the feeding of the lice and
for tests. The objective was to find a substance or combination of substances
which when applied to the skin or clothing would kill lice and their eggs
rapidly and would persist for some days at the site of application exerting
a residual effect. Before the advent of DDT, the objective was partly attained
throngh the finding that purified nonirritating pyrethrins conld be given
greater activity as the toxicant by using n-isobutylundecylenamide as a syner-
gist, and the finding that 2,4-dinitroanisole was a good ovicide for killing
louse eggs The stubility of the pyrethrins was iniproved by the addition of
an antioxidant, phenol S. The diluent, or carrier powder, was micronized
pyrophyllite, The preparation composed of these substances finally recom-
mended by the Burenn of Entomology and Plaint Quarantine through the
Orlando Laboratory aud through the National Research Council on 18 Au-
gust 1942 was known as MYL.

1 Halser, H, L.. and Cristol, 8. J.: The Development of New Insectlcides. In Advaness In Mill-
tary Medl:lne. Boston: Llitle, Brown, and Co., 1948, vol. 11, ch. XL, pp. 621-626.

# (1) Hardenbergh, William A.: Control of Insects, In Medical Department. United Btates Army,
Preventive Medicine In World War 11. Volume 11, Environmental Hyglene. Wanbington: U.S.
Governm 't Priating Office, 1955, pp. 231-232, (2) Hardenbergh, William A.: The Research Back-
gronnd of Insect and Rodent Control, Is Medical Department, United Stales Army. Preventlve
Medicine In World War 11. Volnme 11. Environmental Hygiene. Washington: U.B. Government
Printing Office, 1933, pp. 251-26),

2 (‘allison, Robert L.: Personal Hyglcoe, In Medical Department, Uulted States Army. Pre-
ventlve Medlcine In World War 11. Volnme I11. Personal Health Messnres and Immunization. Wash-
Ington : U.S. Government Printing Office, 1933, pp. 24 and 26.

®# Whayne, Tom F.: Clothing. In Medical Department, United Biates Army. Preventlve Med-
lceine .n World War 1I. Volume 111, Personal Heallh Mcasnres and Immunizsation. Washington :
U.8. Government Printing Ofice, 1955, pp. 57-08.
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On 19 August 1942, Colonel Stone, writing for The Surgeon General,
recommended to the Chief of Fngineers that MYL be adopted, procured, and
issued in place of the powder then in use.

At this time, the Chief of Engineers was charged with the responsibility
for procurement and issue of insecticidal powders against body lice under
his project for repellents against flying insects, which was a portion of his
responsibility for the “execution of insect control programs including ditching
and drainage.” Fortunately, these incongruous arrangements were changed
gradually during the year and finzally in August 19432 when The Surgeon
Genera’ wag made responsible for specifications, and the Quartermaster Corps
was made responsible for requirements, funds, purchase, inspection, storage,
and issue. AR (Army Regulations) 40-205, 31 December 1942, placed new
emp.asis upon the use of insecticidal powder for the control of body lice.
It advised tuat the upproved Quartermaster Corps issue be dusted into the
seams of clothing every 7 to 10 days, not only as a delousing measure but as a
prophylactic against infestation,

As a rule, louse powder was issued in 2-ounce shaker cans labeled “Insecti-
zide Powcer for Ilody Crawling Insects.” As the labels never carried n state-
ment of the composition of the powder, the user in the field did not always
know what any particular can contained. MYL (pyrethrins) came into in-
creasing use toward the end of 1942 and until the fall of 1943 when it was
replaced gradually by DDT.

The work that led to the adoption of DDT began in 1942. The initials
DDT stood for the relatively simple compound, dichlorediphenyltrichloro-
ethure. It was synthesized in 1874 by Othmar Zeidler, a young German student
of chemistry at Strasbourg, in connection with his thesis on chlorinated phenyl
compounds, The formula remained in obscurity in a chemical journal for
nearly 70 years before its biological properties were tested. For some 10 years
bafore 193¢, the J. R. Gelgy Company of Basel, Switzerland, had been working
nn insecticides. Their chemists, especially Drs. P. Lauger and P. Miieller,
found that the water insoluble, fat-soluble compound, DDT, had extraor-
dinary activity against insect pests and parasites of man and animals. It
was recognized as a contact poison, lethal in minute amounts to a great variety
of nsects, and possessing a prolonged residual effect—up to 6 weeks—when
applied to walls, screens, clothing, and skin. It was not an ovicide, but this
did not matter because *he residual effect killed off successive crops of nymphs
as they emerged from eggs. The Geigy Company patented the material and
made it the active ingredient of Neocid (or Gesarol), the lousicidal effect of
which was known to members of the company’s staff and Dr. H. Mooser,*
typhus expert. Dr. Mooser's tests of Neocid as a lousicide were made at his
Institute of Hygiene at the University of Zurich early in 1942, and in a speech

A (1) War Departwent Clrcular No. 69, 7 Mar, 1942, (2) War Department Clrcular No. 178,
7 Aug. 1943,

2 Mooser, H.: Die Bedeutung des Neocid Gelgy flir die Verkltung und Bekimpfung der durch
Insekten iitertragenen Krankuelten. Schweis, med. Wehaschr., 74 : 847, 1944,
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in Geneva, on 13 September 1942, on typhus fever, Dr. Muoser reported on his
laboratory experiments with Neocid on body lice and spoke of the possibilities
apparently offered by the preparation for the control of typhus epidemics,
The Geig: Company, in Angust 1942, informed the Awmerican and British
attaclés it Switzerland about the remarkable insecticidal properties of DDT.
L October or Novenber 1942, the Geigy Company’s New York brunch gave
th2 Orlando Laboratory of the Burenu of Entommology nnd Plant Quarantine,
U.S. Departnient of .\ griculture, a small snmple of Neocid. At Orlando, the
active ingredient, DDT, was isolnted nnd synthesized® and by the end of
1942, the extrnordinary potency of DD'T as an insecticide was confirmed. Steps
were taken inmmediately to develop a louse powder containing DDT for use
in the Army.

Following these laboratory discoveries and farecnsts of the nsefuluess of
DDT for nilaria coutrol, typhus control, ity control, and control of bedbugs,
roaches, nnd flens, enormous activities of military, political, nnd economic
significance developed. DDT, in short supply, was in great demand both
locally and internationnlly. For the next 3 years the Preveutive Medicine
Service and the U.S.A. Typhus Commission were at the center of these affairs.

Delousing by fumigation.—Anyone who has had any experience with
steam disinfestors recalls the clumsiness of the heavy apparatus, the difficulty
or impossibility of handling it in the field with troops in movement, and its
shriveling effect upon clothes, shoes, nud any shrinkable equipment. Realizing
that something better wns needed, Mnjar Stone, soon after his nrrival in the
Preventive Medicine Service in 1941, initiated work on the replacement of
steam by a fumigant to kill lice and their eggs withont damaging clothing and
equipment, and which conld be applied by light apparatus. Methyl bromide *
was selected.  Under the direction of Major Stone, research and developmental
work was done at the Agricultural Research Center nt Beltsville, Md.

Three methods of application were developed: (1) Vanlt funigation, in
which quantities of bagged clothing were exposed to methyl bromide vapor in
n gastight vault or plywood chamber; (2) individual bag fumigation, in which
one soldier’s ontfit was exposed in a gastight fnmigation bag: and (:3) pit fumi-
gation, in which from one to many bags were fumigated in a pit dug in the
gronnd.

During 1942, this fumigation methiod camne into limited use in tle Army.
In the field, where lousiness was readily controlled by louse powder, fumigation
was little used. It was used chiefly in the North African.-Mediterranean The-
ater of Operations in 1943 and 1944 when Colonel Stone was the preventive
medicine officer of that theater.® In the continental United States, the chief
use of the method was at ports of embarkation and debarkation.

* Bushlaml, R. ., McAllsler, . C. Jr.. Eddy, G. W.. and Jones, 1I. A.: DT for the conlrol
of Human Lice. J. Econom. Falomol. 17:126-127, February 1844,

* Circular No. 745, U.B. Depariment of Agricullure, Washington, D.C., April 1946, subjecl : Melhy)
Bromide as & Delousing Agent.

# Circalar lelter No. 43, Ofice of the Surgeon, Headguariers, North African Theater of Opera.
tlons, U.8. Army, 11 Nov. 1941, svbject : Typhus Fever Control,
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REORGANIZATION OI' THE ARMY—RELATIONS WITH ARMY
SERVICE FORCES

During 1942, the Army was reorganized in nccordance with War Depart-
ment Circular No. 59, 2 March 1942. This created SOS (Services of Supply),
later named ASF (Army Service Forces), and placed The Snurgeon General
under the jnrisdiction of the Commanding General, ASF, although direct
access to the Secretary of War hy The Surgeon General was still a possibility
in certain circumstances. The Preventive Medicine Service was thereby
brought into close connection with a medical section of ASF, the Hospitaliza-
tion and Evacuation Branch, and also with its International Division. This
connection with ASF became particularly important during the staff work on
the establishment of the U.S.A. Typhus Commission and throughout its exist-
ence. While many disadvantages resulted from the subordination of The
Surgeon General and the Medical Department to ASF, the arrangements were
not too disturbing to the disense-control programs of the Preventive Medicine
Service. Indeed, in many situations, it was advantageons for those activities
of prevention and control that involved the administration of the Army as a
whole. Furthermore, through this relationship, maay international :ansac-
tions essential for worldwide typhus control were greatly facilitated.

Investigation of the Medical Department.—The Committee to investi-
gate the Medical Department, particularly the Office of The Surgeon General,
was appointed by the Secretary of War late in August 1942, at the instigation
of the Commanding General, ASF. It rendered its final report and recom-
mendations on 24 November 1942. Discussion of the report of this Committee
appears in a volume ?* by Blanche Britt Armfield in the series for adminis-
trative history. Brief mention is made here of the consequences for military
preventive medicine, including typhus control. In general, the Preventive
Medicine Service was commended, but the Committee pointed out the need for
more knowledge about the occurrence of disease in foreign countries in which
U.S. Army troops might be deployed. As a result, the Preventive Medicine
Service was able to strengthen its Medical Intelligence Division, and this be-
came increasingly serviceable for typhus control.

PRODUCTION OF TEXTS

A lurge part of the time of the stafl of the Preventive Medicine Service
was occupied by the preparation of texts of military publications, a number of
which were concerned with typhus. The Medical Intelligence Division col-
lected and disseminated information about communicable diseases and eco-
nomic and social conditions in foreign countries. Army Regulations, including
requirements and information for typhus control, were revised. AR 40-210,

% Medical Department, Unlted Rtates Army. Organlamtion and Administration In World War II.
Washington : U.8. Government Printing Office, 1063,
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“Irevention and Control of Communicahle Diseases of Man,? and AR 40-205,
“Military Hygiene and Sanitation,” were ixsaed on 13 September 1942 and 31
December 1942, respectively. The text of Circular Letter No. 33, Office of
The Surgeon General, “Treatment and Control of Certain Tropical Diseases,”
was prepnred, bnt it was not issued nntil 2 February 1943. .\ considerable
amount of the latest information ubout typlms conirol was inclnded in these
publication s,

BEGINNINGS OF CONTACT WITH TYPHUS OVERSEAS, 1941-42

The first coutnets between the PPreventive Medicine Service and epidemic
typhas in the field began in 1941 when U8, Anuy military missions and some
theaters of operatians overseas were established.  Activities nlong these lines
increased greatly in 1942,

Atlantic bases.—The rumor that epidemic typhus had been introduced
into Jamaica, B.W.L, in 1941 by T8, Army troops was quashed by the wark of
Platz ® and his caworkers who proved that the disease was mnrine typhus,
endemic on the island.

Air transport route across Africa and U.S. Army Forces in Central
Africa.—In 1941, \he Preventive Medicine Service becuie concerned with
problems of typhus in Africa through informal association with wedical rep-
resentatives of PPan American Airways, which, ot the request of the U.S.
Govermmnent, was engnged in setting up an air transport route across central
Africa. The Army began to take over this ronte in January 1942, and the
transfer was completed in December. During the year, a theater force known
as the USAFICA (U.S. Army Forces in Central Africa) was established.®
At first, the main places on the ronte were Acern, Khartoum, and Cairo.
Later, the ronte was extended from Cairo to Karachi, India, via Aden. The
mere mention of these places indicates a ronte spotted with typhus,

U.S. Miiitary North African Mission and Middle East theater.>'—To
aid the British in the management of the lend-lease program, the U.S. Military
North African Mission was maintained from 22 November 1941 until 19 June
1942, On the latter date, it was abolished, and in its stead. USAFIME (U .S.
Army Forces in the Middle East), with Headguarters at Cairo, Egyjt, was
established. A large part of the vast territory which the Middle East theater
encompassed (p. 205) was the hameland of typhns. Fortunately, the chief
wedical officer of the original Mission who becnme Chief Surgeon of the
Middle East theater was Maj. (Inter Brig. Gen.) Crawford ¥. Sams, MC,
whose support and enforcement of measures for typhns control during World
Waur 1I were natable,

Epidemic typhus was prevalent thronghout the Middle East, and many
thousands of native laborers who were louse infested were employed in the

* Ree fontnote 14, n. 1RK.
= Ann' 11 Report, Surgeon, Headquarters, U.S. Army Forces in Central africa, 1842,
# Annu..l Report, Surgeon, Headquarters, U.B. Army Forces In lhe Middle East, 1942
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midst of American troops on numerous types of projects. During 1942, among
the Egyptians, about 24,000 cases of epidemic typhus with some 3,000 deaths
were reported—the largest epidemic of typhus that had occurred in Egypt in
more than 10 years (table 3+). During this time, only one mild case of typhus
fever occurred among U.S. Army troops in the theater. These troops had
been vaccinated against typhus, were supplied with louse powder (pyrethrum
and rotenone), and werc provided with facilities for bathing and steam
disinfestation.

In Iran, epidemic typlius smoldered throughout the land and occasionally
flared up from December through April. U.S. Army troops were exposed
to infection chiefly at Abadan and at Teheran. Table 34 reveals that 1,102
cases were reported among the Iranians in 1942, and more than 12,000 in 1943.
There were fewer than eight mild cases among American units in Iran.

TasLe 34.—Epidemic typhus in French North Africa, Egypt, and Iran, 193044

Number of reported cases
Year
¥rench North Epypt Iran
Africs
D 1 S 529 288 |aceemmcaaaas
1931 e ieeiiiais 930 265 1,167
1932. .. e eaiaea- 965 2,208 1,544
1933, e loiiiioo 1,871 7,865 327
1934, i ieeiaaecaeeo 1, 456 7, 536 1,212
1935 e ieeiaas 1,977 3, 151 619
1936 .. . i iiiiiaae. 2,182 2,757 202
1937 ... - ... . I 8, 921 2, 083 116
D . 11, 377 2, 867 18
1939 . ... . ... e e 9, 353 4,239 89
1940 ... alio. 3, 547 4,135 256
1941 . . _.... R Cees 21, 726 9,324 116
1042 i iiiiiia- 77,335 23, 941 1,102
1043 . e - 27, 340 40, 084 12, 885
1044 e I 6, 226 18, 533 6, 436

Bource: (1) Grenoilleau, G.: L’Epidémie de typhus en Algérie (1941-1942-1943). Arch, Inst. Pasteur d Alglrie 22
353-379, Decomber 1944. (2) Stowman, K.: Typhus During the War, Epidamiol. Inform, Bull. 1 (7): 331,30 April {945
(3) See footnote 32.

A specinl feature of the situation in Iran in 1942 was the outbreak of
epidemic typhus among Polish refugees. According to Brigadier A, Sachs,®
R.AMC, who was Assistant Director of Pathology, British Persia-Iraq
Force:

In the apring of 1942, soma 28,000 Polish refugees and soldiers evacuated from Russia
arrived in Iran vizs Pahlevi, a port on the Caspian coast. Typhus was stated to have been

% Sachs, A.: Typhus Fever In Iran and Iraq, 194243, A Report on 2,859 Cases. J. Roy.
Army M. Corps 86: 1-11, 87108, 1948.
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rife In the concentration crmp from which they came. Malnutrition was marked. The
soclctest mesr. res were °.°2n to prevent the sprend of the dizease. All refugees were
disinfested on arrival a: the port and again at Teheran where they were segregated from
the iocal popuince. Cases of typhus occurred shortly after disembarkation. It is im-
probable that any cases contracied the disease after leaving the port of arrivul. In view
of the strict measures adopted, and the early cessation of new cases, it 1 unlikely that
this linporied typhus had any bearing on the outbreak that occurrd among the civil
populatica of I-an during the ensuing winter.

China-Burma-India theater, 1942-45.—As operations for the control ot
epidemic typhns in this theater did not become extensive, the whole experience
frem 1949 to 1945 will be summarized here, although this will put the accommt
ahead of its plan.

With the inception of the China-Burma-India theater in February-
Marci- 1942, U.S. Army troops became exposed to epidemic typhns in China.
The consolidated theater existed from 4 March 1942 to 24 October 1944, On
24 October 1944, it was divided into the China theater, with headquarters at
Chungking, and the India-Bnrma theater with headquarters at New Delhi.
The 63 rases of epidemic typlms shown in table 33 to have occurred in “China-
Burnia-India™ were cuses among U.S. Army troops in China. There were no
cases of epidemic typhus among snch troops in the India-Burma theater, nor
were there o ny reports of lonsiness among these troops.®

The China theater.—In addition to the statistics just presented, there
were several aspects of typhus in China which were of special interest.

As epidemic typhus was an ancient perenninl among the recurrent diseases
of China, it presented soine relatively urgent problems to the civilian and mili-
tary avthorities of the Chinese Nationalist Government, to Lt. Gen. (later
Gen.} Joseph W. Stilwell, commanding combined Chinese and American
Forces, and to Col. Robert . Williams, MC, surgeon of the China-Burma-India
thenter. Seeking assistance, the Chinese Government, on 23 April 1943, in-
vited members of the U.S.A. Typhus Commission to visit China. This invita-
tion was duly accepted and the visit was approved by the War Department
and the State Depariment. General Fox, Field Director of the U.S.A. Typhus
Commission, and Lt. Col. A. G. Gilliam, MC, Senior Surgeon, U.S. Public
Health Service, attached to the Commission, visited Chungking and other
places in China between 5 September and 21 October 1943. As a result of this
visit, about 1,400,000 doses of typhus vaceine were sent to China through a
lend-lease transfer. Of this amount, 900,000 ml. were to be made available to
the Chinese Army Surgeon General and 500,000 ml. for the use of Chinese civil
agencies for immunization of medical and essential personnel. Arrangements
of this type were renewed from time to time during the war.

Colonel (illiam, who remained in China until early 1944 (when he eon-
tracted scrub iyphus in Bnrma), made surveys of the typhus situation in
Chungking and in the cities of Kweiyang, Ch'eng-tu, Sian, and Lanchow.
Chinese investigators furnished a great deal of information about typhns in

% Van Auken, Howard A.: A Hlatory of Preventive Medicine in the U.8. Army Forces of the
India-Burma Theuter, 1942-35, 8 Dec, 1945. ]10fcial record.|
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the country. Dr. Liu Wei-Tung was bronght to the United States via the
U.S.A. Typlus Commission lnboratory nt Cnira, Egypt, for training in typhns
reseaich at the laboratories ot the International Health Division of the Rocke-
feller Faundation, at the Roclefeller Institute, and at the National Institute
of Henlth. Laboratory equipmeni and supplies were sent to Chinn.

The area was not u suflicientl; active theater of operntions to warrant
setting up a Field Headquurters of the U.S.A, Typhus Commission at Chung-
kiug, or elsewliere ia China.  Tn September 1945, Col. Thomas T. Mackie, MC,
who wus thun Executive Officer of the U.S.A. Typhus Commission Field Head-
quarters at Myitkyina, Burmn (a stution engnged primarily in the study of
serub (ypheis), explored with Dv. P. Z. King, Director General, National Health
Administration, Chim, the possibility of mnking a cooperntive nrrangement
between the Cominission, he Administzation, aud the United Nations Relief
and Relmbiiitation Adminisiration for a program of typhus coutrol in China.
As the problems were essentially civilian, and as the war had ended, this pro-
posal was ‘10t adopted, ana contact ended at about this time,

India-Burma theater.—During the period 194243, there were several
outhreaks of epidemic typhus amoner the civil population in Indin and same
among Chinese troops who had entered the theater in the summer of 194
o: who had been flown *“over the hump” into Assam. The chief outbreaks
among civilians were at Srinagar in Knshmir in October 1943 and at Darjeel-
ing in Octoker 1944, Through the U.S.A. Typhus Commission and the Com-
mandiog Generai of the India-Burma theater, supplies of typhus vaccine and
MYL. louse powder were made available to civilian groups and British troops
in the infected arens.

South Pacific Area, 1942-45.—Between March and December 1942, task
forces were landed and stationed upon many Pacific islinds east of the perim-
eter nf Jupauese occupations. Chief among these were the Fiji Isiands, New
Caledoaia, and New Zealand. The task forces, reinforced, became USAFISPA
(U.S. Army Forces in the South Pacific Area). No epidemic typhus was re-
ported from any of these islands during the war.®* The occurrence of murine
typhus on some of them is discussed in part IT.

Southwest Pacific Area.—U.S. Army Forces in Australia were consti-
tuted by 21 December 1941, and from this organization developed SWPA
(Southwest Pacific Area) under Gen. Douglas MacArthur. SWPA included
8 vast region of ocean and islands from Australia and New Gninea to the Philip-
pines. In this area, mitebnrae scrub typhus becume second only to malaria as
a scvere affliction of troops, 23 described by Philip (ch. XI). There were a
few cases of murine typhus, No case of epidemic typhus among U.S. Army
personnel was reported from SWPA during the war.

Encounters with epidemic typhus in the Pacific area were entirely differ-
ent when U.S. Army Forces entered Japan in August 1945. An account of
the large epidemic th»t occnrred in the first year of the occupation, 194548,
will Le presented later.

3 Aunnuul Report, Surgeor, South Paclfic Area, 1942,
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European Theater of Operations, U.S. Army, 1942—From the vast rec-
ords of ETOUSA (Furopean Theater of Operations, U.S, Xrmy), a few will
be utilized here to present some events of 1942 which were particularly in.
portant for funtnre programs of typhns control in North Africa and on the
Continent.

The American Red Cross-Harvard Hospital Unit had come to England in
July 1940, at the invitation of the British Ministry of Health, to work through-
out the British Isles in preventive medicine and epidemiology. The director of
the unit was Dr. John E. Gordon, I’rofessor of Preventive Medicine and Epide-
miology, ITarvard University. In Mny 102, this unit was activated by Col.
(later Maj. Gen.) Panl R. Hawley. MC, Chief Snurgeon, ETOUSA, as 1 medical
general laboratory. Lt. Col. (later Col.) Jolm E. Gordon, M(C,*> becnnie
Chief of the newly established Preventive Mediciue Division, Office of the Chief
Surgeon, ETOUSA, on 7 . July 1942, Much is owed to Colonel Gordon's fore-
sight and to his wise and vigorons direction of a large portion of the typhus
coutrol program in the Enropean theater.

In July 1942, the Epidemiology Brancli of this Division of Preventive
Meudicine became directly concerned with the planning for the invasion of
North Africa, Operntion TORCH. On 15 September 1942, its Chief, Muj.
(later Col.) J. W. R. Norton, MC, was transferred to ihe staff of AFHQ (Al-
lied Force Headquarters) for duty in preventive medicine in the coming North
African eampaign.  This work occupied o great deal of the time of the staff
of the Preventive Medicine Division. ETOUSA. However, as AFHQ took
over all planiing and ameh medical anthority, official contact. was interrupted
hetween the two nmin expeditionary medical hendquarters in London. Colonel
Gordon practieally ends his account of these matters with the September entry,
asthey had passed out of the ken of the European theater.

During the late sunnner and early fall of 1942 while Anglo- American plan-
ning for Operation TORCH was going on at AFHQ in London, Col. (later
Maj. Gen.) Albert W. Kenner, MC, who had been selected by Gen. George S.
Patton, Jr., to be Chief Surgeon of the Western Task Force destined to land
on the Atlantic const of French Morocco, was at work in Washington on medical
planning and its correlation with the planning of the General Staff and Spe-
cial Staff.?* Colonel Kenner worked in close association with Col. William
L. Wilson, MC, Chief, Hospitalization and Evacuation Branch, Plans Division,
Services of Supply. He had relatively little connection with the Office of The
Surgeon General. The writer recalls one or two secret planning meetings
held in the Preventive Medicine Service, but believes that the exchanges of
informatior. were few and inadequate,

T'ncertainties and lack of medical intelligence regarding typhus fever in
North Africa and the Middle East influenced Colonel Simmons to take actions

% Gordon. John E.: A History of Preventive Medicine In the European Theater of Operations,
U.8. Army, 1941-43, vol. 1, pt. ), pp. 1-11, (Offclal record.)

*(1) Kenner. A. W.: Medical Service In the North African Campaign. Bull, U.8. Army M. Dept.
No. 76, May 1944 : and No. 77, June 1844, (2) Interviews. G. H. Wilson, and W. K. Daum, with
Maj. Gen. Albert W. Kenner, 10 and 11 Jan. 1932, respectlvely,
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in July and August 1942 that rvesnlted in the estublishment of the U.S.A.
Typhus Coumussion (p. 200),

Judging by later disclosnres, the i:formntion about typlus in North
A fries available to the plunners at AFHQ was inaccuraie and incomplete. It
led o the thought that thers was not mnch typhus in Morocco and Algeria,
while in fact one of the largest epidemics in recent times was in progress. More
than 60,000 eases had been reported for the first 10 months of 1942, and probably
five (i1"1es as many wore were unreported. Commenting cn this, Long ™ wrote
later:

In historleal retrospect, the Introduction in 1942-43 Inte North Africa of an Amerlcan
Forec which soon nmmbered hundreds of thonsands of men, at a time when the most
gevere epidemle of typhn: fever the world had known in the last 25 years was raging,
offers food for thought, because the spectacninr nse of DIT as a dusting powder has over-
shadowed the importance of the use of typhus vaccine in the prevention of typhus fever.
A revlew of thie facts shows that In a force of several hundred thonsand Amerieau troops,
whick was Introduced Into Narth Afrlca aud protected ngalnst typhns iir vacelnatlon, only
nlne cases of typhns were reported In 1943, and of these nlue (all of which were mild)
the dlagnosis ii: at least five instances wax in doubt. This Is to be compared with the
exper.ence of thie smaller British North African Force wiileh was unprotected and In
which mere than 29 cages of typhus, with at least 12 deaths, acenrred dnring the sanie
period of tlme.

The details of this onthreak were published later by Chalke.?

This author would add the further stutement that these U.S. Army troops
were free from infestation with lice and were kept deloused by applications of
lousicidal powders, by bathing, and by occeasional steam disinfestation of
clothing and equipment.

To emphasize the extent of the risk from typhus which surrounded the
invading forces in the North .\ frican campaign from the landings on 8 Novem-
ber 1942 to the end of the figlting in Tunisia on 9 May 1943, the statistics
of reported cases in natives and Knropeans in French North Africa are pre-
sented in table 34. For convenience, similar figures for Egypt and Iran are
included in this table.

Looking at the situation 1s a whole, one sees that in the year of the North
Afriean invasion the Allied Forces were in the midst of about 78,000 reported
cases of epidemic typhns, and perhaps 506,000 additional unreported cases. Yet
there were few infections among U.S. Army troops. There was no panic over
the exposure and risks. Instead, there was confidence in the prescribed pro-
tective measures, and these were calmly applied. Later in 1943, after
NATOUSA (North African Theater of Operations, U.S. Army) had been
establislied, Colonel Stone, Chief Preventive Medicine Officer of the theater,

# Report, Col. Perrin H. Long, MC, to Chief, Preventive Medicine Divislon, Office of The Surgeon
General, suhject: A Historieal Burvey of the Activitles of the Sectlon of Preventlve Medicine, Office
of the Surgeon, Mediterranesn Theater of Operations, U.8. Army, 3 Jan. 1943 to 15 Aug. 1943,
10 Oct. 1948,

®Chalke, H. D : Typhus: LExperlences In the Central Mediterranean Force. Part I. Brit. Med.
J. 1: 977-980, 20 June 1946. (Actuslly ainong these British troops there were 36 cases and 11
deaths from epldemic typhus—s case fatallly rstlo of 31 percent.}
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wnd Dree Frd Lo Soper of tne Rockefeller Fanndation flenlth Connnission
used the prevalenee of typhus fever as an opportinity for researches that re-
sulted in a vevolutionary improvement of typhus control—the mechanical
dusting with DT lansicidal powder of individuals fully clothed.

THE UNITED STATES OF AMER!CA TYPHUS COMMISSION

A separate book will be requived to deal adeguately with the valnminons
records of the United States of Aweriea Typhus Commission.  Fortimately,
the papers wporting the scientific work of wembers of the Cannnission und
of ofliwers attached to it have been pablished in medical and scientific joumals™
and a brief hiztory of the start of the Commission was published i 1943.%
At this paint. a short acconnt will be given of the establishment, powers, und
certnin activities of the Connuission, withont attenipding to present u full nnd
cantinuons history,  In subsequent sections, its netivities will be mentioned in
connection with episodes of typhus in varions aveas and theatevs 1o show s
part in the genersd program of typlins contral by the Ay,

In July 1942, Col. tinter Brig, Gen.) Jumes 8 Simmans, MO, Divectar,
Preventive Medicine Service, vealized that therr was u disquieting insufticieney
of mformativn nbont the oceurrence af epidemie typhns in North Afriea, Egypt,
the Middle East, und purts of Furope, including Germany, PPoland, the Bal-
knns, Romniz, and Roviet Russin. Aftee n hnmber of conferences with mem-
bers of his staff and athers, on 5 Anguxt 1942, Colonel Simmons submitted to
The Surgean Geneval a proposed letter for transmission ta the Clief of Stall
through the Commanding General, Services of Supply, snmarizing the state
of aifuirs and recenmending the fornmtian of a gronp to he =ent abrond to
collect inforiention on the baxis of which an improved typhus control program
could be huilt.

Mthangh this was approved, muech difficnlt staff work had to be dane be-
fore finnl appraval by the Seeretnry of War was oltained for the creation of
a nnit to Ye known as the United States of Amerien Typhns Commission.  Im-
portant in this achievemen: were Cal. Wiltinm L. Wilson, MC, Chief, Hospi-
talizntion and Evacation Branch, Plans Division, Services of Supply: Col.
(lnter Brig. Gea.) Roberc C. MceDonahl, MC, of the same office ; and Lt. Gen.
LeRoy Lates, GRC, Assistant Chief of Staff for Operations, Services of Sup-
ply. Later, Genernl Lutes beenme a member of the Rear Fehelon of the Com-
mission and Clairman of the Commirxsian’s F.xecntive Cummittee,

Ry 27 Angust. 1242, a further statement by The Surgeon General expressed
tlie enlarged conception that had been agreed upan at a conference in the Pre-
ventive Medicine Service on 22 Augnust. Purposes, duties, powers, geographic
areas of interest, and compasition af the proposed unit were greatly enlarged.

1) Uslted Reatew of Amerfea Typhus Commission, Coilected Reprinta, Nos. 1-70, 194347,
Wurhington : \War Iepartment. (2) A Syrmposinm oo Vhe Hickettolal Disesves of Man. /s Rickettsinl
Maeaves of Man. Washington: Ameriean Asuociation for the Advancement of Bclence. 1948,

“ Dayne-Jouen, 3. The United Statss of Amoerica Typhur Commisnion. Army M. DBl 68: 4-15,
July 1942,
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As neither Colonel Sivamons nor Dr. Dyer coulld be released to serve as
Director of the propossd Commission, Capt. (later Rear Adm.) Charles S.
Stepherrson, MO, USN, was wominnted for the post.  Ile was appointed Direc-
tor. Thereafter, e beenme the main spokesinun and negotiator.  Finally, nfter
all approvals of the Staje Depmtiient and Federal Security Administration
had been received, the Secrelary of War approved the creation of the United
States af Awmerica Typhas Conmnission.  Captun Stephenson was appointed
Divertar, and other members were appointed.

On 1¢ December 1942, the Secretary of War approved a Rear Kchelon
rompores] of the Assistant Chief of Siafl for Operations, ASF, 1he Chiefs of
the Preventive Medicine Services of the A\rmy and Navy, and the Director of
the National Institute of Health. Plans for fuinre investigations by the Com-
nission were discinsed at a mieeting of the Division of Medical Sciences of the
Nationa! Resenrch Conncil on 27 November 1942, and were recorded in the
minntes of tha: meeting.

After prolonged] discussions and consultations with governmental agen-
cies coverned in this field, agreement was reachied that the U.S.A. Typhus
Commission shonld have high status, broad powers, and support by the War
Department, Navy Department, State Department, U.S. Public Health Service,
and all exeendive departmenis, independent establishments, and other Federal
agencies.  To effectuate this, President Roosevelt issued Executive Order No.
#2530, om 24 December 1942, “Establishing the United States of America Typhus
Commission.”  This order, which has been published in several places, was
as foilows:

Execulive Order No. 9285
Establishing the United States of America Typhus Commission

iy virtoe of the authoricy vested in e a¢ I'resident of ihe United States and as
Comander 1a Chief of 1he Army and Navy of the United Slates, and for the purposes of
protevting | he members of the Armed Forces from typhus fever and preventing its introduc-
tion Inle ihe 'alled Rtates, it i hereby ovdered as follows .

§. There in hereby extabiixhed in 1he War Department, un .er the supervision and
dirmticn of ihe Recretary of War, 8 comuibwion 10 be known as the I'nited States of
Americn Typhus (‘ommimion, hereinafter referred to as the Commission. The Commis-
don xpall nerve with the Army of the United Btates, and shall consist of a Director, ap-
pointed by the Recretars of War, such oficers of the Army Medical Corps as may be
detalled nn inembers thervof by the Secretary of War, such oficers of the Navy Medical
Corps and the I"ublic Health Service as may he detalled ns members thereof, upon request
of the Secretary of War, by the Secretary of the Navy or the Federal Security Administrator,
and sh other peranas as niay be appiiated as members thereof by the Recretsry of War.

2. The Director of the Commimsion s anthorised and directed to formulate and effec-
tuate & pregram for the study of typhus fever and the comirol thereof, both within and
withowt the I'alied Rtates, when It i3, or m&y become, a threat to the military population.
The operrtionn of the Commission abroad shaii be carried out in collaboration with the
Department of State.

#(1) Prderal Register 7: 16800, 1942 (Ne. 233, December 1942), Executive Order No. 9218,
“Eatablishing Ihe t'uited Statvs of Amerien Typhus Commisnion.” (2) War Department Bulletia
Neu. 3. Ree. 1L 13 Peb. 1343, () Army M. Bal), 68: 4.3, July 1943,

716 7517~ 64 —13
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& The tibrecinr of the Coammission o anthorlizd 1o employ weessgry techuienl nml
nonprofesstonnl persounel, uml te aanke such expenditnrees, witldu the limbts of faunlx
made nvnthable o i Comisxion by e Wur Deprtuonl, Navy tieparinond, ot
Sipdes tablie ttenith Serviee, nr othier Govermmendni ngeacies, ax may e decnisd nevessary
by tilwr to acemnpdiste e parposes of Hds order, Members of ddae Armed Forees amy e
detaited tor dnty whili thee Cannnixsion,

4. The Direclor sl tnke steps 1o secnre Hhe cooperntion, asststunee, ntal services of
other Goveraweatn!l ageacles : umke arrangeinenlx for the visllug by amemtwers of the
Coramlssion of sieh nrean of nenirnl or AMilel Natjous as mny be necessary (o fariher
Wi stndy of typhias tever: arnnge tor Hue nimlysis, shinly, nud pabtieation of sctenl lie
dnlu und antertal oldnined I osneh fleid nvesthanions; establish aond amivmin 1yphnx
firvier soudy unlls nt approjehle Governmeaint mboralories : anl proenne such mboratory
spaer, clulent metthies, aml equipmeat ax oty be gecessary to aceaptish the jairpose
of thix order.  He xhalt cotlnbornle witl the Seerelnry of War, 1l Seerotary of The Navy,
1he Mdbotudsienior of the Federnl ¥ecarlly Ageney, and appropeinie sivillon orgnutznlios,
when uecessary, regnrding Hhe procurewenl. of personiiet nnd oqutproaenl tn conieetinm
whih ttee acitvitter of 1he Commizelon, keep e Becretnry of War hiforneet ln regared to
progress amd: o enrrytng onl 1his ovder, il perform sinch other dutles as erom 1lme 1o
lime 1 he Necrebary of War nay ansign te hiln,

AN Exvantive deparhiacnts, inlepeadent esinblisticnl s, and «ther Fidernl ngenchs
are herelgy tthorized gud llrechsd to nasl=l the Seereliry of Wur and the titrector tn
carrylug oul hilx orvder, inchultug 1thee farnlshtng of wuigaural, trauspseigilon, aml per-
sounel tarlthiles and aasl=) e,

4. There % hereby pdabtished n Unlled Qlales of Aerlea Typlas Comnilsaslon Midaalg,
wilte atable nppuriemuess, whibeh stiait e nwanted by 1the Prestdenl of 1the Unlied
Sintes or nt hts atlrection, to nuy persoin who mag remter or contribnle merttarlons service
o coonrelion with 1l work of 1tw Coginisslon,

Franxiiy D. RoosrvrLt.
Tux Warre Houvsk, December 24, 1942,

By this nnnsiml Presidentinl order, the Commission was endowed with
nnprecedented anthority to denl with the problems of n single gronp of disenses.
It was ane of the fist manposite mititney mits. Some phases o iis ennbling
order conhl be interpreted as directing it to intervene in sitnations over which
another governmentnl ngeney (the U5, Public Health Service) had staintory
jurisdiction. . Withont funds of its awn, the costs of operation of the Commis-
sion and the lurge expenditures for antityphas sapplies whirh it recimonended
were paid hy the varions militury arganizations with which it was ussocinted,
and frav lend-lease finids tloroagh OLLA (Offive of Leml-Lease Administr-
tion) or FEA (Foreign Economie Administrtion), or UNRRA (United Na-
tiong Relie! wnd Relmbilitution  Administration).  There wus never uny
ussemhling of the figures for the costs of operation of the Conmission or of
expenditnres wade on the hasis of its requests and reconmmendutions,  This
nuthor, former Director of the Commission, estinutes that the direct costs of
the Cammission were aearly £ wiillionr mind that the expenditures ns o result.
of requests and recommendaiions nmonmted to at tenst. $10 mitlion,

As o “migcellaneons netivity” of the War Department ** laving direct ac-
cess to the lighest governmental wml militury levels, the Cammission was o

9 (10 War Depariment Pieenlar No. 3, 4 Jan, 144, 120 Aemy Reputatlons (43 5, 5 Nag. 10844,
(3 War Depnriment Piecolnr Noo 457, 2 Nov, 1044,
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semiantonomons orguniziation among the medical estublishments of the Army.
I was attached to, or acconimodated in, various regnln: medical organizations,
but it nmintained its integrity as a War Depnrtment agency, estublished its own
climmels of connimmiention, and handled its personnel throngh the Office of
The Adjutant General or some echelon of the General Staff.

To facilitate the work of the Commission in thenters of operations overseas,
letters were sent. by order of the Secretary of War to commanding generals of
such theaters, citing (he Execntive Order No, 9285, explaining the nature and
purposes of the Commission, and reqnesting cooperation and ussistance, par-
ticnlarly with respec. to paragraph 5 of the Executive order. In a theater
of operations, the members of the Commission and nssociated personnel were
under the limited jnrisdiction of the theater conimander. Usually, the Field
Headqnarters of the Commission was attached to the Office of the Chief Sur-
geon. bit in the Earopean theater, it was nttached to G-5 (civi! affairs/military
government ), SHAEF (Supreme Headqnarters, .Allied Expeditionary Force).
Although there were troubles from time to time, the necessary arrangements
were worked out with sufficient hnrmony and effectiveness, on the whole. Nat-
urally, the Commission took care to respect the regular medical and military
authority and jurisdiction with which it was in contact. Indeed, it could not
have functioned otherwise, presidentinl Execntive order to the contrury
notwithstanding.

Personnel, Staffing, and Stations

During the period from 2¢ December 1942 to 30 June 1946, 75 conimis-
sioned officers, 6 civilian scientists and physicians, and about 200 enlisted men
and women served with the U.S.A, Typhus Conmiission. The officers were
drawn from the tliree services as follows:

1. From the U.S. Army: 40 (MC, 24; SnC, 14: MAC, 7: miscellaneous
branches, 4).

2. From the U.S. Navy:19 (all MC).

3. From the U.S. Public Health Service: T.

The Headquarters, Field Headgnarters, teams, and their staffs were as
follows:

Washington, D.C—Headquarters of tlie Commission, located in Preven-
tive Medicine Service, Office of The Surgeon General, U.S. Army. Opened 24
December 1942, closed 30 June 1946. Total staff of 25 officers over the entire
period, with usually 3 to 5 in the office. From late October to about the end
of 1942, before the issnance of Executive Order No. 9285, Admiral Stephenson
conducted the affairs of the Commission from an office in the Preventive Medi-
cine Division of the Bureau of Medicine and Surgery of the U.S. Navy.

Cairo, Egypt.—Field Headquarters in USAFIME (U.S. Arniy Forces in
the Middle East). Opened 7 January 1943 with attachment to the Office of
the Chief Surgeon, USAFIME; closed 25 September 1945, but through a

liaison officer, I".S.A. Typhns Commission activities at Cairo were continned
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and were oflicially terminared on 21 Februavy 1946, The stutf varvied : nsimlly
about S to 10 oflicers,

Xaples, Ftly--17.8..\. Typhus Conmission Ty phus Control Team, based
i Cavio and associared in haly with NATOLSA-MTOUSA, AFLQ, and
Allied Cantrol Comnnission.  First coutact with typhus in Naples about 7 De-
cember 1983; participntion in epidenmie coutrol from 20 Deeember 1943; offi-
einlly responsible for control from 3 January to 9 February 194 Sl of
six oflicers.

London, Fngland. —Ficld Headqmrters in ETOUSA (Earopean Theater
of Operations, U.S. Army) had connections with the Oflice of the Chief Sur-
geon, ETOUSA, Lut was attuched to Hendquarters, SHAKF (G-3). Oftice
opened 17 May 1944, closed 9 November 1944, Stafl of seven oflicers.

Paris, France.—Field Headquarters in ETOUSA,  Opened 9 November
1944, closed 27 Angust 145, Statl of seven officers,

Frankfurt, Germany.—Fiekl Hendquarters in USFET (U.S. Forces, Eu-
ropcan Thenter), Opened 27 November 1945, closed 22 April 1946, Staff of
seven officers.

New Guinea and the Philippines—Field Hendgnarters of mobile vesenrch
and coutrol terms concerned chiefly with serub typhus:

1. Jont temn with the Army Epidemialogical Board, in Eastern New
Guinen, SWDA, from 19 October 1943 to 12 December 1943, Statf of three
officers.

2. Group with troops in New Guinen und the Philippines, SWPA, from
7 April 194¢ to 19 March 1945, Staff of four officers.

Manila, I'{,—Field Headquarters in SWI'A (Southwest Pacitic Aren),
later USAFPAC (U.S. Army Forces, Pacific). Opened in nttachment to the
Oftice of the Chief Surgeon, 19 March 1945, cloxed nbont 23 Qctober 1945, when
USAFPAC-Renr moved to Tokyo, Japan. Staff of seven officers.

T'okyo, Japan—Field Headquarters in USAFPAC-Advanced, with at-
tachments to Office of the Chief Surgeon, General Headquarters, USAFPAC,
and to Public IHHealth and Welfare Division, SCAP (Supreme Commnnder
for the Allied Powers). Opened 3 October 1945, closed 20 May 1946. Staff
of nine officers,

Myitkyina, Burme—Field Headquarters in CBI (China-Burma-India
theater) was attached to the Office of the Chief Surgeon of the theater. Opened
9 November 1944, closed 10 November 1045, was concerned chiefly with prob-
Jems of scrub typhus in the Ledo Road area. Stafl of 18 officers.

In the stafl enumerations just given, the total of officers nssigned to sta-
tions and teams exceeds the total assigned to the Commission. The explana-
tion is that a number of officers served at varions times at more than one
station, and they were counted for each assignment.

The Directors of the U.S.A. Typhus Commission were:

Rear Adm. Charles S. Stephenson, MC, USN, originally designated Di-
rector on 22 October 1942, formally appointed Director on 13 January 1943,
and relieved as Director on 17 February 1943 on account of illness.
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Brig. Gen. Leon A. Fox. M, appointed Director on 17 February 1943
(while in grade of colonel), at his request relieved as Directoron 21 Augnst 1943
and appointed Field Director.

Brig. Gen. Stanliope Bayne-Jones, MC, appointed Director on 21 August
1943 (while in grade of colonel), relieved as Director, 30 June 1946, on termi-
nation of the Commission.

In all of these places and under all sorts of conditions, the relationships
between the Commission and organizations, and between individuals, were
intricate, often experimental, and sometimes difficult. While they were har-
monions on the whole, controversies and conflicts occurred occasionally. The
most serions of these were in the Field Headquarters of the Commission at
Cairo in 1943, and between the Commission and the Preventive Medicine Divi-
sion of the Office of the Smrgeon of the North .\friean-Mediterrnnean
Theater of Operations. Conflicts and mutual recriminations, however, did not
prevent great accomplishments. There was ample credit for all, although it
was not always widely accorded at the time. Regretting that such troubles
occurred at all, the author will limit the mention of them to a few that seem
sufficiently impertant and will try to avoid recall of bitterness,

The U.S.A. Typhus Commission had an eventfnl existence of about 314
years until, on its own motion, it was dissolved as of 30 June 1946 by President
Truman’s Executive Order No. 9685, dated 17 January 1946,

EPIDEMIC TYPHUS IN THE MEDITERRANEAN REGION, 1943-45

In spite of the vastness of the area and its many different countries and
peoples, and in spite of the differences between the missions and military
situations of the American and British organizations in the area, it is possible
to present a fairly unified account of activities for the control of epidemic
typhus in the Mediterranean region and Middle East from 1 January 1943 to
31 December 1945.

The two major theaters were:

1. USAFIME (U.S. Army Forces in the Middle East), later, 1 March
1945, AMET (the Africa-Middle East theater), which included Egypt, Pales-
tine, Trans-Jordan, Lebanon, Syria, Turkey, Iraq, Iran, Saudi Arabia, Greece,
Yugoslavia, and Senegal (Dakar), with minor contacts with Libya, Anglo-
Egyptian Sudan, Ethiopia, Eritrea, British Somaliland, Italian Somaliland,
Yemen, Aden Protectorate, and Oman.

2. NATOUSA (North African Theater of Operations, U.S. Army), later,
1 November 1944, MTOUSA (Mediterranean Theater of Operations, U.S.
Army), which included Morocco, Algeria, Tunisia, Libya, Sicily, Italy, Yugo-
slavia, Turkey, Greece, and Spain.

The boundaries of these two theaters were changed from time to time.
Hence the names of several countries appear in both jurisdictional lists.
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The Africa-Middle East theater was never a theater of military combat.
From the start in 1342, the chief concern of USAFIME, with Headqunarters
at Cairo, Egypt, was to give aid to the British war effort in that region. In
Juoly 1943, the strength of the Middle East theater reached a peak of 66.500,
of which number 27300 were in the Persiun Gulf Command. By Janunary
1944, the strength had dropped to 46,000, The U.S. Nimth Air Force left the
theater in Septemnber 1943. By September 1945, the strength was 21,000. In
1943, the main functions of this theater became those of supply and service.
Extensive lend-lease transactions were condicted there throngh FEA and
the Middle East Supply Center, at Cairo.

Typhus Commission Activities in USAFIME

The Forward Echelon of the U7.S.A. Typhns Commission arrived at Cairo,
Egypt, on 7 and 20 January 1943, The first section under Admirni Stephenson,
Director, inclnded Colonel Plotz (p. 188) : Lt. Comdr. W. B. McAllister, MC,
USNR; and Dr. Fred L. Soper. staff member of the International Health
Division of the Rockefeller Foundation. The second section under Capt. E. H.
Cushing, MC, USNR, included Colonel Gilliam (p. 196) ; Maj. (later I.t. Col.)
John C. Snyder, MC; Dr. Charles M. Wheeler, entomologist, later cominis-
sioned major, SnC; and Lt. Comdr. Andrew Yeomans, MC, USNR.

There were seeds of later troubles in the composition of the Forward
Eclelon of the Commission. Navy personnel predominated in a group desig-
nated to assist in handling ashore a predominantly Army problem. The large
representation of the Internationa] Health Division and International Health
Commission of the Rockefeller Fonndation (Soper, Snyder, and Wheeler)
tended to make a group within the group with special ties to the parent civilian
organization. .Arrangements for payments of salaries and for separations “at
the eariiest date compatible with the mission of the United States of America
Typhus Commission” emphasized the divided allegiance.*

The Commission was well introduced by a letter, dated 27 December 1946,
by order of the Secretary of War, to the Commanding General, USAFIME,
and this letter secured all necessary support during the next 2 years. The
main problem wrs how to integrate a presidential commission under the Sec-
retary of War and a Director clothed with broad powers, reporting directly to
the Secretary of War, into the military organization of a theater of operations
under a commanding general whose powers were virtually absolute. As there
were no precedents to be followed, arrangements had to be worked ont through
experience. In the Middle East theater in July 1944, a theater commander
attenipted to assign the local unit of the Commission to his headquarters “in a

@ Letter, Rear Admiral C. 8. Stephenson, Director, United States of America Typhus Commission,
to Dr. W. A. Sawyer, Director, International Health Division, Rockefeller Foundation, 9 Dec. 1943,
with reply from Dr. Sawyer, 14 Deec. 1942, attached thereto.
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command line.”**  This was vesisted locally and was definitely prevented by
stafl action in Washington, by order of the Secretary of War.+

On 12 January 1943, an ngreement was made between the Commission and
the Ministry of Public Health of the Egyptinn Governineut throngh which the
Comission obtained the use nnd control of a ward for clinieal studies of
typhus at the Abassin Fever Hospital und laborntory space at the Govern-
nient. Serum Institute, and privileges for the study of the pathology of typhus.
In additian, the agreement. provided for a controlled study of the efficacy of
typlms vaceine and for nn investigation of lonse powders at Esbe Rawmeses
and Bidsah.

On 24 Jauvary 1943, Admiral Steplienson, who was on his way to Teheran
to wnke a survey of the typlius situation in Irun, became ill in Damnscens, Be-
canse of this illness, the Secretary of War regretfully relieved Admiral Ste-
phenson of the Directorship of the CCommission.

On 3 Febriary 1943, the Secretary of War appointed Col. (later Brig.
Gen.) Leon A, Fox, MC, Director of the Comnmuission. General Fox arrived in
Cairo on 28 March 1943 and took over and reorganized the Field Headquarters
there. At abont the same time, the Rear Echelon ut the Washington office
assumed anthority which it should hnve been exercising from the beginning.
At his request, General Fox was relieved as Directar and appointed Field
Director ou 21 August. 1943, and on the same date, Col. (later Brig. Gen.)
Stanhope Bayune-Janes, MC, was appointed Director of the Cowmission to
serve at the ITeadquarters iu Washington, in addition to his other duties as
Depnty Chief of Preventive Medicine Service and Administrator of the Army
Epicdemiological Board.

Surveys.—During the period from January 1943 to September 1943, the
U.S.\. Typhus Commission made surveys of the typhus situation and related
economic and medical conditions in most of the countries of North and East
Afrien and the Middle East. These surveys furnished a great deal of service-
able information which was used by both military and civilian authorities.
Important. scientific, military, and governmental contacts were made in all
ronntries visited.

Middle East Supply Center.—Throughout this period, 194345, the
Headquarters of MESC (Middle East Supply Center) was at Cairo. While
the Center was predominantly a British organization, the chief civilian Amert-
can representative on its board had the rank of Minister. The enormous lend-
Jease transactions handled by the Center were mostly for American agricul-
tural prodnets, food, and medical supplies. In 1943, the MESC area included
18 countries and about 80 million people. Late in 1944 and early in 1945, Yugo-

# Sl Nemorandim No. 12, Headgnarters, US. Army Forees Ip the Middle East, Calro, Egypt,
10 July 1044, subject : Organlzation and Operation of Headguarters, U.8. Army Forces In the Middle
Easnt.

“ Radlogram Mesnage No. WARX £1526 (TAM 260 from CCS8 cite OCACI. 14 Aug. 1944, subject :
fpecial Attachment of the Calro Group of the United Staces of America Typhus Commission ta Head-
quarters, AML (Balkans). {DPart 3 of this message clearly denes the atatua of the Commission as a
“mircellanecus War Department activity under the supetvision of the Becretary of War.”}
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slavia and Greece caime into the MES(C area through the operations of UNRRA
and AMIL Balkans, bringing the countries np fo 20 and the popnlation np to
about 100 million.

In all these countries, epidemic typhns was n prohlem, in varving degrees.
In some, it was a threat or hindrance to the war eflort, or an increased hurden
upon liberating and occnpying military forces. Ience, MESC wans constantly
concerned with the procurement and distribution of supplies for the control
of typhus, chiefly vaccine and lonse powder.

The Chief Surgeon of the Middle Eust theater and the Field Director of
the U.S.A. Typhus Commission were members of the Executive (‘fommittee of
MEMAC (Middle East Medical Advisory Committee), the recommendations
of which influenced policy, procurement, storage, and distribution of medical
supplies. The U.S.A. Typhus Commission became & main adviser.** The final
position of responsibility of the Commission is indicated in the following ex-
cerpt from a MEMAC memorandnm, dated 26 January 1945:

The U.S.A. Typhus Commixsion will meet all legliimnte revuests for typhus vacelne
piaced by Middle East Governments through the Middie East Supply Center. Typhus vac-
cine Issued to Middie East Governments ir Issued free of charge and remains the property of
the U.S.A. Typhus Commission untii finally administered to an individual. Agencles to
which vaccine is insued serve as agents of the 1.8.A. Typhus Commission, to which they
are responsibie for proper storage and adminixtration of vaccine to them,

Regarding the free distribution of typhus vaceine. information is given
in paragraphs to follow about the First Cairo Conference of 22-26 November
1943.

The U.S.A. Typhus Commission recommended that in developing typhus
immunization programs and estimates of requirements for vaccine, particular
atiention shonld be given to—

1. The group at greatest risk—doctors, nurses, hospital staffs, public
heslth and sanitary personnel, police, jailers, and prisoners.

2. Personnel who are at risk and the deprivation of whose services would
interfere with the war effort or disrupt the normal life of the community,
especially transportation employees and employees of communication services.

3. Whole communities which for one reason or another required protec-
tion might be considered for mass vaccination.

4. Military personnel of neutral countries. For example, on the advice
of the U.S.A. Typhus Commission, typhus vaccine was supplied through
MESC for the Egyptian Army, the Iranian Army, and the Turkish Army.

The requirements for typhus vaccine based upon these considerations be-
came enormous. From 1943 through 1945, more than 50 million ml. of Ameri-
can-made typhus vaccine were provided for the Middle East countries and for
Morocco and Algeria. During one critical period when there were no other
“firm orders,” the estimates of need, tantamount to requisition, placed hy the

“(1) Minuten, Middle Kast Medical Advisory Committes, 20 Apr. 1948. (2) Mlnutes, Middle
East Medical Advisory Committee, 28 July 1943, attached copy of telegram from Middle East Supply
Center to British Embassy, Ankara, Turkey, 16 July 1943,
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U.S.A. Typhns Commission helped to keep the manufacture of the vaccine
going in the United States, thus holding together the innnumized staffs of
workers at the specialized plonts.

With respect to louse powders, particularly nreparations of DDT, a sim-
ilar story cou!d be told about the beneficial collaborntion between the Office of
the Chief Surgeon, USAFIME, the U.S.A. Typhus Commission, and MESC.
Starting from a dribble of samples for testing in 1943, the requirements, peri-
odically determined, for the Middle East pool reached 30 tons of pure DDT
by April 1944 and 60 tons in 1945, In this nren, the U.S.A. Typhus Commis-
sion became n mn tin adviser on production, procurement, supply, and nllocation
of DDT and dusters for use in the prevention and control of typhus*?

Egypt.—Surveys in ¥gypt, together with the reports of Van Rooyen,*
showed thnt typhus maong the Egyptinus in areas nround Cairo and Suez,
and in the Nile Delta, was a major problem of civilian preventive medizine.
The epidemic period was from December to June, with a peak usually in April.
The cese fatality rate was about 15 percent. As shown in table 34, the most
severe epidemics of typhus fever in Egypt in 15 years occurred in the period of
1942-44. Military preventive medicine, however, had no difficulty in coping
with the threat represented by these outbreaks of typhus in the civilian environ-
ment. of troops.

To assist the Egyptian Government, typhus vaccine and louse powder
were provided in large quantities through MESC. There was a high incidence
of epidemic typhus in the Egyptinn A\rmy. For example, in n total strength of
62,500 in 1943, there were 239 cnses and 40 deaths from epidemic typhus.
Through an agreement between the Field Director of the U.S.A. Typhus
Commission and the Egyptian Surgeon (General, dated 8 January 1944, train-
ing in the newer methods of typhus control was provided and sufficient typhus
vaceine to immunize the whole force was made available.

Iran.—To safeguard the supply of oil and gasoline from the wells and
refineries in the region of the P’ersinn Gulf and to inake sure that Iran remained
sympathetic to the Allies, it wns necessary to support that country and to keep
its customary diseases in check. Of these diseases, typhus wus in the front
rank. The accounts of actions taken to control typhus in Iran from 1943 to
1945 fill hundreds of pages. Many of them are so fantastic that they resemble
the adventures of Hajji Baba of Ispahan.

Conditions similnr to those in Egypt were found in Iran where outbreaks
of typhus of unusun} severity occurred duriug the period 1943—44, as shown
in table 34. In the midst of this, the incidence of typhus in American troops
was negligible.

$7(1) Minutes, Middle East Medlenl Advisory Commlltee, 3 Apr. 1945, (2) Memorandum,
Director, Unlted States of Amerien Trphur Comminslon, for Maj. Gen. LeRny Lutes, Axsdstant Chief
of Rtaff. Operatlons. Headquarters. Army Service Forces. 14 June 1944. subject : DDT Supply for the
Unlted Slates of America Typhus Commission and CAD.

% Van Rooyen, C. E, Bowie, J. I, aud Krikorlan, K. 8.: Typhus Kewearch In Egypt, Palesline,
Iraq. and Iran. Tr. Roy. 8oc. Trop. Med. & Hyg. 38: 133-148, November 1944.

716-751"—84-—-18
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Strenuous etforts were mnde by the U.S.A. Typhns Commission to arga-
nize n modern progrum of typhus control in Imn. It was diffieult, howasver, to
translate officinl agreements into actions, to apply principles and methods
impnrted in imining, and to make snve that typhus vaccine and lanse powders
were administered as intended to essentinl personnel nnd to the lanse-infested,
typhns-bearing impoverished natives, and did not become sequestrated by the
palitically prominent und wealthy, or peddled on the blnck market. By late
1944, vaccination agninst typhns and delousing with DDT had been carried
out on a hirge senle. Vaccine und louse powder were supplied to the whole
hanian Army.

Turkey.—In 1943, Turkey was & sonrce of anxiety because typhus in-
crensed to epidemic propartions and bevmise there was the possibility that
Turkey's “sympmthetic neutrality™ in relations with the Allies might be
changed by German pressure to an attitude that wonkl permit .Axis counter-
nttncks through the Middle Eust to Snez ut the time when the invasians of
Sicily aud Italy were getting underway. Ambassador Steinhardt appreciated
the opportunity to bring American medienl assistunce to Turkey and thus
strengthen the ties between the two countries.

Acconding to Stowman,®” in Turkey in 1940, 1941, and 1942, there were
reported, respectively, 816, 950, mud 878 cases of epidemic typhus fever. From
the beginning of 1943, an increase became accelerated, nud the epidemic renched
n peak in April-June. Istanbnl and the European territory of Turkey also
were nffected. In 1943, the totnl number of reported cases was 4,143: in 1944,
the number was 2,261 : and in 1944, it was approximately 3.000.

At the request of the Turkish Government, and with approval by the
State Department and the War Department. Brig. Gen. Leon A. Fox, Diree-
tor of the 1.8.A. Typhus Commission, flew into Turkey (in civilian clothes),
arriving at Ankara on 10 June 1943. He outlined a realistic typhus control
program for Turkey and a specinl program for the Turkish Army, and gained
an agreement for the conduct of two controlled field tests of typhus vnccine—
ane in the Army and one umong the miners of the Zanguldak mines. Maj.
(later Lt. Col.) Edward S. Mnrray, MC, was brought from the Commission’s
office at Cairo and put in charge of these activities. Typhns vaccine was
supplied freely throngh MESC as a straight lend-lease transaction for use in
immunizing civilians and the Army.

Unfortunately, for vurions reasons—some personal, some political, and
some nationalistic—the efforts to carry out an orderly control program and
scientific tests of the efficacy of the vaccine ended in disappointment. No con-
clusions could be drawn from figures collected during & year's work, although
the Turkish anthorities seemed to feel that the vaccine had prevented some
occurrence of typhus.  As conditions for scientific investigation remained un-
satisfactory, the project was discontinued early in 1044, Although the scien-
tific rapport lapsed, the political association had been strengthened.

* Btowman, K.: Typhus During the War. Epidemiol. Inform. Bull. 1(7): 288-310, 30 April
1945,
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Field tests of MYL louse powder in Egypt in 1943.—The U.S..\. Typhus
Commuission’s work in Egypt on the stndy of MYL under conditions of natnral
lonse infestation got underwny in February 1943 at Esbe Rameses, a cluster
of six homes lying just west of the ("olossus of Rameses 11 on the site of ancient
Memphis. This Eshe was administered by the nearby village of Mit Ry.haynah
where the iirst fieldl stndies of the efficacy of typhus vaccine were made at a
later dute. On + March 1943, an outbreak of epidemic typbus at Bidsah, a
village of some 2,000 people, 25 miles south of Cairo in the Province of Gizah,
presented an opportunity to test the possibility of rapid control of typhus in
an infected population.

By early March 1943, two ronnds of application of MYL powder to cloth-
ing that hnd been removed from lonse-infected persons and applications to the
bodies of these persons were spectacularly effective. Dr. Soper® reported
that the rednction of lonse infestation in Rameses following the first two appli-
entions of MYL was most striking and snggested thut complete cleaning of
the population conld be readily accomplished. As it thrned out in the end,
these were correct observations nnd vnlid conclusions. Bnt n very troublesome
period of acrimonious controversy, lasting nearly 6 months, had to be fought
through before the nrgument was displaced by the greater interest in DDT.

To the dismay of the investigators, and inany others, the third and fourth
series of tests of MYL at Esbe Rameses in April and May 1943 gave irregular
results and some failures. The investigators concluded that some batches or
cans of MYL powder were defective or had deteriorated during storage.

Unfortunately, reports of these poor results and some indiscreet state-
ments created the impression thnt the Army lonse powder MY was no good.
Col. William S. Stone, MC, Chief, Sanitation Branch, Preventive Medicine
Division, Office of Thc Surgeon General, a firm believer in MYL, severely criti-
cized the design and conduct of the experiments of the (lommission in Egypt.
After mnch debate, retestings at Orlando, and review of records, the position
maintained by Preventive Medicine Service was that the Commission’s reports
had aroused nnwarranted criticism, that the Army’'s lonse powder was effec-
tive, and that steps should be taken by General Fox to prevent or counteract
nunfavorable rumors based on incomplete information.

This controversy involved not only matters of morale but also policy as
to whether reliance for delousing troops and civilians should be placed npon
chemical insecticides in preference to disinfestation by heat. Passing over a
great deal of searching debate and anticipating events, it may be said here
that the decision made in Preventive Medicine Service early in 1944 was in
favor of the use of chemical insecticides for delousing and for control of the
louse factor in epidemics of typhus.

The outbreak of typhus at Bidsah, in March 1943, ended sooner than ex-
pected and with fewer than expected cases following applications of MYL

* Memorandum, Dr. Fred L. Soper. for Brig. Gen. Leon A. Fox. Director, Unlted States of
America Typhun Commlsslon, 4 June 1043, subject : Apprilsal of the Efficacy of Army Powder (MYL)
and Methyl Bromlde In the Control of Louse Infestatlon,
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lonuse powder.  This was regarded as 2 definite indication that an enthveak of
typhus eauld be swanght nuder cantrel hy application of a chemical insecticide.

Mechanical dusters. -The wechanieal dusting of people fully clothed
was highly important Jernnse of the saving of time and hecanse of the im-
possibility, or great difienlty, of persuading Mostem women to disrobe. Tn-
fortnnately, theve arose a dispnte over priorvity of invention et ween the U8\,
Tyvhins Commissian aud the Rockefeller tenm in North Afrien, under the di-
rection there of Dr. Soper who had been transferved to that assignment on 31
Muy 1943, The revords show that as early as Fehrnary and Mareh 1985 Dr,
Wheeler (p. 206), member of the US AL Typlus Commission, was thinking
abont the use of agricultural hawd dusters and power dusters for blowing
lonse powder up the sleeves, down the biuck, iuto the transers or skirts, into
the hair nnd liats, and inta any clothing, bedding, equipient, floors, and furni-
tire of persons infested with lice or suspected of being o infested. On 20
Marveh 1943, in Cairo, he pnechased u Sigmnl Duster and a Corpornl Duster far
these pneposes.  Later in the year, he devised n matar-driven “pawer duster,”
In the Novth African theater, this method was perfected and priority elnimed.
This was another nseless controversy.  Others ad hnd the same idea at lenst
a year betore,  Notably Colanel Stone and Dr. John A Farvell, Awocinte Di-
rector, Internatiaml Ilenlth Division of the Rockefeller Foundution, hml rx-
pressed the coaception, in detailed tevins, of delonsiug people fally clothed
by puffing insecticide into their gamuents,  Tu the opinion of this author, Dr.
Wheeler was the tirst to apply MYL aud Iater, in 1943, DDT louse pawder
mechanically by hand dusters and power dusters ta lonse-infested individuals
fully clothed.

Typhus vaccine tests..—Tests af the elficacy of the Armiy s typhus vaccine
were carried ant by the 175\, Typhns Commiission at the Abassin aud Finbnha
Fever Hospitals in Caivo in 1943 and 1944, The published report on this
work hy Ecke ' and his assocites appeared in 1945, but the resnlts were well
known in the previons yenr.

In the ficst trial, conducted fram Joannary (o Jduly 19043, 743 individmls
among Egyptinn employees at the Abassin Fever Hospital were given one ar
more wjections af the vaecine.  In the second trinl, from November 159435 to
September 1944, T99 emplayees at Abassin and 460 at Einbaba were given one
or more doses of the vaceine.  Among these 2,002 individials who were exposed
to typhus during two severe epidemics, 61 cuses of typhus ocenrred. Most of
the cases were mild.  Only one death ocenrred, and that wies of a person who
had been vaccinnted during the incubation perisd.  The mortnlity in unvacei-
nated patients ranged from 8.7 to 47 percent, according to uge. The resnlts
showed that, while vaceination did not always prevent infection, two or more
doses of Cax-type vaccine given 3 weeks or more before the ouset of typhns

4 Fcke, R. 8, tllillam, \. G, Rayder, J. C., Yeomana, A, Zarafoneils, C. J, and Murray, K, K. ;
The Effrct of Cox-Type Vaecine on Louse-Borne Typhun Fever. An Account of 61 Canses of Naturally
Oceurring Typhus Fever 1o 1'atlenta Who llad Previously Recelved One or Morve Iajections of Cox.Type
Vaceilne, Am. J. Trop, Med. 25: 447-462, November 10435,
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reduced the severity of the illness and practically eliminated fatality, This
experience strengthened the recommendation that vaccination against typhus
be included in programs for the control of epidemics.

It was dreaded that individuals suffering from typhus subdued by vacci-
nation would spread the disease among their louse-infested associates. Sny-
der > allayed these fears. He showed that “the lice which feed on patients
who contract typhus after a course of typhus vaccine develop very few rickett-
sice in comparison with lice from unvaccinated patients. Persons who have
had booster doses infect their lice only rarely or not at all. Thus vaccination
of a community undoubtedly will reduce the potentiality for spread of the
disease by lice.”

Several vears later, after reviewing the evidence acquired from the ex-
periences with typhus during World War II, Snyder summed up the opinion
generally held as follows:

It seems safe to assert on the basis of the informatlon now avallable that Cox-type
vaccine when pruperiy prepared and administered will reduce the mortaliiy from typhus
to a negligible point, wlill lessen the severity of the lllness greatiy, and shouid decrease
enormously the poasibility of typhus attaining epidemic proportions in a thoroughiy vae-
rinated community.

First notification of typhus in Naples.—On 21 September 1943, BBC
(British Broadcasting Company) announced that epidemic typhus fever was
occurring in Naples, Italy. This was the first public flash from the gathering
storn* of typhus which became potentially dangerous to the Italian campaign
of the Allied Forces from October 1943 to February 1944. On the date of
the BBC broadcast, the Allied Forces were within 10 days of entering Naples.
The account of actions preceding and following the uncovering of typhus in
Naples will be given in the section dealing with the typhus control activiiies
of the North A frican Theater of Operations,

First Cairo Conference, 22-26 November 1943—free distribution of
typhus vaccine.—At the First Cairo Conference between President Roosevelt,
Prime Minister Churchill, and Generalissimo Chiang Kai-shek, held from 22
to 26 November 1943, the President decided that the U.S. Government would
distribute typhus vaccine without charge to Middle East countries. The
President’s decision, based upon a proposal submitted by General Fox, was
stated as follows:

Typhus vaccine used for civil controf of typhus fever in civil populations, as recom-
mended and directed by the United States of America Typhus Commission, and urder
reasonable Typhus Commission control, to be made availabie from Typhus Commission
atocks without reimbursement.™

The proposal for free distribution of typhus vaccine and measures to keep
it out of the “black market” had been in the mind of General Fox for some

® 8nyder, J. C.: Typhas Fever Iu the Sscoud World War. California Med. 86: 1-10, January
1947,
=(1) Letter, Brig. Gen. Leon A, Fox, Field Director, Unlited Rlates of Ameriea Trphus Commis-
slom, courtesy of Admiral MclIntire, for Col. 8. Bayne-Jones, Director., United States of America
Typhus Commission. 29 Nov. 1943. (2) Radiogram AMBME No. 9724, for Kirk {oform Bayne-Jones
from Fox signed Roycs, 20 Nov, 1048,
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time. He developed his idens in conversations with Mmbassador Steinhardt
and Ambassador Winant, and Genernl Lutes, in Cairo about 15-19 November,
“as a program of typhus inmmmization for civil populations that wounld cost
sich a sinall perceut of what we plan to spend for rehabilitation of civil popu-
lations in fonght-over areas as to be relatively insignificant, and which
would * * * reflect credit. on the American people.” llealth ngencies of for-
eign governiments accepting the vaccine wonld, by agreement, act as official
agents of the U.S.A. Typhns Conmiission and supervise the distribution locally.
Ambassador Winant laid this plan before the President. It was discussed also
with the Minister to Fgypt, Mr. Kirk, nnd with the President’s pliysician,
Admiral MclIntire, who was ex officio a member of the U".S.A. Typhns Com-
mission, The plan was npproved by the President on 24-25 November 1943.

Shortly after the end of the (airo ('onference, nrrungements were made
by Headquarters of the Commixsion in Washington with OLILA nnd the Re-
quirements and Supply Branch, Burenu of Supplies, FEA\, to carry out this
policy. The controlled free distribution of typhus vaccine to Middle East
conntries began early in Decemnber 1943, and after n final supply had been given
to French Morocco and Algeria, it was terminated on 1 Angust 1945, It is
estimted thnt approxinmtely 20 million ml, of typhns vaceine was distribnted
under this system.

North African-Mediterranean Theater of Operations

After the landings in French Morocco and Algeria on 7-8 November 1942,
U.S, Army troops were engaged, with little respite, in major combat for the
next. 15 months, occasionally in the midst of the most severe epidemics of typhus
that. hind beset the native populations in North Afriea and Italy within the
previous 10 to 20 years. Protected by vaccination and louse powder (at first
MYL, later DDT), American troops fenght throngh this environment of pes-
tilence with little sickness and no deaths from typhus. As shown in tahle 33,
during the period from 19042 1o 1945, there were only 16 cases of typhus and
no deaths from the disease among UV.S. Army personnel in the North African-
Mediterrnnean Theater of Operations. The troop strength was 260000 in
January 1943, 630,000 in October 1943, nnd wns still about 500,000 in Decenther
1944,

From the military point of view, the threat of typhus became alarming
when the Fifth U.S, Army and other units of the Allied Forces entered devas-
tated Naples, on 1 October 1943, withont knowing that they were facing the
beginning of an epidemic of typhns mnong the overcrowded, undernonrished,
louse-infested civilian population swelled by an influx of refugees. This haz-
ard to the military campaign in sonthern Ttaly was overcome promptly by
actions which nre generally regarded as constitnting one of the great trinmphs
of modern preventive medicine,

Before the history of the Naples epidentic is presented, it will he necessary
to summarize important work done, and actions taken, in North Africa and else-
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where from Jannury ta October 1943, This will be in addition to the preceding
acrount of events that ook place in 1'SAFIME.

On 12 Janoary 1943, cantaet was made hy mdiogram between the Field
Hendgnarters of ihe 7.5\, Typhus Commission at Cairo and the Office of the
Chief Snrgeon of 1he 175, Army Forves at Algiers.  The Commission requested
to be kept infornwd of the typhos situntion in the North African theater, It is
to be noted 1hat na official notitieation concerning the Commission, such as
Imel been sent 10 the Connmanding Generalx of ETOUSA and VSAFIME, had
beeu dispatehed by the War Department 1o the Commanding General of the
Mllied Forees in North Africa. NATOI'SA was nat established mntil 3 Feb-
ruary 43, In the interim, command chunnels and comnmnnieation between
Ameriean and British jurisdictions were complicuted and somewhat uncertain,

The I’reventive Medicine Division, Office of the Chief Surgeon, North
African theater, developed a strong typhns control program independently
and chowe the Rockefeller Foundation Health Commission Team, under the
direction of Dr. Soper (p. 119), as its collaborating organization. The Com-
mission was little, if nt all, needed in NATOUSA in this period before Neples.
Until the Naples epidemic appeared to be getting out of hand in Iecember,
the Commission was not ealled in officially.

Un 6 Febiruary, the Oftice of the Chief Surgeon, NATOUSA, informed
the Comuission at (siro that typhus was reaching epidemic proportions in
Algerin.  In rexponre, menbers of the Commission macde extensive surveys in
French Moraevea and Algerin nnd furnished nsefnl information and advice.
1" nfortunately, in May, controversy nrose over the nse of chiemical insecticides
in place of steam disinfestation.  In one of the survey reports, a lack of con-
tidence in MYL had been expressed. This tonched a sore spot and was an
attack upon the preventive medicine policy then developing in favor of the use
of insecticides for the continl of hady lice.  Officers wha had littie or no faith
in MY, such as Gienernl Fox, Colonel Plotz, and Dr. Dyer, were not then
convinesd that it would be safe to discard the old methmds and adopt the new
insecticidal materialx and procednres.  On the other hand, Colonel Stone and
others had increasing confidence in the use of insecticilal {lousicidal) powders.
Thix differeive of opinion wax not settled mutil the clear-cut resnlts obtained
by Dr. Soper and his asociaies beeane known and until the experience at
Naplex had demonsd raterd that lice and an epidemic of typhus canld be hronght
mixler contral by dusting with insecticidal powders—MYL or DDT.

The opportunity for Dr. Soper’s work in North Africa had heen prepared
in Jannary 1343 hy Dr, George K. Strode, Acting Director of the Interuational
{lealth Division of the Rockefeller Foundation. During his visit to Algeria
in the company of Mr. Richard Allen of the American Red Cross, Dr, Strode
made tentative arrsugements through the American Minister, Mr. Robert D.
Murphy, for the admision of 2 Rockefeller Foundation Health Commission
Team to cauduct studies on 1yphns among the nntive population.  The objee-
tive was the stindy of the nse of insecticidal powders for the coutrol of body
lies and typhns fever.  The Mverican Red Cross spansored the stndies which
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had received the approval of the State Depurtinent. When Dr. Soper was
detachied from the U.S.A. Typhus Commission at Cairo on 31 May 1943, hie
moved to Algiers.

At Algiers, Dr. Soper established a relationship with the Oftice of the Sur-
geon, NATOUSA, where Colonel Stone was the Chief Preventive Medicine
Officer. In June 1942, Dr. Soper was joined by three additional staff members
of the Rockefeller Foundation Health Commission Team. The results of their
work were reported currently, and in 1945, the whole was described in a com-
prehensive scientific publication.™

During the period from June to November 1943, the work of Dr. Soper
and his associates included: (1) Intensive studies carried ont at the Maison-
Carrée Prison near Algiers on the relative efficiency of factory-prepared MYL
powder and powders containing DDT prepared with local excipients and ap-
plied by various methods; (2) the extensive ficld application of insecticide to
the general population (male and female) of the town and commune of 1’Arba
in Algeria; and (3) a rapid field test in a prisoner-of-war camp of the new
factory-prepared U.S. Army 10 percent DDT pyrophyllite powder.”

Colonel Stone fonund that the results of this work were so promising by 28
August 1943 that he initiated a regnisition for 10 tons of 10 percent DDT
pcwder.

The powders and dusting implements nsed by Dr. Soper’s gronp were:
Lonse Powders:

Army MYL Insecticidal Powider, QM Item No. 51-1-173.

DDT, mixed and ground with barytes (harinm snlfate) or cement dust.

DDT Army Insecticidal Powder, 10 percent DDT in pyrophyllite.

QM Item No. 51-1-180: Insecticidal Powder Delousing.

Dusters:

Shaker tins.

Agricultura] bellows dusters,

Hand dusters: Hudson Cadet-Major, plunger type.

Hudson Admiral, No. 7655 (highly satisfactory).

Dobbins Superbuilts, No. 133 (highly satisfactory).

Power Dusters:

DeVilbiss Hand Power Sprayer Outfit and Modified Dust Guns, for use
with portable power compressor units.

The most importan’ developments of the work in North Africa were:
“(1) The demonstration, on naturally acquired infestations, that MYL and
DDT are highly efficient pediculicides; (2) the development of the air-blown
application of louse powder without removal of the clothing from the body
of the person being deloused; (3) the demonstration that lousy people will
take the trouble to come to accessible delousing stations to get relief, and (4)
the development of administrative methods for the rapid disinsectization of
both military and civilian populations.”

% Roper, F. L.. Davis, W. A, Markbam, F. 8. Riehl. L. A, and Buck, P.: Louse Powder Studies
In North Africa (1543). Arch, Tust. Pasteur d'Algerie 23: 183228, September 19435,
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The directions for the powdering technique drawn up by Dr. Soper and
his associates on 2 November 1943 were incorporated in Cirenlar Letter No. 43,
Office of the Surgeon, Headquarters, NATOUSA, 11 November 1943, subject :
Typhus Fever Control. This was prepared by Colonel Stone. The statement
of the procedure for insecticidal delousing became a sort of classical exposition
of a portion of the prophylactic toilet of the soldier, and also of civilians. A
snmmary of it follows.

In using the duster, powder should be distributed on the inner surfaces
of inner garments and on the skin itself. The dusting of individnals should
follow a rontine, as follows:

1. Dust inside of the hat, dust the hair, and replace hat on head.

2. With arms extended at shonlder height at the sides, insert delivery tube
np the right and then the left sleeve, and pump powder in between the skin
and inner garment.

3. The delivery tnbe is next inserted nt the back of the neck and a liberal
charge of powder shot down the back.

4. The tube is next inserted inside the clothing from in front and powder
sprayed first on one side, then on the chest and lastly on the other side.

5. The tube is next inserted, after the trousers are loosened, inside the
innermost gnrment and a goxl dose of powder delivered to the crotch and pubic
area. With the tnbe still in contact with the skin, the underclothing is pow-
dered. special attention being paid to the waist and side seams.

6. With the trousers still loose, the tube is inserted down the rear of the
pants next to the skin and powder is shot down over the buttocks and rear of
the crotch.

The positions of dusting are shown in figure 8.

Figure 8 is a reproduction, slightly modified, of a diagram drawn by Maj.
(1ater Lt. Col.) Theodore E. Woodward, MC, when he was training typhus
control personnel in London in 1944, applying information gained in North
Africa. Thisdiagram had an almost worldwide circulation.

The epidemic of typhus at Naples, 1943-44.—While overrunning Sicily
during July and August 1943, the Allied Forces encountered typhus, and
several American soldiers came down with mild attacks of the disease. Ap-
parently, the source of the infection was in Algeria or Tunisia.

When the Fifth U.S. Army and associated personnel entered Naples on 1
October 1943, the existence of typhns there had been indicated only by the
BBC broadcast of 21 September. There appeared to be little to fear. Not a
single case of typhus had been reported from Italy from 1928 until this year.
The last serious outbreak before 1928 had occurred in 1919. A generation of
nonimmunes had grown up, and this was the main reason for anxiety in case
the disease was introduced from some source outside Italy.

Colonel Stone, Chief Preventive Medicine Officer, NATOUSA, had fore-
geen the possibility of an outbreak of typhus in Italy, and as noted above, had
prepared to meet it. In the instance of the outbreak of typhus at Naples, he
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Ficure & —Instructional diagram showing positions for application of louse powder with
hand-operated dust gun to Individual fully ¢lothed.

found the U.S.A. Typhus Commission to be delinquent and criticized it
severely.>
Apparently the disease was introduced into the mainland of Italy in Febru-
ary 1043 when a hospital train from the Russian front brought to Foggia
o Letter, Col. Wilinm 8. Stone, MC, Preventlve Meadicine Officer. Headquarters, Mediterranean

Theater of Operatlonn, ta The Burxeon Genernl, U8, Army. a‘tn: lirlg. Gien. 8. Bayne-Jones, 30 July
1845, subject : Typhus Control, Inclosures (36) thereto.
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Italian soldiers sick with typhus fever. The first cases in Naples were re-
ported in March 1943 in the military hospital. The first civilian case occurred
at Aversa, 8 miles from Naples. Yugoslav and other Balkan prisoners of war
were 2 major source of infection after they were liberated from the Poggioreale
Prison in the industrial area of Naples.

A variable number of cases occurred from April through October. When
a sharp rise took place about 7 November, it was realized that an epidemic was
in the making. On 4 December 1943, Radiogram No. 9634, from Headquarters,
NATOUSA, to the War Department, stated ; “Typhus fever is an actnal threat
to military personne! in occupied Italy at thistime.”

Although Colonel Stone had sized up the situation on his first visit to
Naples early in October 1943 and had regarded an epidemnic of typhus as a
probability, higher American and British authorities in AFH%Q were not con-
vinced that the danger was serious during October and the first half of No-
vember. AMGOT (Allied Military Gavernment of Occupied Territory) and
its related Allied Control Commission with a Iublic Health Subcommission
were not greatly concerned at this time.

Early in December, assistance proffered by the U.S.A. Typhus Commis-
sion was declined, and on 9 Deceniber, the Chief Surgeon, NATOUSA, in radio
message AMSME 1664 to the Field Director of the U.S.A. Typhus Commis-
sion at Cairo, who was about to go to Naples, stated : “Forty-nine civilian cases
of typhus have occurred during November in the Naples ares, but actually the
typhussituation is not critical in Italy.”

Meanwhile, other significant events occurred, among which were:

1. The surrender of Italy—Mussolini resigned on 25 July 1943, and the
Italian Government surrendered on 8 September. Thereafter, the contest
was with the German Army under Field Marshal Albert Kesselring—a bitter
fight lasting until 5 May 1945. The Fifth U.S. Army was faced by a tough
enemy who at Naples added soil for typhus by herding together there thou-
sands of natives and refugees.

2. Acreleration of DDT production in the United States~—For a detailed
account of the problems and accomplishments in the production of DDT in the
United States, the reader is referred to Colonel Hardenbergh’s chapter on
insect and rodent control.®® With a DDT Committee centered in the Preventive
Medicine Service, under the chairmanship of Colonel Lundeberg, The Surgeon
General pressed vigorously for the creation and expansion of manufacturing
facilities for the production of DDT. The American and British demands for
it were enormous for the control of malaria and typhus, and for many other
purposes.  Although production amounted to 40,000 pounds per month in
September 1943 and was expected to reach 115,000 pounds per month by No-
vember, requirements greatly exceeded supply.

DDT was in such short supply in the early fall of 1943 that the War
Department disapproved the urgent requisitions for it that had been placed

» Ree footnnte 20 (2}, p. 190.
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by Colonel Stone through Headquarters, NATOUSA. On 1 December, how-
ever, this point of view was changed by the intermediation of the Director of
the U.S.A. Typhus Commission * and by subsequent messages to The Quarter-
master General from Maj. Gen. Brehon B. Somervell and General Lutes from
Cairo, about 5 December. A large supply of pure DDT and 10 percent DDT
in pyrophyllite powder in 10-pound cans was moved by fast ship and airplane
to Naples late in December. After its arrival there, about 26 December, it
supplanted MYL which had been used for dusting up to that time, with
occasional use of small amounts of DDT.

3. London and British Typhus Commission—The Director of the U.S.A.
Typhus Commission was in London, England, from 9 to 19 November 1943,
conferring with British medical officers and civilians concerned with typhus
control. Together with the Field Director (General Fox) and Major Snyder,
the Director (Colonel Bayne-Jones) attended a meeting of the newly formed
British Typhus Commission. As a consequence of incorrect inferences drawn
by a member of the British Supply Mission in Washington, a plan had been
developed by the British Ministry of Supply for the coinbination of the
British Typhus Commission with the U.S.A. Typhus Commission to form a
Joint Typhus Commission “on a high level.” As neither Commission desired
such an arrangement, the suggestion was not adopted. Relations between the
two Commissions were cordial and mutually helpful.

4. Conference at Algiers—On 20 November 1943, General Fox and Major
Snyder conferred with Colonel Stone and Col. Perrin R. Tong, M(. and
others, at the Office of the Surgeon, Headqunrters. NATOUSA\, at \Algiers.
There are contradictory reports of what transpired at this conference. Ap-
parently, the NATOUSA medical officers presented information about the
typhus situation in Italy and the steps being taken to cope with it. These
were said to have been “approved.” Apparently, the U.S.A. Typhus Com-
mission was not requested to move into the theater and did not offer to do so.

5. The Cairo Conference—~—The developments with respect to the control
of typhus in the Middle East which occurred at the first Cairo Conference
from 22 to 26 November 1943 have been summarized. One aspect calls for
additional emphasis. The President of the United States became directly in-
terested in typhus, and the presence there of the Commanding General, ASF,
and his Assistant Chief of Staff for Operations brought a portion of the high
command of the War Department into contact with the situation and problems
of a developing epidemic that was a threat to military operations. Their
understanding of the extraordinary measures required to combat the outbreak
was thereby enlarged.

The next important move for the control of typhus in southern Italy was
the transfer of the Rockefeller Foundation Health Commission Team from
Algiers to Naples. This was done on the recommendation of Colonel Stone.
Drs. Soper and Davis arrived in Naples on 8 December 1943; Drs. Markham

= Minutes of Conference, Office of the Quartermaster G 1, Washing D.C.. 1 Dee. 1948,
subject : Requisitions Received In New York Port for DDT Louse Powder.
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congultants on 5 Deceniber. After remaining there about a week, they returned
to Cairo and reported that a serious epidemic was in the making and that
further assistance from them was not desired by the Public Health Officer
(British) of AMGOT, Region 111, 15th Army Group.

The epidemic increased gradually during November, rose sharply during
December, and began to decline rapidly at about the end of the year. The
recorded cases of typhus in Naples and its vicinity from July 1943 through
May 1944 numbered 2,009. Of these, 1,403 among civilians in Naples and 500
among civilians outside of Naples, making a total of 1,903, constitute the basic
figures of the epidemic. These together with certain additional cases are
classified in table 35.

TanvLe 35.—Cases of and deaths due lo typhus, by classification, in Naples and vicinily, July
1943 through May 1944

Number Number Caso fatality
Classification of cases of deaths ratio
{percent)

Clvilian cases in Naples______._____ e 1,403 318 22,7
Civilian cases outslde Naples___.. __ . __________ __ 500 82 16. 4
Italian military personnel __._______.________________ 23 3 13.0
Italian civilian prisoners____ . __________.____.______ 37 1 29. 7
Unverified civilian cases_ ... ________________________ 46 15 32.6
Total. . e cceiaooo. 2, 009 429 21.4

Statistics of the distribution of typhus cases among civilians in Naples and
vicinity by weeks, from July 1943 through May 1944, are presented in table 38.
The course of the epidemic is shown in chart 11.

As will be seen by inspection of table 36, the number of cases recorded by
“onset-date” are different from the numbers as reported in the same weeks.
Soper, Davis, Markham, and Riehl,”® from whose publication these data have
been copied, presented the figures both by onset and by report. For their graph
of the epidemic, however, and for a number of important correlations and con-
clusions, they used the data of “onset-date.” The date of onset used by them
was about 8 days earlier than the report of the case. The effect of this is to
change the shape of the epidemic curve and to set the main points on it back
about 8 days. They used the onset data also for computation of “epidemic

potential,” which they define as the period of infectiousnees of a typhus patient.
They state:

In view of the Intermediate churacter of the period of potential transmlission, it was
necessary to make an arbltrary assumption regarding its length, and It was decided to
define this period as one of 18 days following onset unless In the meantime the patlent
had died, or had been dusted or isolated.

® goper, F. L., Davia, W. A,, Markham, F. 8, and Rlehl, L. A: Typhus Fever la 1taly, 1943-43,
and 1t Control With Louse Powder. Am. J. Hyg. 43 : 305-334, May 1947,
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CHART 11.—Conrsc of the cpidemic of typhus in Naplea and vicinity from July 1943 to Mey
1944, using the numbders of casce reported per week
Nusber
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Admitting that there are uncertainties introduced by these arbitrary as-
sumptions, data based on onset-date are useful for retrospective analysis. They
are of little use, however, for day-to-day decisions. Actions must be based upon
reports in the first instance. In a situation as dangerous as the one at Naples,
moves to counter the spread of an epidemic cannot wait upon the slow gathering
of historical details. Actually, actions taken for the control of typhus at Naples
were based upon current reports of cases. “The median date of onset for 1,403
cases in Naples was December 20th and that of reporting January 6th, giving
an average lag of about 8 days. According to the two systems, these were the
dates of the peaks.

The epidemic phase was over by 5-9 February 1944.

The dissase had all the features of classical exanthematic typhus, from
petechial rash to gangrene. The strains of organisms isolated from the blood
of patients were identified as B. prowaseki. The Weil-Felix reactions with
Proteus OX-19 were positive in titers of 1-200 or above, and specific agglu-
tination reactions with suspensions of B. prowazeki wers obtained. The over-
all case fatality rate among civilians in Naples was 226 percent. Mortality
was related to age in the usual manner. Less than 5 percent of those under
12, and over 40 percent of thoee over 40 years of age, died. Although louse-
borne typhus is essentially a contact disease, only 1,089 of the 1,903 patients
came from households having more than one case. This was attributed to the
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TaBLE 36.—Distribution of typhus cases among civilians in Naples and vicinily, by weeks,
July 1943 through May 1944

l Naples Qutside Naples Total
Week ending—
Onset Reported Onget Reported Onset i Reported
1948 : ' ;

July 4 0 0 0 0 0 0
) . 1! 0 0 0 1 0

18, e 2 0 0 0 2 0

b1, 1 3 1 0 2 3

Aug. 1. L = 0 1 0 1 0 2
- S 2 0 2 0 4 0

) 1 SN 3 2 1 1 4 3

22 . I e 1 3 0 2 1 5

20 ... S 4 1 0 0 4 1
Bept. 5 . ... ... .. 5 3 0 0 5 3
) B S 6 8 1 0 7 8

19 8 4 1 0 9 4

26 ... el 1 7 0 2 11 9

Oct. 3 ... ._...... S 8 11 1 0 9 1t
10 e ol 3 8! 0 1 3 )

17 - 8 3. 2 0 10 3

24 . e . 6 6 il 2 7l 8

31 B e 1 6 0 1 1! 7
Nov. 7 ... ........ 9 5 2 0 11 5
14 [ 12 5 3. 24 13 7

21 el 32 12 5 : 37 15

28 s 46 26 6 | 3 52 29

Dee. 5 ... 40 | 42 11 | 7 51 49
12 ... } 64 42 7| ) 71 51

19 .l 129 | 48‘ 8 11 137 50

260 ... 224 ! 115 . vy 4, 245 119

1944 ' | i

Jan. 2 ... 189 199 18 11 207 210
L SN 137 237 23 24 160 261

16, ... 143 | 153 | 35 18 178 171

28 L . . 117 | 116 57 25 174 141

30 . ... 64 130 | 31 63 95 193

Feb. 6 ... .. 43 75 37 32 80 107
13 Sz ... 33 38‘ 35 34 68 72

20 . 16 8| 28 37 " 75

27 e 9 | 20 | 26 24 35 44
Mar. 5 o 10 | 12 | 38 22 48 | 34
12 ... 5| 9 17 42 22 | 51

19 ... ! 1 31 17 32 18 ! 35

2K e 3| 2i 13 | 18 16 i 20

Apr. 2. | 4, 3l 18y 21 20 | 24
1] ok el e Gas 2 4, 9 2 11 | 8

16, ... ... 0 1 10 21 10 22

23 .. 1 l 0 wl 3 11 3

30 ... e 0 2 4 5 4 7
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TaBLE 36.—Distribution of typhus cazes among civilians in Naples and vicinily, by weeks,
July 1943 through May 1944—Continurd

Naples Outside N ‘ Total
Week ending— ap! yutside Naples ! o
Onset ' Reported Onset I Reported | Onset I Reported
i ! '
1944 :
May T Ll o 0 2 n 2 1
O _ 0 0 | 0 3 | 0 3
Al encoonenaaoacomaamos | 0 0 1 | 0 1! 0
28 : 0 0 0 l 3 0 3
Total ... .._........... i 1,403 ‘ 1,408 | 500 ‘

5ool 1,503 { 1. 903

breakup and scattering of families, to failures in reporting, and to the possi-
bility that the application of louse powder to persons in the incubation period
may have prevented the spread of the disease within the family. Chemo-
therapentic studies by the British Typhus Team under Col. C. H. Stuart-
Harris, RAM.C., and Maj. M. van den Ende, R.AM.C,, led to the opinion
that neither benzamine drugs (V-147 and V-186) nor PABA were of any
value in the treatment of typhus.

At the start of the epidemic in October 1943 and well into December, the
guiding and controlling medical anthority with respect to typhus in relation
to U.S. Army troops in Naples and southern Italy was the Office of the Chief
Surgeon, Headquarters, NATOUSA, where Colonel Stone was Chief Preven-
tive Medicine Officer. The activities of his office were coordinated with those
of AFHQ regarding medical, public health, and civil affairs, with AMGOT,
and with the Allied Control Commission.

The Rockefeller Foundation Health Commission Team, transferred from
Algiers to Naples on 8-15 December, attempted at once to institute measures for
the control of the epidemic. This team initiated a program for typhus con-
trol based upon older principles modified by the team’s own development of
the use of louse powder and procedures devised in North Africa. It was able
to start contact delousing with MYL, and some DDT, louse powders on 15
December 1943. It might have been foreseen, however, that a civilian group
could not function effectively in an active zone of military combat. Insur-
mountable and frustrating administrative and logistic difficulties occurred.

An example of hand-operated dusting with louse powder iz shown in
figure 10.

On 20 December 1943, when General Fox, Field Director of the U.S.A.
Typhus Commission arrived in Naples in response to an invitation, an im-
portant conference was held with General Hughes, the British Deputy Com-
mander of NATOUSA, Maj. Gen. Arthur W. Pence, commanding the
Peninsular Base Section, Colonel Stone, and others. Out of this came the
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who was the Pnhlic Health Officer, Allied Omtral Commission, wrote: *

The fight agaltsl 'Le epblemie has been enlled Vv seentd battle of Napbw, und nn-
dmubledly, bad 1t not bheen win, the Atlled canses many well have been serlously endangered.
Tribute mnst be pakl to a1l who took parl in tlee battle—the npmbers of the U8 A, Typhns
Commlission, the Rockefeller Fopndation workers, A MG, and Britlsh 2l Amerban Mel-
bl Rervices personnei, all of whomt worked nuntiringly in full coaperatlon and harmony.

The former Dirvector of the U.S_.\. Typhus Commission, nnthor of this
clmpter, sadly wishes that the kind estinmte of Cabmel Chalke with regavd
to harmanions collabaratim had been true far the Ameriean units and per-
sonnlities. Aeturlly, he has rarely been invelved in o mare troithlesome nnd
acrinnmions enntroversy than the ane that nrase over dispmtes concerning wha
did what and when in the cannternttuck »m typlms at Naples.  This renched
sich a piteh that the British becnme tnvolved in it, snggesting that it might
be advisahle ta nttempt to rench an “internatimal settlement™ of the »mestions,
Ta this end, on 6 Junnary 1944, the Director nf the U".S.\. Typhus Com-
mission obtained npproval for the estnblishment in the Office of the Chief,
Civil Affairs Division, War Department Specinl Staff, of nn ad hoe Comiittee
on Typlns Control Report.?

It was hoped that matters in dispute might be adjndiented by such a
comittee, with a view to the issunnce of n joint American und British report.
The ensning conferences and correspondence bernme guite ax involved ns one
might lmve expected from experience with any attempt to hmrmanize internn-
tional differences tlmt were intensitied hy intranational disagreements. By the
end af Jauary 1946, it was renlized that the attempt was futile, and the
matter of a Joint Naples Typhus Report wis dropped.

Of the significance of the experience at Naples, Colonel Chalke wrote :

Naples taught us that an army can live and work in an »nvercrowded, war-damaged,
typhis-ridden city, provided adequate precanttons are taken ¢ ¢ ¢ It zhowed us the
benefitr of mechanlcal methods of using Insectlcldes nn futty rtothed subjects, and enabled
the enmbersome steam and nt alr disinfestnrs which took up o much transport, to be
dispensed wiih, It also showed beyond guestinn that DT was a new weapan of tremen-
Mous possibilities.

In his foreword to a report of the Allied Cantrol Commisstan far Italy
in 1945, Brig. G. S. Parkinsan, R.AM.C',, Director, Public Health Section,
wrote:

The conclusions to be drawn from the “experiivent” [at Naples) are clearcut and Ines-

capable. It is now possihie to control epldemic 1yphnis even In & large densely populated
and heavlly Infested urban communlly under warttme condlllions.

* Chatke. 11 I),: MIDT.  Experiences of 118 Use Durtng he Mtallan Campalgn. 1'roc. Roy. Boe.
Med. 30 : 163- 188, 1044,

®(1]1 Leller, Brix. Gen. R, Bayne-Janes, Diveclor, I'nliel Sialex of America Typhus Comninalon,
10 Maj. Gen. John H. Hllldring, Director, Clvil Affalrs ivision, War Deparimen), 23 Jan. 1045, subject :
I'roposal for Combdined Anglo-Ameriean Heporl on (he Oulbreak and Conlrol of Typhus Fever n
Napies and Boulbern llaly. 1943-44. (2] Lelter, Brix. Gen. B. Bayne-Jones, (Chalrman, Technlcal
Report Commillee, 1o Steering Commiltee on Combined Reporl on Lhe Quiherak of Typhns Fever tn
Naples and Southern laly. 1143- 44, Combined Clvll ARales Commitier, 8 (1ct. 1043, subjecl : Nlalus
Report and Recommendation.
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The typhus epidemlc at Napies wlif doubtless stand ont as 1 milestone in the fleid of
pubile health and disease control. IHere it was for the first thwe that a major epldemle
of this viclous disease, which characteristically strikes men when they are down, was
not merely curbed but nctunity brought nnder control by the vigorous apptication of de-
ionsing measures. The rigniticance of thix fact for ®* * * the inhabltants of the oid en-
demic centers of typhus is lnestimable. It may be a long time before it can be sald that
typhus has been climinated as a primary pubilc heaith probiem, but that event need no
longer be defayed for want of an efficient means of controlling the dizease.

The statistics of typhus in Naples and vicinity from July 1943 through
May 1944, incInding weekly records of cases by report and by onset, are pre-
sented in table 36. These data, on the basis of reported cases, are shown
graphically in chart 11.

Typhus centrol in the Fifth US. Army.—The Fifth U.S. Army not
only contributed personnel and transport to assist in the counternttnck upon
the typhus epidemic in Naples in 1943—H but also maintained effective typhns
control measures within its own units, The following is quoted from the “His-
tory of the Fifth Army Medical Service, 1945,” page 104 :

‘When Fifth Army troops prepared for the invaxion of Italy In 1943, each soldier had
avalinble n 2-ounce can of “Insecticide Powder for Rody Crawiing Insects,” Troops were
thoroughly famillar with 1ts use and their frequent and free use of the powder, both on
their bodies and in thelr bedding, Indicated Its popularity. Although the powder was
MYL and not DDT, the results obtained from Its frequent use were effectlve. No increase
In body louse infestations among troops was noted.

In November 1043, typhus fever was recognized among clvilians In Naples and an in-
tensive educallonal program rejating to typhus controi was begun In the Fifth Army.
Demonstration teams were organized from the 28th Malaria Control Detachment and meet-
Ings were held with the Divislons at which aii preventive and control measures for body
lice were explalned. Oun 1 Jaunary 1944, a detall of seven enlisted men and one officer
from the 28th Mualaria Control Detachment was sent to Naples to arrange for the dusting
with Insecticide powder of all Army troops on lhelr arrival and departure at the Fifth
Army Rest Comps. With the further increase of cases of typhua fever in Naples, the city
wan Dlaced off-fimits and the rest campe ciosed. The effectivenens of thls program was
shown by a decline In reported body louse cases from 219 In December 1943 to 35 In March
1944, Only one cane of suspected typhus occurred in Fifth Army troops, and this diagno-
sls wis never confirmed.

On 1 October 1944, a new edwational program was Inauguraled and meetings were
axgaln held with ail Divisions and with Army troops. These meetings were attended by
regimental and battalion medical officers and by selected enlisted personnet. Demonstra-
tlons were given of Improved hand dnst gnn methods of spreading DDT powder which was
now avallable for body louse control. An Important part of the lonse control program
was the work of the Quartermaster Rath and Sterilization Detachments, the services of
which were avallable to every uult of the Fifth Army.

This campaign arcinst body lice was »mo succensful that despite the fact that units
were reguired to report cases of lice, from October 1844 through March 1945, oniy 32 canes
of jlce were reported.

At the conclusion of hostilities in May 19435, the Fifth Army Surgeon supervised the
dusting with DDT powder of ail German prisoniern of war and surrendered German troops
held by Fifth Army. The dusting was carried out by German medical corpsmen tralned
and supervised by Amerlcan Army personnel, and became a routine part of the prisoner.
of-war processing.
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EPIDEMIC TYPHUS IN EUROPEAN REGIONS, 1943—46

The European Theater of Opesations, 194345

In this chapter, the account of preparntions for the control of typhus in
the European Theater of Operations was broken off on 7-8 November 1942 on
the eve of the invasion of North .\Africa. Inviug followed the campaigns nud
nctivities in the Mediterranenn area and in the Mididle East to their terminn-
tions, the narrative now returns, on 1 January 1943, to plans and actions going
forward in England, the great base for mounting the invasion of Europe.

With special respect to epidemic typhus nnd its control, the account of
nctivities in this theater will be concerned prinurily with the mounting of
Operation OVERLORD (the invasion o1 Europe), events following the land
ing in Normnudy on D-day, 6 June 1944, the encounter with typhus in the
Rhineland in 1¢45, the tremendous problems of civil pnblic henlth in relation
to typhus extending well beyond the end of the military phase of the campaign,
the closing of ETOUSA on 1 July 1945, and to the end of April 1946 when the
lust representative of the U.S.A. Typhus Commission was withdrawn from
USFET.

In England in January 1943, Colonel Gordon (p. 198), was building up
his organization to provide the best possible preventive wmedicul service to
ground troops of the U.S. Army in the British Isles. As Colonel Gordon has
written in his historical reports,® from which much of the material for this
section 138 drawn, that there was at this time “scant idea of what the future
held.” Sooen, however, rumors having their origin in the Casublanca Con-
ference on 14 January 1943, when the Combined Chiefs of Staff first decided
that plans should be made for a cross-Channel invnsion in 1944, alerted all wise
planners. It was not until 17 August 1943 that the plans were approved at
the first Quebec Conference. At the second Cairo Conference, 3-7 December
1943, these plans were made more definite when Gen. Dwight D. Eisenhower was
selected as Supreme Allied Commander for Operution OVERLORD. These
decisions had been wisely anticipated by the Preventive Medicine Division of
the European theater and plans had been formulated accordingly.

In January 1943, the strength of U.S. Army troops in the “European Com-
mand” in the British Isles was 120,000. In January 1944, it was 835,000. On
D-day, 6 June 1944, the strength was more than 1.5 million. The U.S. Army
Forces were increased continuously during the victorious advance through
France, Holland, and Germany, reaching a maximum of 3,060,000 in April 1945.
After the surrender of Germany, on 8 May 1945, the strength of ETOUSA

®(1) Gordon, John E.: A History of Preventive Medicing in the European Theater of Operations,
U.B. Army, 194148, vol. I, pt. I, pp. 1-43, and pt. III, pp. 1-54, with tables and illustrations.
[Official record.] (2) Gordon, John E.: Louseborne Typhus Fever in the European Theater of Opera-
tions, U.8. Army, 1945. In Rickettsial Diseases of Man. Washington ;: American Association for the
Advancement of Science, 1948, pp. 16-27,
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and its successor USFET was rapidly reduced through deployment to the
Pacific and demobilization. On 31 December 1945, the strength was down to
666,000 and to 326,000 on 30 June 1946.

During the whole period, as shown in table 33, there were only 10 cases
of epidemic typhus, and no deaths from the disease, among U.S. Army person-
nel in ETOUSA. There were no cases until 1945, when 10 occurred among
troops in the Rhineland where the exposure was relatively intense.

Medical intelligence indicated that typhus was occurring in the German
Reich and would be encountered by U.S. Army Forces when they entered that
country. The disease was introduced from Russia and Poland in 1939. In
1942 and 1943, 2,742 and 3,316 cases were reported, respectively, and it has
been estimated that there were at least 5,058 cases of typhns in Germany during
1943. In the Rhineland, there were 250 cases reported in 1942, and 350 in
1043.

Although epidemic typhus was oecurring among German troops, partic-
ularly on the Eastern front, and among Polish and Russian prisoners of war
in detention camps and at places where they were used as laborers, the chief
incidence of the disease was among civilians—mainly displaced persons and
victims of oppression in the ghastly concentration camps such as Dachau and
Belsen. It was occurring also among German civilians in bombed towns and
cities,

Colonel Gordon has noted :

Typhus spread to aii principai regions of Germany and became epidemic in some areas.
Considering the frequency with which new infectlons were introduced, control measures
would appear to have been good, in that typhus was held to reasonably low leveis. The final
debacle of the war led to conditions marked by disorganization and great shifts of popu-
Iation of such extent that the epidemic potential was extreneiy dangerous when American
troops entered the country.

Although there are no official German records for 1844, it is known that the
incidence of typhus increased significantly in the area later to be known as the
U.S. Occupied Zone of Germany during that year. From January to June
1945, there was a great increase to 16,506 cases, and it was estimated that
approximately 22,000 cases of typhus occurred in the U.S. Occupied Zone of
Germany during the year 1945. Colonel Gordon's graph of these statistics
is reproduced in chart 12, showing the number of reported cases of typhus
fever in Germany and annexed territory by years from January 1939 to June
1945, with the 1945 data liniited to the U.S. Occupied Zone.

During 1943 and the first 5 months of 1944, the typhus control activities
of the Preventive Medicine Division of the Office of the Chief Surgeon,
ETOUSA, and of the U.S.A. Typhus Commission (p. 236) in England were
devoted almost entirely to education, training, development of methods, and
stockpiling of equipment and supplies. The program of the U.S. Army for
typhns control in Europe may be summarized under six major headings derived

716-751"— 64— 17
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CHAERT 12.-—Reported cases of typhus fever in Germany and annezed territory dy years,
Jenuary 1939-June 1945
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Army, 1045, In Rickettsial Discases of Man, Washington: American Asgociation for the Advamee-
ment of Belence, 1948,

from the principles set forth by the Committee of Experts in 1037 (p. 184)
and experience gained at Naples in 194344, as follows:

1. An adequate system of reporting cases of typhus in all population groups
involved, both military and civilian,

2. A system of case finding, providing for prompt discovery of new cases
and newly developing foci of infection.

3. Isolation and hospitalization of patients with typhus fever.

4. Quarantine of highly infected areas or camps, and the institution of a
cordon sanitaire to protect larger districts relatively free from typhus from
infection carried from areas of high endemicity or epidemic prevalence.

5. Delousing of patients, contacts, and at times large groups (in infected
towns and camps) by the use of DDT louse powder. Delousing was regarded
as the core of the typhus control program, “the one reliance above all others.”
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8. Immunization with typhus vaccine of all military personnel, all essential
civilians, and occasionally larger groups of civilians such as inmates of con-
centration camps.

During this preparatory period before the Inndings in Normandy, two
organizational and administrative developments occurred which greatly
strengthened the typhus control activities in ETOUSA. These were:

1. The establishment of a Civil Public Health Division first in Head-
quarters, ETOUSA, and later, in 1943, in the Office of the Chief of Stafl of
the Supreme Allied Commander. Somewhat later, this Civil Public Health
Division was placed under Assistant Chief of Staff, G-5, SHAEF.

2, The establishment of the London Field Headquarters of the United
States of America Typhus Commission in direct relationship with G-5,
SHAEF, on 17 May 1944.

As epidemic typhus was primarily a civilian pestilence which threatened
the military, a summary of some of the arrangements for dealing with civil
affairs is presented at this point to provide a basis for the understanding of
snbsequent actions.

Civil public health in occupied and liberated countries

In early 1940, Colonel Simmons (p. 184) foresaw that problems and activi-
ties of civil public health in relation to military government of occupied and
liberated countries would be vast and complicated if the United States should
become involved in the European war with its inevitable global extension.
He initiated studies and actions that contributed greatly to the development
of the program for civil public health under military jurisdiction overseas,
From the beginning and throughout the war, he was aided especially by Lt. Col.
(later Col.) Ira V. Hiscock, SnC, who from 1941 to 1945 was in effect the rep-
resentative of The Surgeon General on the stafl of Maj. Gen. John H. IHill-
dring, GS, Chief of the Division of Civil Affairs and Military Government, of
the War Department Special Staff. In 1943, Lt. Col. (later Col.) Thomas B.
Turner, MC, as chief of the Civil Public Health Division in the Preventive
Medicine Service, exerted a strong influence on the development of policy and
upon actions. These two former officers who had so much to do with the entire
program are among the chief authors of the volume in this series dealing with
this important part of the history of preventive medicine in World War IL.*

By the end of 1943 in ETOUSA, there were two staff sections known as
(-5 which were concerned with civil affairs and military government for occu-
pied and liberated countries. One was in Headquarters, ETOUSA, and the
other in Headquarters, SHAEF. There was also a British organization for
work in the same field. Although the two Allied organizations worked closely
together, they had to face different tasks in their respective Army zones. Their
stories are different. This section will be concerned almost entirely with the

® Medical Department, United States Army. Preventlve Medicine In World War 1I. Volume
VIIL. Civil Afalrs-Military Government Publle Health Activities. [In preparation.)
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American organization, with special reference to the prevention and control of
typhus.

By the time of the Normandy landings, early in June 1944, several reorga-
nizations had taken place in arrangements for civil affairs. The Civil Affairs
Division of G-5, SHAEF, had been given comprehensive jurisdiction. The
Public Health Branch of this Division became especially important in relation
to typhns control. Although Maj. Gen. Albert W. Kenner was the Chief Med-
ica] Officer of SHAEF, he was not as much concerned with typhus control as
was Maj. Gen. W. F. Draper (Assistant Surgeon General of the U.S. Publie
Iealth Service, on leave) who, on the recommendation of General Simmons
and Colonel Turner, had been appointed Chief of the Public Henlth Branch,
G-5, SHUAEF,on 1 May 1944, Among the members of GGeneral Draper’s staff
were (Col. William L. Wilson, MC, and Lt. Col. (Iater Col.) Leonard A. Scheele,
M(', who after the war succeeded Dr. Thomas Parran as Surgeon General of
the 1".8. Public Health Service. Both were expertly informed and had close
relations with the U.S.A. Typhnus Commission.

According to Colonel Gordon: “The control of typhus among civilians of
liberated conntries and among displaced nationals was an accepted and direct
responsibility of G-3 Civil Affairs and Militury Government.,” rior to D-day,
this Braneh was not sufliciently organized or trained to nieet these obligations.
Training in typhus control was provided by the Preventive Medicine Division
of the Office of the Chief Surgeon, ETOUSA, and by the U.N.\. Typhus
Commission,

As the invasion progressed, the Public Health Branch of SIIAEF head-
quarters prepared and issued the technical directions for typhus control among
civilians and assured the provision of adequate supplies. Natnrally, SHAEF
had to delegate responsibility for carrying out typhus control measnres in
many local situations. As Colonel Gordon wrote, after giving credit to various
organizations, including the U.S.A. Typhns Commission: “The innumerable
surgeons of armies, corps, divisions and their staffs were directly concerned
with implementing the program. They did the work of the day. To this
group more than all others fell the respousibility for the necessary measures
upon which satisfactory control depended.” The author of this chapter wishes
that. there were space here to mention them individually.

Establishment of Field Headquarters of the U.S.A. Typhus
Commission in the European Theater of Operations

On 27 December 1942, by letter from The Adjntant General by order of
the Secretary of War, AG 710 (12-26-42) OB-S-E, the Commanding Gen-
eral, ETOUSA, had been notified of the establishment of the U.S.A. Typhus
Commission and was furnished a copy of Executive Order No. 9285 (p. 201).
The tentative plans of the Commission were outlined, including the possihility
of visits to London and other places in the theater at such times as would he
agreeable to the commanding general. While in ETOUSA, the members of
the Commission would be under the control of the commanding general. The
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communication expressed clearly the desires and nuthorizations for theater
support of the Commission with funds, housing, subsistence, labor, technical
assistaice, and transportation.

On 26 February 1944, General Fox and Colonel Turner arrived in London
for consultations with General Hawley, Colonel Whayne, the Assistant Mili-
tary Attaché at the American Embassy, the British medical military author-
ities, the British Typhus Committee, the British Medical Research Council, and
otlier individuals and organizations. As a result of these conferences, the
U.S.A. Typhus Commission was accorded both advisory and certain opera-
tional functions in the European theater.

It was agreeable to General Hawley, Chief Surgeon, ETOUSA, repre-
senting the Commanding General, ETOUSA, that the U.S.A. Typhus Com-
mission should have an office in London, and he did not insist that it shonld be
attached to his office. Before the final decision on its attachment to SHAEF
was reached, however, an interesting and somewhat dclicate episode occurred.
General Fox accepted the cordial invitation of the American Ambassador,
John G. Winant, to honse the Commission in the Ameriran Embassy, and he
asked for War Department approval.’® The Embassy nnd General Fox were
informed by radiogram that there wonld be no objection to acceptance of
quarters and facilities offered by the Embassy, but by direction of the Secretary
of War, the activities of the Commission in the European theater would be
under the jurisdiction of the theater commander and that General Fox
would report through military channels to the Hendquarters of the Commis-
sion in Washington, and not through the American Embassy in London. To
this, the U.S, Military Attaché in London replied that the proposed associa-
tion of the Commission with the American Embassy had been predicated upon
the Commission’s independent responsibility to the Secretary of War and that
placing it under the jurisdiction of the Commanding General, ETOUSA, pre-
cluded formal association with the Embassy.

Finally, the U.S.A. Typhus Commission was attached to the Public Health
Branch, Civil Affairs Division, G-5, SHAEF, in which connection it was a
part of the organization of the theater while maintaining its integrity and
scope as a miscellaneous War Department activity administered through its
own headquarters in Washington and, at this time, by the Office of the Deputy
Chief of Staff of the Army. On 17 May 1944, the Field Headquarters of the

T.S.A. Typhus Commission in Jondon was established at 44 Grosvenor
Square, and later two refrigerated warehouses were acquired for the storage
of typhus vaccine.

(1) Memoranduma, for file and record by Brig. Gen. 8. Bayne-Jones, Director, United States of
Ameriea Typhus Commission, 18-28 Mar. 1944, subject: London Office of Commisaion In Relation
to European Theater of Operatlons and American Embarny. (2) M d Lt. Col. Tom F.
Whayne, MC, Asslstant Military Attaché, American Embasey, London: 1 Grosvenor Square, 13 Mar,
1944, subject : Consultations Concerning the United States of America Typhua Commission and Poblle
Health Section of Civll Affalrs Division During the Recent Vislt to Loudon of Brig. Gen. Leon A. Fox
aad Col. Thomas B. Turner, MC.
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Daring the next 2 yvears, from May 1944 ta May 1946, the U.S.\. Typhus
Connnission was engaged in every major, nnd nny a minar, episode of typhis
control on the continent of Europe, from the French Channel Coast to Berlin,
Ouly a few enn be simmarized here, and this will be done nt the risk of violat-
ing chironalogy and of ni appurent disreganl of the activities of the Preventive
Medicine Division, ETOL'S A, and activities of the medical detachments of
combat nits.

The PPresidential Executive Order No. 9285, establishing the U.S.\. Typhus
Commission wus n powerful instrnment for seenring the means for typhus
control, not only throngh the Commission bnt thrangh other militacy and
civilian agencies with which the Connnission became associnted. Tt was help-
ful to Civil Attans nnd to UNRRA, mnd to British ns well as American
arganizations, It emnliled the Conunission to cooperate with other agencies
in dealing with problems of typhus ninong civiliang, refugees, displiced per-
sons, alul prisoners of wur.  To confirm its statns ta deal with typlins contral
in Eurnpe, the War Department (Marshall to Eisenliower) sent Radiogrmn
No. WAR 28982 to the Commanding General, U.S. Army Forees in the Enro-
penn Thenter of Operations, an 26 April 1944, referring to the ariginnl letter
of notifieation of 27 December 1942, annonncing that General Fax wonld soon
establish an office of the Caimmnission in Landaon, mnd nguin expressing the desire
“that. the Commission be furtiished with nll nevessary suppart. to insnre proper
fimetioning af the Commission nuder Exeentive Order No. 9285 dated 24 De-
cember 19427

Tnmimediately after the establishment of the Fiald Tleadquarters of the
U.S.AL Typlns Commission in London in Muy 1944, it becnme engaged in train-
ing personnel of the British, the Free French, nnd the Netherlnnds Government-
in-exile in the latest methods of typhus control, including lessons learned at
Nnples. This instruction wns directed hy Mnjor Woodwnrd whase dingram
(fig. 8) of the positions of dusting DDT powder with a hand duster became
a one-page manunl nused from Europe to the Far Enst.  Thie hand dusters were
the IIndson nand Adniiral types referred to in the section on the epidemic of
typhus in Naples (p. 217). 1y this time, also, a power duster had been de-
veloped by the Office of the Quortermaster General in collaboration with the
Headquarters of the U.S.A. Typhus Commission in Washington in the spring
and summer of 1944, By September 1944, “the outfit, delonsing, gasoline engine
driven,” QM Item Na. 66-0-800FK, was ready for distribution, A typieal ex-
ample of it is shown in figures 11 and 12. This nmchine, rapidly improvised,
was far from perfect. It failed at times from lack of fuel or power, and the
pyrophyllite in the DDT powder was so abrasive that it scored the bearings,
Nevertheless, it served well in the dusting of thousands of refugees at river
crossings and at railroad stations, and in concentration earmps until the end of
these sad affairs in 1946.

Typhus vaccine,—By an arrangement with the Office of the Chief Sur-
geon, KTOUSA, the U.S.A. Typhns Commission was pmt in charge of all
supplies of typhus vaccine for the theater. On 1 July 1944, Lt, Col. (later
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Col.) Silas B. Hays, MC,™* cut through red tape and tarned over to the Com-
mission in London 100,000 vials, 20 ml. each (2 million ml) of typhus
vaccine, Medical Supply Item No. 1612800. Thereafter, the Commission stock-
piled and issued typhus vaccine to U.S. Army troops, British organizatious,
UNRRA, and other civilian and military units concerned with typhus control
in Europe. Perhaps upward of 20 million ml. of the vaccine was distributed
through this system.

DDT.—The Field Director of the Commission desired to have DDT louse
powder and DDT concentrate placed under control of the U.S.A. Typhus Com-
mission in ETOUSA. Theater authorities did not agree with this. Asa con-
sequence, the 1equirements of the theater and of SHAEF were handled from
their respective offices, with the constant support of the Commission. A notable
exnmple of cooperative effort was the shipment by air of 1,125,000 pounds of
DDT louse powder and 7,200 hand dusters from the United States to England
in September 1944 for use on the Continent. This action followed a visit to
Headquarters, U.S.A. Typhus Commission, in Washington by Colonel Scheele
who persuasively presented the needs of the Public Health Branch, G-5,
SHAEF. The desired supply of DDT louse powder was secured promptly by
the concurring action of Colonel Lundeberg, chairman of The Snrgeon Gen-
eral’s DD'T' Committee, the approval of The Surgeon General, Maj. Gen. Nor-
man T. Kirk, and the authorization by Maj. Glen E. Edgerton, Director of
the International Division, ASF.

Civil Affairs Division antityphus unit.—In the latter half of 1943, the
U.S.A. Typhus Commission in Washington worked with the Supply Division,
Office of The Surgeon General, in consultation with numerous advisers, on
selections of items for a standard unit of materials for typhus control. The
outcome was a “unit” (called CAD (Civil Affairs Division) antityphus unit)
weighing 759 pounds, with a cubage of 36 cubic feet containing typhus vaccine,
syringes, DDT louse powder, dusters, methyl bromide, goggles, protective
clothing, thermometers, lanterns, gloves, and some miscellaneous items,
Thousands of these units were shipped to the European and Mediterranean
theaters, and also to Japan and Korea. In spite of some objections, they were
found to be serviceable.

In discussing the supply situation, Colonel Gordon had pointed out that
demands for antityphus control materials were not urgent until the advance
across the Roer River in February 1945, when the full impact of the disease
became manifest. He wrote: _

By the time supplies were needed, ample quantities {of DDT louse powder] were
avallable on the Continent. From an insignlficant monthly demand for about 3.5 tons
of DDT powder in January 1945 by G-5 of the armies, the requirements jnmped to approxi-
mately 150 tons by the following April 1! * » =, The problems of supply just presented

related only to Intra-theater effort and concern. Particular commendsation ls due the
Service of Preventive Mediclue In the Office of The Surgeon General and the Director

T Colonel Hays later became The Surgron General of the U8, Army and served in that capacity
from 1 June 1855 to 31 May 1939
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of the U.8.A. Typhux Comuiission in Washingion for the diligence and effort excreived
at the source of suppiy, which made possibie foug ln advance of need the huge slockplies
acemnnlaled in 1he I'nlted Kingdom, One of the most satisfactory featurex of Iyphas
control ag {1 developed In Germany was that never in 1he course of operations did a
shortage of dusilng powder exist,

Prisoners of war.—The Commission assisted in the vaccination and de-
lousing of prisoners of war taken by Americun forees, nnd attempted to get
antityphus materials to American prisoners of war held by the Germans.
Althongh the ussistance of the International Red Cross was solicited, the effort
to furnish these materinls for U.S. natiomuls imprisoned in war camps in
Germany failed.

Scientific investigations.—Members of the U.S.A. Typhns Commission
milized every possible opportunity ta make scientific investigations of typhus
in various sitnations in Enrope. Strains of the rickettsial organism, all of which
proved to be 2. prowazeki, were collected and sent to the Army Medical Service
Inboratories in Washington and to laboratories in England. Serum specimens
were collected and distributed to varions laboratories. Chemotherapentic and
clinical stndies were cnrried ont under distressing and diffienlt conditions at the
German concentration eamps, after they had been eaptnred by U.S. troops,

Personnel.—Thus far, a number of nnmes have been mentioned to me-
morinlize those on the staffs of ETOUSA nnd SHAEF who served the canse
of typhus control. Later, some of the officers in the combat nnits will be listed.
At this point, it seems appropriate to record the names of several men who
carried forward the work of the U.S.A. Typhus Commission in the European
theater. These were ("ol. Joseph F. Satlusk, Jr., M(*, Execntive Officer, 26 July
to 8 November 1944; Lt. Col. David M. Greeley, MC, Executive Officer, 8
November 1944 to 26 April 1946 and the special consnltants, Major Woodward,
Major Snyder, and Capt. (later Maj.) William A. Davis, MC, who was Typhus
Liaison Officer with the British 21 Army Group. These officers had the shock
and burden of dealing with typhns in the ghastly German concentration camps.
Maj. George Zinnemann, MAC, handled supplies and transportation nnder
incredibly difficult conditions,

Epidemic Typhus in the European Theater, 194446

As there were only 10 cases of typhns fever and no deaths from the disense
among U.S. Army troops in the Enropean theater during the years 1942 to
1945, the problems were not. those of loss of effectiveness and care of the sick.
They were problems of the maintenince of the highest possible standards antl
practice of preventive medicine, to be judged hy the resulting minimizing or
absence of trouble rather than by the curbing of some holocaust of disense.
They were matters of preventive medicine not only among the military forces
but also among millions of refugees and displaced persons, German civilians
in the Rhineland and Tnner Reich, German prisoners of war, and civil and
political prisoners in the German concentration camps. After the fall of
Germany in May 1945, these activities were extended to the American and
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British Zones of Occupied Germany, to parts of Austria, and to parts of
Poland, notably Warsaw. Typhus was an ominous overhanging threat. It
was held back by measures of preventive medicine applied throngh all trudi-
tional military channels and also throngh the new agencies of Civil Affairs and
Military Government, and some new civilian agencies such as UNRRA.

France

The 230 cases of epidemic typhus reported in France in 1942 occurred
mainly in the prisons of Marseille. In 1943, unly 4 cases occurred in the
civilian population in France, and only 12 cases in this group in 1544. In addi-
tion, outbreaks of typhus are reported to have ocenrred in camps of foreign
labor drafted hy the Germans—®61 cases near Metz and 250 cases among Russian
(Todt) laborers in the Cherbourg area in the period from Junuary to Jnly,
1944.2 These gave rise to disturbing rumors when the invading force learned
abont them in June 1944, but there were no authenticated cases of typhns in
France at this time. None occurred until about a year later when at the camp
for refugees and returning nationals at La Conrtine, in late Fehruary 1945,
several cases of typhns occurred. Maj. Lucien Brumpt of the French Army
and representatives of the U.S.A. Typhus Commission instituted adequate
control measures here.

Belgium, Luxembourg, and Holland

No cases of typhus occurred from I)-day through 1944, but as a precau-
tionary measure, refugees returning to their homes, foreign Todt workers left
behind by the retreating (iermans, and political prisoners in local jails were
deloused. As the advance progressed and more portions of these countries
were liberated, an increasing number of refngees and displaced persons, louse-
infested, returned to their homelands. They hrought typhus with them., For
example, from March to June 1945, 136 cases were reported in Belgium and 49
in the Netherlands. Ry 1945, effective procedures for handling displaced per-
sons were in operation, and typhus did not spread in these areas.

The Rhineland

The mutton-leg-shaped area, bordered on the east by the Rhine River
fromn Switzerland to the North Sea, on the south by France, and on the west
by Luxembourg, IBelgium, and Holland, constituted a natursal division of Ger-
many, according to the political situation in 1944. This was called “the Rhine-
Jand.” Its capture in order to aline the Allied armies along the length of the
Rhine preparatory to the assault upon the heart of Germany was a major ob-
jective of the campaign. Assoon as the Battle of the Bulge ended in the Allied
victory in the Ardennes in January 1945, moves were made toward the assanlt
on the Rhine. In doing so, contact was made for the first time with epidemic
typhus in western Europe in an area which had been free from the disease for
many years,

7 Epidemiol. Inform. Bull, United Nations Rellef and Rehsbliitation Administration, Health
Division 1 (No. 7) : 296, 310, 322, April 1945,

716-751"—64——18
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Sunimmarizing Colonel Gordoun's report and using minch of his langunge
with only oceasionnl quotntion mnrks, the following is nn neconnt of the rise
and snppression of the epidemic in the Rhineland :

Aachen,—Typhus wns first reported in the Rhineland by the 10th Medical
Laboratory, which was then nssigned to the First U.S. Army. Several Italian
conscript Inborers trmveling from Holland to Aachen had fallen inio the hands
of the Niuth U.S. Army. Fonr were at that time convalescent from an illness
snrmised to be typhus. The serological dingnosis wns made at the Laborntory.
The onset of the symptomws npparently dated from 15 February 1945,

Miinchen-Gladbach.—On 5 March 1945, the Ninth U.S. Army discoversd
five cnses of typhus in the city of Miinchen-Gladbach. Immediately there-
after, it was found that the labor camps in the vicinity nnd a considerable aren
of the region, as well as the ¢ity, were involved. The epidemic had started in
Neuss in November 1944, Of 183 cases reported, 75 were found by American
troops. Russian and Polish laborers were principally affected.  Fifteen native
Germars contracted the disease by caring for the patients.

Cologne.—At abont the suine time in March 1945, an epidemic of typhns
was uncovered in Cologne and its vicinity by medical personnel of the First
U.S. Army and the Cologne Military Government detachment. A total of
109 cases occurred in Cologne up to 1 June 1945. They were scattered throngh-
ont the city, air raid shelters, and prisons.

Hermillheim.—As this is such a neat exnmple of an explosive ontbreak
promptly quenched, Colonel Gordon’s account of it is quoted:

A group of 16 Ukralnian lnborers, bolh men and women, left Cologne in the early
dayx of the American occupation. They stopped for 2 days in Hermillhelm, population
1,00,  During the 2 nighis they remained In the village, they slept In an ailr rald shelter
which cared for the residents of two streetn of the town. lermflilhelin had previousy

been free from typhus fover. The Ukrainians went thejr way, but sulmequently two were
seet: In Aachen with typical typhux fever infection.

During the 2 days immediately preceding 24 March 19405, 30 German resldents of
the tuwn developed typhus fever. Al had ured fhe air rald bunker In which the Ukeainlans
had slept,

When Hermiilhelm was visited that evening, the Blirgermeister and his health officer
bhad already Institated qrarantine. The following morning the entire viilage was deloused
by dusting, and vacclnated. In the course of the following week, 1he number of denwn-
straied cases Increased to J8. No secondary case occurred after the accepted incubation
prriod. The outbreak and the control measures employed demonstrated clearly the poten-
tlalitien associated whh the introduction of typhus into a susceptible civlllan community,
and the resuits to be expected from prompt inauguration of modern control methods.

The Rhine Province, Saarland, and Palatinate.—In this region of terri-
tory contiguous to Germany west of the Rhine, abont 400 cases of typhus had
occurred in the weeks immediately preceding the entry of American troope.
The seeding was heavy and the potentiality of spread was imminent. The
following vivid description is quoted from Colonel Gordon’s report :

The whole rrea methed wiith forelgn peoples, conscript laborers muving this way

and that and In all direciionxs, hoping to reach thelr homex, in search of food, seeking
shelter. Mont of the (yphiux was whhin this group and they carried the dineane wilh
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them.  Ther moved along the highways and in country fanes—now a dozen Roumanians
miliing a cart icaded with thele remainlug befongings; here a fittie band of Frenchmen
warking thelr way towanl France, there some Netherlanders, or perhaps Beigians; and
everywhere, the varied nasionaiities of the East—Ukralnians, Poles, Cxechs, and Russlans,
They moved mnostly on foot, haited, then gathered In great camps of sometimes 13,000
or more, exlemporised, of primitive sanftation, crowded, and with ali too littie sense of
vriier or cleanlinews.

Thene were the people where 1yphur predominated, more than haif a milliou of them
In 1he fithineland, weariei with war, undernourished, pooriy ciothed, and long Inured
1o sanilary umnderprivifege and fow level hyglene, Add to this shifting popuiation the
hondreds of releaned polllical prisovers, often heavily infected with typhus but happiiy
far fewer In numbers: the German refugeex, first moving ahead of our troops, and then
ANIng buck to thelr homes through the American lines. Rarely, )Mf ever, has a situation
existed 8o conducive to the spread of typhux,

Typhux fever in a stanle population ix bad enoagh, It has demonstrated its poten-
tlalltles In both war and pence. The Rhlueland in thowe days of March 1945 could
meirecly be helieved by thasce who raw it—It ix beyond the appreciation of those who did
not. tt waa Wild Wert, the horden of Genghix Kahn., the Klondlke gold rush, and
Napoieon's retrenl from Moscow all rolled up into one. Surlt was the typhus problem
in the Rhinelanid.

BBy incessant activities of “typhns teams™ and medical and sanitary per-
sonnel of military units and Civil Affairs groups having adequate supplies
and nsing methods whose worth had been proved at Naples (case finding,
isolation of cases, contact and group delousing with DDT powder, and some
vaccination), the umin centers of infection at Miinchen-Gladbach and Cologne
were hiought mder control during March. Thereafter, cases in other parts
of the Rhineland were held to relatively low figures. “May ended with the
disesse virtually absent.”

During the peried from March to June 1945, a total of 693 cases were
repoted in the Rhineland. There were 22 fresh outbreaks of the disease in-
volving 31 villages, towns, or cities. Although the resident native population
was abont 7,500,000 as conpured with about 500,000 displaced persons, about
two-thirds of the casex, some 400, were among the latter. Infestation with
liee was much more frequent among the displaced persons group than in the
native population. Living quarters of the displaced were more crowded and
unsanitary.

Among IR8 patients abont whom sufficient information was available, 61
were known to have died of typhus, giving a case fatality rate of 15.7 percent.
The (asc fatality rate of native Germans was 35 percent while it was 3 percent
among the displaced persons who were largely of Eastern Enropean origin.

The Inner Reich.—For the purpose of his analysis and report, Colonel
Gordon defined the Inner Reich as that part of Germany east of the Rhine
and nortir of Switzerland which “fell under the influence of the U.S. Army.”
It included not only & major part of Germany, but the westernmost part of
Czechoslovakia and the greater part of Austria.

Tire move inio this region began on 7 March 1945 when the 9th Armored
Division and the Firt U.S. Army seized the Ludendorfl railroad bridge at
Remagen und established a bridgehead on the east bank of the Rhine. The
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niassive assault across the Rhine began on 24 March, with the British 21 Army
Group (Canadian First Army and British Second Army) on the north, with
next in line from north te sonth, the Ninth U.S. Army, the First U.S. Army,
the Third U.S. Army, the Seventh U.S. Army, and finally the French 1st
Army opposite Strasbourg. As noted by Colonel Gordon: “All found typhus
fever: the British scarcely any, the Ninth some, the First and Third a great
denl, while in the south the Seventh U.S,, and the 1st French Armies again
encountered relatively little.” Many cases of typhns fever were found in the
cities, towns, and villages along the east bank of the Rhine, as in Diisseldorf,
Miilheim, and Duisburg. There were also many rumors of cases which set in
motion additional preventive medicine activities,

Soon after the crossing of the river, n westward reflux of displaced per-
sons, refugees, prisoners, and others began, This movement called for special
arrnngements for control at the crossings.

The first large-scale measure of control was the establishment of a cordon
samitaire (or “sanitary border”) extending from the political boundary of
Switzerland and the Rhine River along the conrse of that river to the junc-
tion of the Rhine and Waal Rivers and thence along the Waal to the North
Sea. All existing and future crossings were designated as either ports of
entry or guard stations, and all civilians and liberated prisoners of war travel-
ing from east to west would be deloused at these ports of entry before entering
the cordon sanitaire. These arrangements were ordered by Headquarters,
SHAEF, on 31 March 1945, and were implemented by a directive issued by
Ie: iynarters, ETOUSA, on 12 April. Before this, however, the armies had
established delonsing stations at the crossings in their respective sectors. Colo-
nel Gordon has pointed ont that the original plans for such a cordon sani-
taire were drawn up in his Preventive Medicine Division, ETOUSA, in 1943.
On 27 March, General Fox formally recommended a similar establishment.
There were many claimants for the distinction of having initiated this protective
netion. As a matter of fact, the action was obvions and the idea was an old
one, frequently refurbished. It had been quite clearly presented, for example,
in the report of the Committee of Experts in 1937 (p. 184). Continuing to
quote from Colonel Gordon’s article:

Delonring stations at ports of entry were located near bridges, usuaily in a displaced
persons center. Military police permitted civillans and iiverated prisoners of war to cross
oaly if their idcntification papers had the necessary endorsement showing recent disinfesta-

tion. Delouring stations were maintained at entraining points for civilians moving across
the Rhine, hy rail, and simiiar provision existed for air travel.

The typhus epidemic in the Inner Reich was no orderly developing process, but a
sharp increase to epidemic proportions and a progressive but more sowiy onlered deciine,
The cares reported in a given week represented not so mnch the progression of the disease
as the progression of the armies. The more territory that wns uncovered, the greater was
the number of reported cases ®* * *. Reporting of typhus fever during the advance through
Inner Germany proper was even more disorganized and irreguiar than It had been in the
Rhineland ¢ * ¢, Not untii iate May and early Jnne, not untii the last great concentra-
tion camp came under American control, did weekiy reports ol typhns give indication of
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1be true course of 1he epidemic—and that course was one of satisfactory and progrexsive
improvement.

The epidemic of typhus in the Inner Reich, or American occupied terri-
tory of UGermany, lasted about 3 months, from the lust week of March to the
end of June 1945. During this period, a total of about 15,800 cases was re-
ported from 518 localities in the environment of troops. Of these cases, approx-
imately 8,800 occurred in 292 new localities and approximately 7,000 in 226
old localities. The epidemic was definitely over by the end of June. It is
remarkable evidence of the residual effect of strongly applied military pre-
ventive medicine, or of some mysterious biologicn] process, that the disease had
remained suppressed in this region. There were only 32 cases reported in
August 1945, “Subsequent events showed that typlns in Germany had been
brought under complete control, for during the winter of 1945—46, no more
than a rensonunble endemic incidence prevailed.”

The German concentraiion camps in the Inner Reich.—This is not the
place to recapitnlute descriptions which others hnve published about the hor-
rors of the Gernmn concentration camps for politicnl and Jewish prisoners,
Perhaps figure 13 will be sufficient to indicate the conditions in which typhus
was rife, as observed by Major Davis,

The purpose of this brief section is to recor that typhus was epidemic
in these camps and spread from them to the surrounding areas when the snr-
viving inmates were able to escape. They carried typhus nnd lice with thein.
The strenuous application of modern methods of typhus control, chiefly de-
lousing with DDT powder and some vaccination, checked the disease in about
2 weeks. In addition, clinical care by members of the U.S.A. Typhus Com-
mission heiped to save some lives by applying knowledge gained at Cairo, by
relieving water starvation, and by providing adequate protein content in the
diet. Chemotherapentic studies, particnlarly those in which PABA was used,
produced little of benefit.”

The chief concentration camps uncovered by the American and British
Armies during April and early May 1945 were Belsen, Buchenwald, Dachan,
Flossenbiirg, and Mauthausen. There were others in addition. “All had
hundreds of cases of typhus fever and sometimes thousands.” Notes on two
of these concentration cainps, Belsen and Dachau, will be presented to illns-
trate problems of typhus control in such situations.

Belsen.—To quote from the report by Major Duvis,” who was the T".S.A.
Typhus Commission linison officer with the British 21 Army Gronp:

The concentration camp at Beisen (in the Province of Hanover) Germany, was taken

by the Breldsah Becond Army on 10 Aprif 1945. Its inhabitants, of whom ghont 61,000 were
stiff fiving, were suffering from starvation, typhus, dysentery, tubercuiosis, and other dis-

7(11 Reporl. A. Yeomana, D). H. Clemen), C. J. D, Zarafonetls, R. A. Phlllips, and 3. C. Knyder,
to lhe Director of the 1'nlted Statex of America Typhux Commisnlon, July 1045, subject : Activitles
of the United Rtates of Amerlica Typhus Commission al Dacbay Concentrution Camp, 10 May to 10 June
1945. (2) Yeomansa., A.: Progress In Rickelisial Disease Therapy, With Special Reference to Para-
amlnobenioic Achil. Lanc~t 67: 60-63, Fehruary 1947,

" Davix, W. A.: Typhus a]l Belren. I. Control of the 7 yphus Epidemle. Am. J. Hyg. 40 06-83,
July 1947.
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June, The mmuber of patients who died was 311, nnd the case fatnlity rite
was BL3" Reference lins been nude alvendy to elinieal nud chiemotherapeutic
stndies made at Dachan by wembers of the stafl of the U.S.A, Typhus Conm-
wission,  Mecording to Colonel Gordon, this ontliveak of typhus at Dachan
was “most ditlienlt to control and the most serions i its epudemiologic portent.”

Liaison with British 21 Army Group

In necordance with a plan developed by General Fox and approved hy the
Public Health Branch, (: 5, SHAEF, for utilization of members of the staff
of the US.A, Typhus Commission as *typhus consultants,” Captnin Davis
(p. 240) was detailed first. to SILAEF on 27 November 194 and immediately
therenfter ordered to the Headquarters, British 21 Army Group, as a linison
officer. This Army gronp was composed of the Canadian First Avwy and the
British Second Avmy, and had as its sector u vast aren of northwest Europe.
Ou 25 November, Captain Davis reported to Col, W, 1L Crichton, R.ADNLC,,
Senior Civil A ifaivs Officer, Public Henlth, Hendquarters, British 21 Army
Gronp, in Brussels. It was not nutil 4 Angnst 1945, nfter 9 months of helpfnl
service, that he left this ussocintion nd returned to the Field Headguarters
of the USAL Typlin: Commission nt Paris,

The unusunl status of the US.A. Typhus Commission as n miscellaneons
activity of the War Departwent, acting nnder a PPresidentinl Executive order,
utade possible nmny unnsual armoagements in the field of military preveutive
medicine among the Allied Forees,  This linison urraugement with the British
21 Army Group is an excellent exnmple of xuch a bonudnry-crossing intrrna-
tional relntiousliip thvongh which serviees of great valne were rendered—nnd
by n junior officer,

Some iden of the scope of the activities of this linison officer is given by
the following list of captious from his final report : ™

1. Approisal of preblens and fornmlntion of plans of action hased npon
inspeetions nud visits in the British and Canadian Army arens and contnets
with Belgian aud Notherlands authoritivs (28 November to 15 December).

2. Obtnining supplies nnd training personnel for typhus control (16 De-
cember 1944 to 21 Felirunry 1945), meantinme continuing inspection trips.

3. Appraisal of typhus coutrol programs of the Belginn nud Netherlands
Governmeuts.

4. Typhus control work when the disease appeared in the Army nren and
at. the Rhine erossings (22 Februnry to 18 April).

5. Combating typhus in the German concentration camps, notably Belsen,
and also in Smnlbostel, Nenstndt, nnd Denmark (19 April to 3 June 1945).

. Finol stages of bringing typhus under coutrol (3 June to 4 Angust
1945).

% Report, Maj. W. A, Davin, MC, for the Director, U'nited Riaten of America Typhur Comminslon,
1 Oct. 11745, subject : 1'nlied Binles of America Typhus Commission Llalson Wilh Yhe British 23
Army Groups, 28 Nov. 1044 to 4 Aug. 1948,
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7. Formulation of programs for the future in the British Enclave.
The report of Major Davis, dated 1 October 1945, concludes in part as
follows:

The aim of this program, as slaled eariler, has been to completely eliminate typbhus
from the British area. To keep all responsible parties aware of this and know the
principles of the program aiready in effect, 8 memorandum for distribution from Briga.
dler Kennedy's office was prepared on 26 July (1945). There is every reason to believe
that, with supplles adequate, personnei now trained, typhus nearly extincet in the srea,
and lhe defeat of the Nazi reglme which bad created concentration camps, complete
victory over typhus iles within onr grasp.

As a concluding summary of this portion of the experience, again state-
ments by Colonel Gordon are quoted:

Under any interpretation of governing circumstances, much credit must be given to
the efficiency of recentiy developed methods of typhus control, and to the cooperative
effort of army agencles which arsured they were executed sallsfactorlly. The valne of
delousing through dusting witih DDT, and the usefniness of typhus vaccine were 1ried and
tested on a scale greater than ever before and under conditions epldemiologically more
conducive to extensive and contlnued spread of the disease. The results attained in the
Naples enldemlc were confirmed and extended.

The pre-epldemic planning was the result of Integrated action by at ieast four agencies,
the Office of the Chlef SBurgeon, ETO, the G-} I"ublic Health Sectlon of S8HAEF and s
lower echelong, the Office of the Surgeon of 12th Army Group and the United States of
Amrrica Typhns Commisslon.

No single factor contributed more lo the satisfactory end of the onthreak (in the
Rhineland and Inner Reich) than that never in the course of the epldemic were the
fundamenti] snppiles of DDT powder and vaccine lacking. Occaslonal difficuities arose
in local dis*ribntlon, but the snpply system was snch and the stockpiles so great that they
were promptly remedled.

U.S. Forces, European Theater, 1945-46

Soon after the surrender of Germany on 8 May 1945 (V-E Day), exten-
sive reorganizetions of commands and cominunications zones began to take place
to couvert the objectives of combat into the management of an occupation.
Thess changes had relatively little effect upon the basic programs for the pre-
vention and ccntrol of typhus fever. The well-tested principles and the les-
sons iearned during the previous 2 years were readily carried over into the
less strenuous preventive medicine practices of occupation troops and into
the control measures to be applied among the civilian population in concert
with the performance of units of Civil Affairs and Military Government of
occupied territories. There is no need to record the actions and events in
detsil since by this time they were on all levels a repetition of intelligent and
well-drilled arrangements and procedures.

In place of SHAEF and ETOUSA, a new command, designated USFET
(U.S. Forces, European Theater) was established on 1 Juiy 1045, with its
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nmin hendgnarters at Frunkfurt, Germany. General Kenner became Theater
Chief Snrgeon, Chief Medical Inspector of all U.S. troops and installations
in USKFET, and also Chief Surgeon, TRFET (Theater Service Forces, Euro-
pean Theater). 1lisx preventive medicine officer was Col. Tom F. Whayne,
M. At unbont the same time, the Office of Military Govermnent. for Germany
(U.8.) pleced Maj. Gen. Morrison C. Stayer, formerly Chief Snrgeon,
MTOUSA, in charge of its Pnblic Health and Welfare Branch with its chief
oflice nt Frankfurt and a snmll forward echelon in Berkin. The U.S.A,
Typhns Commission functioned in relationships with all of these orgaui-
zations, but had especially close relatious with General Stayer's office.

On 7 September 1945, the Connnission moved its Field Ieadquarters from
Paris to Frankfurt, settling down finally in nn office building at Ilichst, n few
niiles away. This office under Colonel Greeley ns Exeentive Officer was main-
tained in this location until it was closed on 22 April 1946,

Under the supervision of Colonel Whuyne and the preventive medicine
officers with troops, the regular nieasures for the prevention of infestation with
lice and immnnization against typhns were rigorously enforced among the
American ocenpying armies. There were no cases of epidemic typhns mnong
U.S. Army personnel during this period.

Only a few cnses of epidemic typhus ocenrred among the civilian popu-
lation of occupied Germany after the middle of 1945, and louse infestation
was small. Perhaps the rain of DDT lonse powder that had been sprinkled
over millions of persons was the reason for this result. The U.S.A. Typhus
Commission was one of several agencies that maintained a constant alert on
typhus nnd assisted in making sure that there were ample snpplies of DDT,
dusters, and vaccine available at all times. For instance, the Commission as-
sisted in making the estimate that the nonmilitary requirements for DDT louse
powder for the U.3. Zone in Gennany for 1946 should provide 375 tons of
poveder—sufficient for 12 million dustings.

The Executive Officer of the Commission (Colonel Greeley) served as one
of the chief advisers to the U.S. Military Government of the Berlin District
with respect to typhus control. At this time, a progran: for typhus control
among the citizens und inhabitants of Berlin was being considered. Colonel
Grecley worked in consultation with American, British, French, and Russian
representatives and with the Chief I{ealth Officer of Berlin whase Hauptge-
sundhcitsamt (Health Department) had stations in all Vermvaltungsbezirken
(administrative districts). The program proposed by Colonel Greeley was
adopted without chauge and was issued in English, French, and German as
a public health directive for Berlin,

Between September 1945 and Arril 1948, Colonel Greeley visited Stock-
holm, Sweden; Oslo, Norway; Copenhagen, Denmark; Prague, Czechoslo-
vakia; and Vienna, Austria, in the cause of promoting modern methods of
typhus control. A brief account of his extensive work in Poland follows.
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Poland.—.Although no U.S. Army troops were stationed in Poland during
World War 11 or immedintely theveafter, the Medical Department and re!ated
orgmizations of the Army were concerned with the prevention nnd control of
epidemic typhus fever in that country from at lenst as early as the middle of
1944 to the closing of USFET in 194G. This concern was the natural con-
sequence of the Army s responsibilities for civil public heaith nffairs in libernted
countries. 1t arose also from the necessity for taking precautious to prevent
the spread of typhus from the historicnlly epidemic region of Poluand into areas
of western Europe which were occupied by the U.S. Ay in concert with
Allied Forces, Furthermore, typhus control in ’oland was required to obviate
burdens that might fall upon occupying forces elsewhere as a resnlt of the
movement of millions of refugees, displaced persons, and German prisoners
of war from Russia through Poland to parts of Germany occupied by the
Allies.

During the war, there had been hundreds of thousands of cuses of typhus
in Poland. From 1944 onward, however, the incidence decreased, and there
was less infestation with lice. Nevertheless, in devastated Poland, the threat
of an epidemic of typhus caused considerable anxiety.

As early as October 1944, in anticipation of the liberation of Poland by
Russia, a number of moves toward typhus control were started in the United
States. There were inquiries as to conditions, needs, and means for dealing
with the situation. While these activities were centered at headquarters of
UNRRA in Washington, D.C., the Office of The Surgeon General, the Supply
and Preventive Medicine Divisions of the Office of The Surgeon General, and
the U.S.A. Typhus Commission became concerned with the making of plans
and with provision of supplies. Large numbers of CAD antityphus units,
large quantities of DDT louse powder and hundreds of dust guns (hand and
power types), quantities of typhus vaccine, and miscellaneous supplies were
allocated to UNRRA for use in Poland. The UNRRA Mission entered Po-
land in April 1945 and was constantly assisted by these Army agencies.

In Germany, General Stayer, Chief Surgeon, U.S. Group Control Council,
at Frankfurt, was kept informed by the theater preventive medicine officer,
Colonel Whayne, and by Colonel Greeley, Executive Officer of the Field Head-
quarters of the U.S.A. Typhus Commission, the office of which had been
opened at Frankfurt on 27 November 1945, At the request of General Stayer,
Colonel Greeley was sent on several extensive trips through Poland and
Czechoslovakia. In Poland, Colonel Greeley assisted greatly in improving
the distribution of DDT louse powder and typhus vaccine. He gave instruc-
tions and conducted demonstrations of individusl- and mass-delousing pro-
cedures according to the latest methods, using DDT louse powder applied
to persons fully clothed.

A lnrge amount of additional political, medical, and scientific material
relative to typhus in Poland is in the files of the U.S.A. Typhus Commission.
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TYPHUS IN THE NORTHEASTERN MEDITERRANEAN AREA—
GREECE AND YUGOSLAVIA, 19M4-45

Greece

Althongh Greeee in 1914 was antside the “sphere of interest™ of the
United Stutes and wis unt inelinded in the aren of MESC mntil 1945, the threat
of epidenmic typhns an that eastern thak of the Allied Farces compelled the
United States to participate to a limited exteat in nntityphus netivities in thng
aumtry. s g mntter aof fact, plianing far sieh pacticipation began in Cairo
as ently as Mieeh 1944 theoagh confeceacrs hot ween medienl oflieres nt the Beit-
ish Military Hendgnarters ( Bulkans and Greeee), the Offier of the Chiel Sar-
geon, USAFIME, the Field Hendyuarters wf the US.A, Typlns Commis-
stowg and loeal representutives of UNRRA, The Oflice of the Chief Surgeon,
MTOUSA, mder Genernl Stayer, where Calanel Stane wns Preventive Medi-
eime Oflicer, lmd fimn] loend jurisdivtion vver Nevienn militney medienl work
in Greeee after its liberation,  The eigngrment of these loeal headquarters
and units in combuting typhus inooninternntionnl nrena invalved in turn
their nmin offices in Washingtan, sueh as the Office of The Surgeos Gen-
eral, the Hvadiputers of the USAL Typlus Canaaission, UNRRA, FEA,
the Amerienn Red Cross, and, of course, nll upproprinte higher depmrt-
mental offices.  The chareteristic pattern of coaperntion noidst compdexities
was cepeated in the case of the preventinn nnd cuntrol ut {yplhns in Greeee.

11 the latter puet 1:f Septber 1944, Greece wis liberated fran the ntra-
cions Gerann ocenpation by Beitish Farers landed in the Athens-Pimens aren
mder Lt Gen. Rolind Muckenzie Seohie, Commamler of Allied Operatious in
Greece.  Almost immedintely, the ¢ivil wine between the Rightists ( Royalists)
and the National Liberation Fraut (Cownmuists), knowa as KAM, with its
gnertilla ELAS, beenine inteusified.  This grently inerensed the diflienlties and
dungers af all aperations, inclmling the making of epideiaiologion] sarveys
and the initintion of a typhas control progrmm,

With the npproval of Gienernl Stayer, Capt. (Inter Mnj.) Chris J, D,
Znrafanetis, MC, of the statl of the Field Ueadqunrters of the VLS. Typlas
Connaission nt Ciiro was attavhed on teniparary duty statns to Militury Head-
qunrters ((ireece). e nrrived in Athens an 10 December 1944, Becanse «f
the street fighting in the city nnd raids in the emmtey, it wius it possilde to
earry aut snreveys for typhns at the stnrt.  There were mnny diflienlties in se-
cnring nud distrilinting supplies.  Far example, a shijaent of Thnlson dnsters
turned ont ta e composed of the tay models knawn ns “cockroach rhinsers.”
Shipments of DDT and tyjdins vaccine went to the wrong ports or were lost in
trmisit. By strenmans work, lmwever, Captnin Zarafouetis, as the chief ndviser
an matters af typhus rantrol, was nhile to orgnnize cammittees ta work in val-
lnbartinn with the revived Ministry of Hygiene to faormulate ™ ad coranence
mmlum. Capd, O J, 10, Zaratonelln, MO, Pablle Health Degartnend, Neadquarters, M.
(Greecel, CM.F, lo Brig. Gen. leon A, Fox, Ficeld Director, Unfled Stalen of Amerles Typhus

Comminslon, Medlesl Necllon, Nendgouariers, UK. Army Forces 1o the Middle Eanl, 1K Dee. 1844,
nubjecl : Typhux Kllunilon In Greece,
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a program for typhus control among civilinns in spite of the obstacles of dirt
and degradation. By the time of his departure on 23 February 1945, improve-
ments were progressing, safeguards had been strengthened, nnd sufficient anti-
typhus snpplies were passing into Greece.

While in Greece, Captain Zarafonetis established an important scientific
relationship with Dr. J. Caminopetros, Director of the Institut Pasteur
Héllenique in Athens. Valuable information and sera and rickettsial strains
from both epidemic and murine typhus were obtained from the Institute and
sent to Washington for study. Dr. Caminopetros supplied also a specimen
of blood containing his “virus of Balkan grippe.” The micro-organism in
this specimen was identified by the Commission on Acute Respiratory Diseases,
Army Epidemiological Board, as the rickettsinl agent of Q fever (Rickettsia
burneti).’" Since its isolation, this strain hias been used for important experi-
niental work in the Army.

Yugoslavia

The history of typhus during World War II in Serbia, Croatia, and the
combined countries finally called Yugoslavin, deserves n separate volume. It
cannot be presented adequately without accounts of the fight against the Nazis,
the civil war within the region, the distressing socinl, economic, and sanitary
conditions, the sturdy moral fiber of the brave people, the influence of leaders
(notably Josip I3roz who became Marshal Tito and Head of the Government),
the strategic plans of the Allies, and the pull and haul of conflicting interna-
tional interests which to some degree became Balkanized by contact with the
traditionally inharmonious relationships in the area. It is to be recalled that
a route for invading Allied Forces through this region was regarded for
awhile as the way to “the soft underbelly of the Axis,” preferable to some
to the route through Italy. All these matters of high policy, as well as in-
numerable details of the operations of medical and military units, influenced
the planning and actions taken for the prevention and control of tvphus in
Yugoslavia.

Obviously, there is no room for such an account in this volume. Further-
more, some feel that as there were no U.S. Army troops in Yugoslavia, there
is little reason to devote much space to the subject. The author accepts that
point of view and will reduce the mass of records to a minimal mention.*

77 Commlsslon on Acute Resplratery DI ., Army Epldemiologxical Board. ldentification and
Characteristics of the Balksa Grippe Straln of Rickettsia durmeti. Am, 1. Hyg. 44: 110-122,
July 19486.

™ Full documentatlon and many reports sbont typbus ln Yngoslavia daring World War II are
In the flles of the U.8.A. Typbua Commission, The Historical Unit, Army Medleal Service. Special
reference In made to the following folders and reporta: (1) See U.N.A, Typhua Commission files—
Balkans 1—12 Mar—-@ Sept. 1044 : Balkana 11—8 Aux. 1944-24 May 1945, (2) See U.S.A. Typhos
Commisslon fles—Yugosiavia—=Heries of Twelve Reports by Lt. Col. E, 8. Murray, MC, to Brig. Gen.
Teon A, Fox, Field Director, U.8.A. Typhus Commlasion, for the period January 1043 to 13 July 1048,
(3) See U.8.A. Typhus Commission flles, Field lleadqnarters, Typhua Commliralon, Headquarters, U.8.
Army Forces lu the Middle East, Calre, Kxypt, 104348. (4) Masuscript volame (137 pp.) eatitled
*“Yugoslavia,” by Capt. A. J. Warlag, MC, member of the ataff of the Headqoarters, U.S8.A. Typhus
Commisslon, Washington, D.C., hilstorical report written during the first quarter of 1948,
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As the most devastating epidemic of typhnus in modern times had started
in Serbia in 1915, and as typhus continued to occur in the Balkans, the
region of Yugoslavia was of special interest to the U.S.A. Typhus Com-
mission. The Commission, a3 well as The Surgeon General and many other
Army medical officers, was well aware of the danger that typhus might.
spread from the Balkans to other Mediterranean areas. In fact, this did
occur. Although there were no Allied troops in Yugoslavia, typhus com-
ing from that country jeopardized the military operations of the Fifth U.S.
Army and other Allied Forces in sonthern Italy in 1943—4. One source of
the ontbreak of typhus in Naples in October 1943 was the gronp of Serbian
prisoners of war who had been confined in the Poggioreale Prison near that
city. The continued influx of refugees from the Balkans into Italy maintained
the threat of typhus.

Starting in 1943, attempts were made i,y the U.S.A. Typhus Commission
to obtain permission from the War Department to place a typhns control
team in Yugoslavia. These attempts were blocked repeatedly at the level
of the General Stafl for reasons that were not clear at the time to the med-
ically motivated members of the Commission. Later, it became apparent that
Yugoslavia was primarily in the British-Russian sphere of interest and that
the United States should stay out. This is illustrated by the following no-
tation by Sir Winston S. Churchill ™ in his record of the Moscow Conference
of 9-11 Qctober 1944 :

The moment was apt for business, so I said [to Stalin]: “Let na settle about onr
affairs In the Balkans. Yonr armies are in Rnmania and Bulgaria. We have interests,
mirsions, and agents there. Don't let us get at cross-purposes in small ways. So far
as Britain and Russia are concerned, how would it do for you to have 90 percent pre-
dominance In Rumania, and for us to have 90 percent say in Greece, and go 50-30 about
Yugosiavia?”’

Stalin agreed. This “50-50” arrangement between Britain and Russia,
leaving out the United States, explains why it took so long to get clearance
for General Fox and members of the staff of the Commission to go into Yugo-
slavia to help the people there to initinte modern methods of typhus control.

Fina!l authorization for participation of the Commission in typhus con-
trol in the Balkans was contained in Radiogram No. WARX 81526, 14 August
1944, from the Combined Chiefs of Staff, Combined Civil Affairs Committee,
Operations Division. This authorization by no means solved all of the prob-
lems and difficulties, most of which arose from a misconception of the meaning
of the attachment of the Conimission to the British Military Headquarters
{Balkans) and from jurisdictional conflicts between the medical establishment
at AFHQ and Headquarters, MTOUSA, at Caserta, Italy, and the US.A,
Typhus Commission in its capacity as an activity of the War Department.
In the end, these were settled amicably enough.

22,";(.‘hm'ehlll. Winston K.: Trlumph and Tragedy. Boston: Houghton Mifin Company, 1958,
p. o
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After negotintions with a number of representatives of the Yugoslav
Govermment in London, General Fox, Field Director of the U.S.A. Typhus
Commission, mer. Marsha!l Tito at Belgrade on 13 Jannary 1945. These two
men understood each other at once, and the Marshal gave an approval that was
never changed for work by the Commission on typhus centrol in Yugoslavia.

The work was carried forward vigorously with DDT, dust guns, and
vaccine flown in by Generul Fox. The people were eager to learn the new
methods, were readily trained, and soon organized their own typhus control
units. Beneficial sanitary and scientific results were obtained, and collnborative
research with American investigators has continued for the past 12 years.
The Commission’s team was withdrawn from Yugoslavia about 16 June 1945,

It is regretted that space is not available for tributes to the individuals
who accomplished so0 much under difficult conditions. It is fitting, however,
to record here that one of the group, Lt. Stafford M. Wheeler, MC, USNR, was
killed when a landmine exploded under the U.S.A. Typhus Comniission jeep
on the road near the village of Zenica, northwest of Sarajevo, on 13 April 1945.

Rumania

In December 1944,” reporis were received through the State Department
that 30,000 cuses of epidemic typhus had occurred in Moldavia and in various
places in Rumania. This precented a new threat to the Allied military oper-
ations, particularly to Russian Forces then moving through Rumania into
Hungary. The situation was of concern to the U.S. Military Mission at
Buchaiest, to General Stayer, Chief Surgeon of MTOUSA at Caserta,
Italy, and to the Field Headquarters of the U.S.A. ‘1 yphus Commission at
Cairo. The services of the Commission under General Fox were requested
for assistance in organizing typlus control in Rumanis in collaboration with
the Russians. The Commission provided instructions and helped to make
antityphus supplies available, but no member of its staff entered Rumania.
Finally, the chief assistance was rendered by UNRRA from January to June
1945,

Russia

Several folders in the files of the U.S.A. Typhus Commission contain the
evidence of the considerable exchange of information about epidemic typhus
fever that passed between various British, American, and Russian organizations
and individuals. This was somewhat one sided as far as the United States
was cuncerned, and little new information was furnished by the Russians about
the prevalence of typhus or about its control in the Soviet Union. The gen-
ersl tenor of their reports was that typhus did not present a serious problem.
However, the Russians were glad to receive small samples of DDT at first
followed by large amounts later, and they accepted supplies of Cox-type typhus

™ For reports and corrospondence regarding typhua Ir Rumania, ses the files of the Unlted States
of America Typhus Commlision on deposit (n The Hintorical Unit, Army Medical Service.
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vaccine. T veturn, they snpplied sera and some straing of Rickettsive. The
Russinns declined ta permit representatives of the US.A. Typhis Commission
to visit Russia. On the aother lmnd, the Cammission in collaboration with
the Internationai Ifenhli Division of the Rockefeller Foundation bronght to
this country for n visit histing 4+ manths the distinguished Russinn virologists
Dr. Muntol A, Smorodintses and Dr. Vulentine 1. Soloviev. They came from
Moscow by way of Chiro and were in the United States from March to June
1944,

EPIDEMIC TYPHUS IN U.S. ARMY FORCES, PACIFIC—-JAPAN
AND KOREA, 1945-46

In al! nmjor respects, the experience of the Army with epidemic lonse.
borme typhus in the Far East was similar to its contest with the disense in
North Africa, Ituly, aned Envope. By the applicatian of the well-known prin-
ciples and procednres which had been proved to be effective in NATOUSA
and ETOUSA, excellent prevention nnd cantral of typhns nwong military
personnel were achieved in USAFPAC (U8, Arny Forces, Pacific). The
general ocenrreince of the disease umong the civilinn popnlations of Japan
nnd Koren, aud its rise 10 a severe epidemic in Jupum, created environmental
dangers for the troops stutioned in the midst of the ulmost incredible migra-
tions, distress, and Jisorganization of the Japunese people.

As in the other theaters of operations, there were only a few niild cases of
typhus nmong the troops while there were thansands of cases nmong the uative
civilians. Hence, the control nctivities were directed prinarily aguinst civil
conditions. In earrying out this work, hawever, the military and their asso-
cinted medical nnits bare the burden of the task. The main types of the
participating organizations were the snme ns those engnged on the other side
of the world. The chief differences were in the composition nnd org.nization
of the 1.8, Army Forees, the characters of some of the commanding person-
alities, and the fact that the war was over when combat of the disease had to
be undertaken by a military force whase objective was the demilitarization and
orcupation of the country of a defeated eneny.

An individuality of these antityphns activities developed naturally from
the pecnliarities of their Asintic setting. It is regretted that the voluminous
records must be reduced to such a bare summary in this chapter that their flavor
will be largely lost.

The U.S. Arniy Forees, Pacific, made its first contact with epidemic
lonseborne typhus in Japan and Korea as soon as the occupation hbegan on 5
Septemiber 1945. The Eighith U.S. Army, ocenpying the northern half of the
island of Honshn, moved into an area witich hiad been infected by Korean slave
Iaborers who had escaped from the coal mines on lokkaido in August and
carried their lice and typhus Rickettsia with them. The Sixth U.S. Army,
ocenpying the southern half of Vionshn, was less exposed to the disease during
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the lax1 months of 1945 hefore it was inactivated at the end of the year. The
XXIV Corps nmde contnet with typhus in Korea when its advance party
Innded at Jinsen on 8 September 1945,

These forces were not unprepared to cope with epideniic typhus nlthough
they lmd not been exposed to it during their previous ecnmpaigns from New
Guinen through the Philippives, from 1943 t the middle of 1945, nor were
U.S. Army personnel exposed to typhus during the Okinawa campaign from 1
April to 22 June 1945, The soldiers hnd been immunized with improved
typhus vaceine, were well supplied with DDT louse powder, were instructed
in personnl hygiene and wurned agninst risks, and were freo from lice.

Japan

Planning for the invasion of Japnn (Operntion OLYMPIC), intensified
in July 1945, included provision for defense against epidemic typhus. Medical
and military headquarters and all npproprinte nnits in Washington nnd Manila
gave careful consideration to methods, means, snpplies, and policies for the
prevention nud control of typhns, not only among invading troops bt also
among the Jnpnnese and Korean people. Even before June 1945, thonght
hnd been given in the (i-1 (1’ersonnel) Section of USAFPOA (U.S. Army
Forces. Pacific Ocean A reas) to the possible needs of Civil Affairs and Military
Government for antityphins supplies for use in Japan and Korea, in preparation
for the time when civil affnirs plhinning would be taken up by USAFPAC in
Manila.

To present the full acconut, the period to be covered by this section mnst
L extended to 1 July 1946. The main sonrces to be utilized are listed in the
footnote

During the perind from 1 June 1945 to 1 July 1946, the principal U.S. mili-
tary and Jupanese civilian orgarizations that were concerned with typhus con-
trol in USAFPAC, with special reference to Japan, together with brief
indications of their activities, were as follows:

L U8 army:

a. Eighth U.S. Army.—In July 1945, the Army Surgeon, Brig. Gen.
George W. Rice, recognized that typhus would constitute a definite hazard,
not only te troops bt particularly to civilians, He made plans for using his

ety Anuinl Report, Rurgeon. Eighth T".R. Army, 1046, (2) Publle Health and Welfure in Japan.
Genreral Llendguarters, Sup: ( der for the Allled Powers, Public Health and Welfare RBection.
(A tistorical background and presnrrender stalus of health and welfare In Japan, In additlon to a
fuctun) review of the progress made from the beginalng of the pation through 31 Dee. 1948,
lurluded thereln an an Annex (In two partn) Ix a Provisional Summary of Health Statisties for 1948
(ancs and chartn) und a Summary of Historlenl Health Data (1ables) for Japan covering 1he period
100-1945. prepar=] under the directlon of Col. Crawford F. Rams, MC, Chlef, Public Health and
Welfare Hectloa (RCAP).] (3) Beuville, A. 1).: Epldemic Typhua Fever In Japan and Korea. In
Rickettsia]l Diseases of Man. Warnhington: Ameriean Assoclation for the Advancement of Seience,
194X, ppp. 28-3L,  (4) Flles of Jhe Unlted States of America Typhua Commisslon on deposit In The
Mictorical I'nlt, Army Medleal Service, Including: Report of U.8. Army Forcex in the Pacifie, Fleld
Heuaduarters, 1'.8_A. Typhun Commission, by Maj. T. ©. Berge, 8nC, Maj. F. K. Blanton, Sn(‘, Maj.
P. W. Chorpenning, MAC, Int Lt. M. C. Oephardt, MC, Maj. A. B. KBeoville, MC, and Lt. {0l C, M.
Wheeler, 30C, 268 May 1848,
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malaria control imits for typhus control, to supply medicnl officers for this pwr-
pose, to train persornel, und to acquire supplies of 1yphus vaceine and DDT
lonse powder. These plans were effectively curried out in Japan in accord-
ance with thnt part of the medical mission of the Eighth U.5. Anny which was
to provide and supervise n preventive medicine program for the occupation
forces.

b. General Headquarters, U5, Army Forces, Pacific.—In June 1943,
the Chief Surgeon, Brig. Gen. Guy B. Denit, and his chief preventive medicine
officer, Col. Maurice G, Pincoffs, MC, at their office in Manila, had to deal
with vast problems of public henlth in the Philippines while preparing for
the medical suppoit of the invasion of Japan. Throughout the next, 12 months,
close linison was maintained with Preventive Medicine Service, Office of The
Surgeon General, and with Headquarters, 17.8..\. Typlns Commission at Wach-
ington. Shortly after the surrender of Japan, the Office of the Chief Surgeon
moved from Muniln to Tokyo with General Headquarters, USAFPAC (Ad-
vanced), in the latter part of Augnst 1945. This office became an important
coordinating center for typhus control in the Far East.

¢. The U.S.A. Typhus Commiswion—With the approvnl of the War
Department and the theater of operations, in June 1945, n Field Headqnar-
ters of the .S.A. Typhus Commission was established in USAFPAC. Col.
Joseph F. Sadusk, MC, as Executive Officer, arrived in Manila on 28 June
1945, organized the office as an attachment to the Office of the Chief Surgeon,
General ITeadquarters, USAFPAC, and later moved this Field Headquarters
to Tokyso, still attached to General Headquarters, USAFPAC, Advanced
Eclelon of the Office of the Chief Surgeon. The Commission’s office was
opened in the Dai Ichi Building in Tokyo, Japnn, on 2 October 1843, where
it remained until it was closed on 15 May 1946.

The status of the Commission ns 1 Wnr Department activity authorized
by the Presidential Executive Order No. 9281 had been established in the nsual
way by notification radiced to the commanding general of the theater
(USAFPAC), with request for logistical support.** The Field Headquarters
of the (omumission in USAFPAC functioned much as did the Field Head-
quarters n other theaters of operations, except that the personnel wa: more than
customarily engaged in direct activities of typhus control.

In addition to participating in and supervising typhus control activities
thronghout Japan, the members of the Commission’s staff helped to establish
policy, drafted circular letters about typhus,** trained American and Japanese
personne! in modern methods of delousing and typhus control, gave lectures
to Japanese pToups, prepared estiniates of needs for supplies, facilitated ship-
ments of supplies, and conducted scientific investigations. The Commission

% Radlogram No. WAR 33023, signed WARCGSE, Operativne DRiviglon, War Departinent General
E£cafl, to Commander In Chief, Army Forces Pacific Command, Manlls, L, dated 21 Aug. 1945,

*(1) Circular No. 32, Genera: Headquarters, U.8, Arniy Forces, Pacific, 2 Aug. 1945, subject;
Immunization. (2) Cirelar No. 78, General Headquarters, U,B. Army Forces, Pacifie, 26 Bept. 19435,
srbject: Immunisation. (3) Clrcular Letter No. 40, Office of the Chilef Surgeon, General Headquarters.
U.8. Army Forces, Paclfic, 12 Nov. 1945, subject : Louse-Borre Typhus.
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collaborated to the limit with all agencies concerned with the prevention and
contrcl of typhus fever.

d. Public Health and Welfare Section, General Ileadquarters, SCAP
(Supreme (ommander for the Allied Powers).—~In General Headquarters,
USAFPAC, General Order No. 224, dated 4 October 1945, the discontinuance
of the Military Government Section was announced. In General Headquar-
ters, SCAD, General Order No. 1, duted 2 October 1943, the establishinent of a
“General IHeadquarters of the Supreme Conmnder for the Allied Powers”
was annoumeed by General MncArthur. 'There followed a series of General
Orders of which No. 7 estnblished the Public Health and Welfare Section,
SCAP. Colonel Sains was assigned chief of this Section and hecame the chief
health officer of .Jupan. While the Field ITeadqurrters of the U1.S.A. Typhus
Conmmissicn remained attached to the Office of the Chief Surgeon, General

{eadquarters, USAFP.AC, it had constant, cordial, and fruitful collnborative
relationsiiips with the Public Ilealth and Welfare Section of SCAP.

2. Japanese organizations:

a. Ministry of IHealth and Welfare—“Prior to the termination of the
war,” according to Colonel Sams® “snch health and welfare activities as existed
in Jupnu were primitive in nature nnd ineffective in practice. A Ministry of
Henlth and Welfare was established in 1938 * ® *, Within the prefecinral or
state organizations, health sections were in mest instances under police control.
On the local level, such health and sanitation activities as existed were carried
ont hy the police and the neighborhood associations * * *. Health Centers
had been established in 1930, but these were primarily advisory clinics for
tuberculosis and child hygiene. These Centers had neither the organization,
staff, nor nuthority to earry ont pnblic health functions as considered necessary
in a modern public health program.”

b. G'overnment Institute of Infectious Discases.—Good relations were
established between the U.S.A. Typhus Commission and this Japanese scien-
tific institute. Through this connection, both before and after the 406th Medi-
cal Gereral Laboratory was set up, serological snrveys were conducted, strains
of Rickettsiae were identified, and the production of typhus vaccine in Japan
was encouraged.

¢. Industrial plants—Collaboration with the Nippon Soda Co., and
similar firms, led to the independent prodnction of DDT and manufacture of
DDT louse powder in Japan in 1946,

From this point on, conditions and antityphus activities will be described
without a close appraisal of the work and contributions of the various orgs-
nizations and individuals just mentioned. It was a genninely collaborative
nndertaking and will be treated as such.

The epidemic of 1945-46

Although the risk of typhus in Japan had not been minimized during
the planning period, its extent had been misjndged and its effect was com-

™ Ree footnote 81(2), p. 287.
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pounded by some mistukes, The extreme disorganizution of civil nffuirs in
Japan, the hordes of displaced, repatriated, and wiandering people moving
abont 1lie comntry nnd pouring in from Koren, und the ek of supplies ocen-
sioned by theater policy, conflicting orders, and vaguries of shipments had
not been nuticipated.  Typlms got ont of hand and the most severe epidemice
of the disense in n half century nmong the Jupunese people occurred in the
winter of 1945 and spring of 146, Although this ontbreak had not been
anticipnied, it was suppressed so prompily that the achieveent constituted
another trinmph of modern militury preventive medicine ranking with the
exploit of Naples.

Before the American ocenpation, the reporting of enses of typhns in
Jupan was unsutisfactory beennse botl epidemic wnd mrine, and sometimes
tsutsngunmshi disense (sernb typbus), were inclnded nnder the single nume of
“typhns.”  The statisties nre 10 be considered us npproximate indientors of
trends, nithough the 31000 nnd more cases in 1946 ure to be regurded ns pre-
dominnnily epidemie lonsehorne typhns.  The statisties, for what they are
worth, for the yenrs 194148 uze presented in tuble 37, nnd shown graphieally
for the yenrs 194146 in ¢lnrt 13,

TanLe 37.— Reported cases of typhus fever group in Japan, 1941-48

| Approrlinate rates Apgrorimale cuse
Yeur Reported cumes ! prer 100,00 Deaths slali(y ratio
| populngion (eveent !
14 e e e iieeemeeaaa- 42 m 21 50
) R 20 D] K ¥ N I
L R R SN 1,319 2 160 12
LT 2 3, 871 ] 0 15
WG L L. 2, 426 3 246 14
WG Lo 41 2, 8m 9
gy oo o 1,064 1! 195 18
W8 ol 420 1 25 6
§ Lass then 0.5,

fource: Pullic ealth snd Welare In Japan, A feport by Col, Crawiord ¥, 8ams, MC, Chief, Public lealth and
Welkare Bection, (lenerul Headrjuarters, XCA P (Rupreme (‘ommander for (he Allied Powers), Tokye, 31 Dec. 148,
(Moi{{fied by subtraction of cuses und desths from tsatsugamushl disease (scruh typhus) and hy recsiculation of rates.!

The predisposing conlitions were those of the traditional lackground of
a typhns epidemic. There was a serioux shortage of housing due to the cessa-
tion of milding during the war and the destruction of dwellings by bombiug.
Many persans were homelers.  One-family homes beeame many-family shel-
ter<. The housing shortage and the shortupes of forx] were aggravated by 1he
postwur influx of thonsands of repatriates returning to Japan from Koren,
Manchnrin, China, and the Philippines.  Thousands who had moved 10 the
countryside to nvoid bombiugs were returning to the overcrowded cities, The
trrnsportalion systemy were overtnxed. Tins, snbwnys, streetears, and buses
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CHART 13.—Occurrcuce of typhus in Jupan from Janwary 1941 to May 1946, showing the
adrupt risc and fall of the scvere epidcmic 1with approximatcly 30,000 reported cascs from
Dcoembder 1945 to May 1946

Number
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1,000
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wero 50 crowded that lice and lonse feces conld be transferred ensily from per-
son to person. Persomnl cleanliness was well-nigh impossible because of lack
of soap and bathing facilities. Lousiness incrensed. There were millions of
migrants, including typhus-infested people from Hokkaido and other places,
coming into the repatriation ports. The Japanese public health departments
were incapable of coping with the sitnation. Physicians and civilians gen-
erally were apathetic regarding public health nnd epidemic control. .Anti-
typhus sapplies were inadequate.

During th first week in November 1945, 150 cases of typlns fever were
reported from the islnnd of Hokkaido amd a few sporadic cases in northern
Honshu probably attribulable to infected Korean conl miners who had escaped
from the mines at Yibari during Augusi 1945. Extensive delousing with
DDT and the adrainistration of typhus vaccine brought this outbreak nnder
control gnickly, and spread of the disease was prevented by quarnntine of
Yubari.

During December 1945, outbreaks of epidemic typhus began to ocenr in
three widely separated areas of Japan: namely, Yamagata, Ozaka, and Tokyo.

In Yamagata Prefecture in north-central Honshu, typhus fever occurred
in some of its mountain villages among Japanese recently repatriated from
Korea. Delousing and other control measnres, incinding quarantine, cut. the
onthreak short and prevented the spread of the disease to other areas of Jupan.

The outbreak in Osaka originated in one of the city jails in mid-Jannary
1946. The case was not reported for 21, weeks. Following the release of this
man ard his fellow prisoners, widespread dissemination of lice and infection
took place. Ineffective focal delonsing was used at first, but as the number
of eases increased, maas delonsing was added to contact and zonal delonsing.
The ontbreak reached a peak of 1,300 cases reported in the first week in March
1946 Thereafter, it decrensed rapidly. Before control was estnblished, how-
ever, typhns spread from Osaka to other portions of Japan, especially to the
neighboring cities of Kobe, Kyito, and Nagoya. The disease spread also from
Qsaka 10 Tokyo and then to Nagusaki in southern Kyuslim s to Aomori in
northern Honshu, An outbreak of typhus fever in Yokohaina undoubtedly
originated in Tokyo, as did a sinall outbreak in Nikko.

The graphs of the epidemics of typhus in Osaka and Tokyo in 1946 are
shown in chart 14.

Antityphus supplies, which had been hell up by conflicting theater orderx,
began to arrive in good quantities in Janoary 1946, as the result of the inter-
vention of the US.A. Typhus Commission. Teams of American military
pervonnel and Japanese civilians were organised and trainad by the staff of
the U.S.A. Typhus Commission and other organizations. A modern control
program was enforced vigorously in the infected cities, areas, and at 10 main
ports through which more than 2 million repatriates were processed. The
control measures were estentially the same as those that lmd been applied
successfully in Naples and in the Rhineland. It is not necessury to describe
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CHArT 14.—Reporied cascs of typhus in the outbreaks of epidemic

ty.hue at Osaka and Tokyo, Japan, January—-May 1946

Number
1,400
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-

then: agnin here. Some variations occurred naturally to suit the local situa-
tionsin Japan,

‘The epidemic reached a peak of approximately 2,450 cases reported in the
week ending 6 April 1948, when a total of 15,335 cases had been reported since
the first week in January. Thereafter, with some ups and downs, the epidemic
Jeclined, and was regarded as being definitely under control by the early part
of Mny. This was about a month earlier than might have been anticipated
irom ihe usual seasonal decline of typhus in Japan. Although the available
statistics are neither complete nor reconcilable, it is reasonable to estimate that
abont 20,000 cases were reported during the period from November 1945 to
30 Junre 1946, and that the total number of cases of typhus reported among
Japancse civilians for the year 1946 was 31,110, as stated by Colonel Sams.

Clinical, epidemiological, and laboratory studies, including isolation of &.
prowaseki from the blood of patients, and positive results of specific rickettsial
complement fixation reaction proved that the epidemic of 194546 was classical
Jouseborne typhus fever.

Typhus in military personnel in Japan

The protection of U.S. Aniny personnel aguinst typhus was highly effective
in the niidst of cousiderable exposure. The men were well immunized, louse
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free, provided with DDT louse powder, warned against risks, and kept away
from known foci of infection. During the first 6 months of 1946, when the
disease was epidemic among civilians, only 12 cases of louseborne typhus
were reported in military personnel of the occupation forces. Two more cases
(one of which was that of an officer of the U.S.A. Typhus Commission who con-
tracted the disease from infected dust at Yibari) had their ilinesses in the
continental Uuited States, having been flown from Japan into this country
while they were in the incubation period of the infection. These 14 cnses are
not listed in tnble 33 because they occurred after the close of the statistical
period, 194245, Most of these cases were mild, ns was to have been expected
in vaccinated men. There were no deaths from typhus fever in this group.

Korea

When the advazuce party of the XXIV Corps landed at Jinsen, Korea, on
8 September 1945, it was known that the troops would be exposed to epidemic
typhus. At that time, however, the degree of prevalence of the disease in
either thie whole of the conntry or southern Korea below the 38° parallel of lati-
tnde was not accurately known. While all the usual precautions and protec-
tive measures were tuken fromn the start of the ocenpation, surveys were quickly
gotten mnderway. These snrveys and future control progrums based npon
them were carried out thoroughly by constant collaboration between the Office
of the Surgeon, XXIV Corps, the Public Health and Welfare Section, Gen-
eral Hendquarters, SCAP, and the U.S.A. Typhus Commission. Full infor-
mation on this subject can be found in the documents listed in the footnote.*

The incidence of reported cases of typhus—epidemic incinded with about
20 percent murine typhus—in sonthern Korea by years from 1942 to 30 April
1946 was as follows: 1942, 2385 cases; 1943, 8,050 cases; 1044, 5,145 cnses; 1945,
14,130 cases; and 1946 through 30 April, 3,674 cnses. The approximate
seasonal distribution of these cases is shown in chart 15. There was an annual
rise starting in November reacliing a peak in May, and declining to almost
zero in July.

The situations were nianageable and were well handled in accordance with
the estzblished principles and procedures for typhus control ihat have been
deacribed at lengtlh in antecedent sections of this chapter. They were varied,

% 1) Bee fortnote 81 (1-4), p. 287. (2) Memorandum, Cul. Joseph F. SBadusk, Jr., Executive Of-
cor. 1" N.A. Typhusn Commlsnian, Field Headguarters, Tokyo, for Chief Nurgevs, General Headquarters,
1.8, Army Forces, Pacifie, 27 Oct. 1945, subject: Report on Typhus Survey In Koren. (3) Memeo-
randum, L.t. Col. Charien M. Wheeler, 8a0°, Executlve Oficer, 1'8.A. Typhus Commisnion, for Chief
Surgron, Gearenl Himbunrters, 1°'.8. Army Forees, Pacific (Adv), 26 Dee. 1943, subject: Report of
V.R A Typhas Cummisshun Artivities 1o Koren,  (4) Ersential Techaical Medical Data, 1°.8. Army
Forees. 'acific. for November 1945, dated 13 Jaun. 1144,  (3) Heportn from (fice of the Rurgeen
(Uol. Wililam 1. Willls, M), Headquarters, XXIV Corpe: (1) Quarterty KReport. Surgeon. XXIV
Corpe, USAPWERPAC, 1 (det, 1943-31 Dee. 1048, (2) Report, Col. W. D. Wlilis, MC. Surgeon,
XX1V Corps, to ("hief Rurgeon, 'R, Army Foreen, Pacific. 7 Oct. 1944, nubject : Hintory of Medieal
Activities of AMOM from | Jan. 1146 te | Apr. 146, (3) Annual Report, Surgeont XXIV Corps, 1944,
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CHART 13.—Reported cases of typhuas in Korea, 1942 throxgh April 1946

Number
4,000

2,000

1942 1943 1944 1948 1946

of course, to suit local conditions and the processing of millions of repatriates
and refugees, but these variations need not be recounted here. The good
results achieved were succinctly stated by Scoville.*

During the season 194548, although cases of the disease were reported from all
sections of the American Zone, no large-scale outbreaks of typhus fever occurred In any
Korean city. Two reasons for the failure of large epidemics to develop in this country
are apparent. First, was the Instruction program of typhus control instituted eariy Ia
November 1945, by the XXI1V Corps, Military Goverament, and the United States of America
Typhus Commissiosn. In this program every city which had been or was likely to he a
focus of typhus was visited. In each of these cities, both Korean and American persounel
were taught typhus comtrol procedures so that potential epidemics could be forestalled.
Second, in the large cities, all fort of typhus fever during previous years were demarcated
and the inhabitants of these areas were vaccisated with typhms vaccine and delowsed
with DDT at moathly Intervals. Although most of the cases of typhus fever which oc-
curred in the American Zome were Infected in northern Korea and Manchuria, a small
number came from Japen. Those cases which occurred im the morthern portiom of the
American Zone probably originated ln areas which had beea endemic foci for years.

During the period from September 1943 to the end of 1946, only 10 mild
caser of typhus, with no deaths from the disease, occurred among U.S. Army
personne] in southern Korea.

" Ree funtnete S1(3). p. SHT.
716-T81°—84———19



266 COMMUNICABLE DISEARES
Part I1. Murine (Endemic) Fleaborne Typhus

It is the purpose of part 11 to deal with the secoml variety of exanthematic
typhus fever which has been called New World or endemic typhus and is
now more generally known as murine fleaborne typhns in recognition of its
rodent reservoir mud arthropod vector. The account. will be much shorter than
the history of epidemic louseborne typhus in World War II becanse the
disease, althongh worklwide in occurrence and a cause of death. tid not have
the international significance or capacity to spread among human beings that
niade its congener s0 notorious.

HISTORICAL AND SCIENTIFIC REVIEW

During a century or more before 1926, it had been recognized that a mild
form of typhus fever was occurring in portions of the continental United
States amd in Central and Sonth Amenea, Europe, Africa, and Asin.  This
disease received so many designations and the confusion was so great that the
true conditions cannot be extracted from the records of those past days. Clari-
fication began in 1926 when Maxcy ** concluded from epidemiological studies
that “a tisease clinically indistinguishable from typhus fever, except with
regard to its relative mildness anid low fatality rate, was endenic in the south-
eastern United States ®* * * that a reservoir of infection existed other than
in man, and that this reservoir wns in rodents, probably rats or mice, with
accidental transmission to man through the bite of some parasitic bloodsucking
arthropod—fleas, mites, or possibly ticks.”* Within the next few years,
Mooser ** and others obtained experimental evidence of differences produced
in animals by inoculation with material from classical Old World and the
niilder New World typhns, and the etiological micro-organism, which had been
seen by Mooser in infected cells, was isolated, characterized, and named X,
mooseri. Maxcy's hypothesis was confirmed by Dyer in 1931 by the isolation
of R. mooseri from fleas (Xenopaylla eheopix) collected from rats. By 1934,
Zinsser ™ had clearly pointed ont that Brill's disease was a form: of recrudes-
cent European louseborne typhus—a variety of epidemic typhus. This opin-
jion expressed hy Zinsser has been alnnmdantly confirmed by the work of Murray
and Snyder.*

* Maxey. K. F.: An Epidemiolndcal Rtudy of Eademic Typhus (Brill's Disease) In the Nouth-
eastern 1'nlted Rtaten, With Kpecial Refrrence to 1ts Mode of Transmission. Pub. Health Rep. 41
(pt. 21 : 29072003, 24 Dee. 1926,

= Rosebonm. L. E.: Murine Typhnn. In Preveative Medicine and IPublic Healta 1 Rowenan),
K. F. Masey, oditar. Kth ~dition. New York : Appleton-Cealury Crofts, Ine., 1934, pp. 428434,

® Mooner, H.: Experimeats Relatlag to the Patholory asd the Etinlngy of Mexlcan Typhes
(Tabardilin). 1. Cllnical Course snd Pathologic Anatomy of Tubardiilo In Gulnen IPigs. 2. Diplehactl-
Ius frem the Prollferate]l Tumica Vaginalis of Ginlnea Pigs Reactlng (o Mexican Typhus, J. Infect,
Dis. 43: 241260, 441-272, 1924,

= Zlaswer. H. . Varteties of Tsphux Virus and (be Fpidemiolngy of the American Form of European
Typhus Fever (Brill's Disease). Am. 1. Hyz. 20 - 313-332. November 10744,

Marray. E. R, and Rayder, J. C.: Beill's Discase; Ettology. Am. J. Hyz. 3: 22-22. Janwary
1031,
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Duaring the 1930's, the agglntination of a snspension of /’roteus OX-19
in the Weil-Felix reaction was identified within a recognized range of proba-
bility with infection with the mnrine t;pe of typhus fever. Later, about 1944,
specific serological reactions—agglutination and complement fixation reac-
tions—became nvailable by the use of specific rickettsial antigens obtained from
enltures in yolk-sacs of embryonated hen's eggs.

At the time of the entry of the United States into World War 11, there
was a slightly current notion that the vickettsinl ageat of murine typhns could
be changed into the rickettsial agent of epidemic typhns by passnge throngh
lice. Dnring the war, Snyder and Wheeler ** in the Chiro Laboratory of the
U.S.A. Typhus Commission proved that the pussage of R. mooweri throngh
lice did not change it into R. prowszeki, and tlmt murine flenborne typhns
did not clmnge into epidemic lonseborne typhus.

In summary—

1. Murine typlms is primarily a disease enzootic in rodents, chiefly the
wild roof rat (Rattus alexandrinux) and the brown rat (Rattus norvegicus),
and, in addition, domestic rats, honse mice, and the field mouse (Muws musculus,
Mus wagneri, and Peromyscus polionotus). The important reservoir of 2.
mooser: is the commensal rat.

2. The disease is transmitted from rodent to rodent by a variety of their
specinlized arthropod ectoparasites, and from rnt to man by the flea Y. cheopix.
It is not contagions from man to man. There is no need, therefore, for the
isolation of patients or for restrictions upon the movements of contacts. Iso-
lation precantions are not necessary in conuection with the treatment of pa-
tients in hospitals.

3. Control measures are based upon the reduction of popnlations of ro-
dents and fleas in commmnities,

4. The incubatiou period is from 10 to 14 days. The rash nsually appears
about the 4th day of the disease, and the symptomns last about 14 days. Con-
valescence may take a month or more. The case fatality rate is from 1 to 8
petcent,

5. Mnrine typhns is essentially a disease of sumwer and fall, in contrast
to epidemic louseborne typhus which is nsually a disease of the colder months
of the year.

6. .\ moderate degree of innnnnity can he stimulated by injections of a vac-
cine composed of pure snspensions of X, moeoseri and their solnble specific
substance, made according to procednres already described in general for the
preparation of typhus vaccine. Sucl a vaccine was not nsed in the Army
during World War II, because, as already stated in Cirenlar Letter No. 333
(p- 194): “The incidence of the disease is too low to warrant general vaccina-
tion. This procedure is nov considered in places where the rat popnlation
ean be controlled.”

% Nnyder, J. C.. and Wheelar, C. M, The Experimental Infectinn of the lluman Body louse,
Pedicuing humanus corporin, With Murine and Fpldemle Laoww-borne Typhus Stenlas. 5. Exper, Med.
N2: 0 20 July 1945,
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GEOGRAPHIC DISTRIBUTION OF MURINE TYPHUS

Fleaborne murine typhus fever occurs in all parts of the world as shown
in map 3. Areas of special importance to the U.S. Army were:

1. The States in the southeastern United States; namely, North Carolina,
Tennessee, South Carolina, Georgia, Alabama, Mississippi, Louisiana, Florida,
and Texas. The 5-year attack rate per million population by States for reported
ceses of typhus fever, predominantly murine typhus, for the period 1941-45
is shown graphically in map 4.

2. North Africa and the Atlantic coast of Africa from ('asablanca to Dakar.

3. Iawaii.

4. The Philippines, Japan, and Korea.

U.S. Army personnel were in contact with murine typhus in every area
in which they were stationed during World War II.

INCIDENCE OF MURINE TYPHUS IN THE ARMY

In view of this extensive exposure, it is not astonishing that there were
787 cases of murine fleaborne typhus in U.S. Army personnel during the
period 1942-45, as shown in table 38, supplied by the Medical Statistics Divi-
sion, Office of The Surgeon General. Of these reported cases, 497 occurred
in the continental United States and 290 overseas.

The resultant. noneffective rate was relatively insignificant. This daily
rate per 1,000 average strength was less than 0.005.

As a cause of death, however, the so-called “mild” murine (endemic)
fleaborne typhus fever was more lethal than the more dreaded epidemic (ex-
anthematic) louseborne typhus. While there were no deaths from epidemic
typhus among soldiers, there were 15 deaths (1 in the continental United States
and 14 overseas) among the 787 cases of murine typhus, giving a case fatality
rate of 1.9 percent.

It 15 the belief of the author, based upon hindsight, that these deaths
could have been prevented by vaccination. The reasons why vaccination
against murine typhus was not adopted are not entirely clear. The stated
reason, as already quoted, was: “The incidence of the disease is too low to
warrant general vaccination. This procedure is not considered in places where
rat population can be controlled.” The rat population was gradually brought
under control in the southeastern and southern United States, but it could
not be controlled in many places overseas. Perhaps it was assumed that
epidemic typhus vaccination would confer a comfortable degree of immunity
also against murine typhus. The British did not share this viewpoint. Their
vaccine, based upon Craigie's work,” contained both B. prowazeki and R.
mooseri. The review of the experience of the U.S. Army makes this author
feel that it was a mistake not to have used a polyvalent vaccine to immunise
against bot} epidemic and murine typhus.

“Cruipy . Watmea, D. W, Clark, E. M., and Maicomesn, M. E.: Beralegical Relationships of
Rickettslny of KEpidemic and Murine Typhus. Canad. ). Reseaveh 24 (See. ) : 54-103, April 1944
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TarvLe 38.- -Incidence of murine (endemic) fleaborne typhus fever in the U.S. Army, by theatcr
nr area and year, 1142-45

[Preliminary data based on sample tabutations of Individual medlcal records)
[Rate cxpressed 82 number per annum per 1,000 average strength)

[owems | we L we L wH | s

Tl.caler or aren ! g i |
1 i i
i Number | Rate !i Number ' mm-' Number | Mel Number . Rate | Number I Rate
= BB __,..i.___;,*._‘ R I S
Continenial United States 07 |0.03 003} 165 o.usl 160 | 0,04 100 | D03
ISR TREER TmmIm oo mm o et o amae e e e e
Overseas; . \‘ i ! .
Europe_.... e e W0 0 0 5‘0.mv.. n
Medlterranean'. . . 12, .0 R 0 LN /] 4 .01 n
Mildle East. . 4. .07 0 1] .02 LI i R |
China-Burma- India | .m o T 12| .o |.-s| .07
Soulhwest Vacific.. . . . N | .08 1wl 14 »| .2 3| .00 LARN |
Central and South Pacific . 121 . 1wl .o o .2 B . m’I .02
North America?. ... . 1'no .. ._lo ! 0 e e
iatin America. ... .. lu; .68 ' 3| .03 ‘ 1] .o } 4! .m{ |o| L4
Total overacas® ... . . 2% | 0.03 | mln.m] m;u.or’ 102 | 0.3’ col (X0}
Tobsl Army.... ... ... w00 ™ 005 mfu.o«ll 22 v.03 o | nez
| ' ! . !

1 Includes North Afriea,
? Includes Alaska and leeland,
1 Ineludes one admissior on a transpost in 1943,

Nore, - Abeolute 2ero ks indicuted by zero in the unlts column; 0.00 indicates a rate of more than zero hut jexs than
0.005.

PREVENTION AND CONTROL OF MURINE TYPHUS

The efforts to prevent and control nmrine typhus during World War 11
were exerted along two main lines: nnmely, (1) military and civilian lines in
the United States and overseas, and (2) civilian lines within the United States.
In both groups of activities, except for the segment of operations overseas,
the collaboration between the Army Medical Service and the U.S. Public
Health Service was all important. These twa gronps of activities will be
discussed separately with the understanding that their coordination and mu-
tual support was constant. The U.S. Public Health Service, the ’reventive
Medicine Service of the Office of The Surgeon General, and the U.S.\. Typhus
Commission worked together for the common good.

Military and Civiiian Murine Typhus Control in the United States and

Overseas

In January 1940, letters exchanged between the Secretary of War and
the Federal Security Administrator revived the fine cooperation and support
given by the U.S. Public Health Service to the Army, under the provisions of
Iaw and the Executive order (No. 2571) of 3 April 1917. The U.S. Public
Health Service, operating under the anthority of existing Iaws and using its
own resourves, callaborated with the Army in safeguarding the health of mili-
tary personnel by suitable menasnres of extracantonment sanitation. This was
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of particnlar iluportauce for the control of murine typhus in cannection with
the concentration of troops in the Sonth.

The U.5.\, Typhus Commission also had an obligation to assist in the
prevention and control of murine typhus in the United States and elsewhere,
After 1 number of conferences, the Executive Committee of the (‘onnmmssion
decided that tlis juoblem within the continentul limits af the United Ntates
hael best be handled by the U.S, Pnhlic FHealth Service which wns responsihile
under law,

As previously recorded, Colanel Plotz and his associates investignied au
outbreak of wmurive typhus on Jumaica in July aud Angust 1042, The sur-
veys of the U.8.A. Typlius Conmmission in North Afrien, in the Middle East,
and in the Pazific Ocenn Areas pravided a large amaunt of useful information
about the prevalence of murine typhus in those regions. All of this con-
tribited to a sense of security with regard to this dizease. and perhaps to an
unjustifiable disregard of its lethal potentiality.

Civenlar Letter No, 33 (p. 194) ou the subject of the treatment. and control
of certain tropical diseases dealt with endemic mmurine typhus, This was a
useful stntement, composed in Preventive Medicite Service, Imt it contained
some errors. it gnve, however, sufficient ewmphasis to the rat-flen-man path-
way of the transirissian of mnrive typlms.

The rodent control program was specified in several technical bulletins in
194% und hies been fully deseribed hy Calonel TTardenbergh * nnd his nssociates.
This program, which inchiled control of fleas, gnve directions for ratprooling
of buildings and for trapping and poisoning rats. It advised that runways
of rais be dusted with DDT powder to kill fleas.  This proved to be an effective
mensure of control.  These mensures were applied with success in Georgia
and Texas, in 1943 and 1944, where soldiers were exposed ta mmrine typlns
when they visited towus near their encampments.

Prabahly the first experiiments on the control of murine typhus by dusting
rat rans with DDT to kill flens were made under military anspices in North
Africa in 19434+ This logical plan of attack was developed with great
snccess by tle TS, Pnblic Health Service,

At this point, brief mention will be made of the problems of murine ty phus
in the Central. South, and Southwest Pacific Arens, in the Philippines, and in
Japan and Korea.

In the Hawaiian Islands, murine typhus had been prevalent for many
yenrs®  During the period 194243, 123 cases occurred among 1.8, Army

%{1) War Depariment Teehnleal Bullelln (TB MED) 144, April 1843. (2) Hardenbergh, Willlam
A., 2nq Glibert, Jowiph J.: Rodenl Conlrol. In Medleal Deparimer, Unlled 8lales Army. Vreverilive
Mcdieine In World War VI, Volume 1), Environmental Hygiene, Wanrhlogton: U.8, Government
Prinllog Office, 1853, pp. 233-249. (X)) See footnole 20(2), p. 190.

(1) Martin, Walter B, and Young, Charles T.: Murine Typhus In the Hawallan Inland:. Is
Report on Activ:tles of the Medlea) Consultants, Middle Paclfic Ares, pp. 173-174. [Oficlal rreord.)
Alpo, (s istory of Preventlve Medlclne, U8, Army Forces, Middle Pacific, 1841-43, p. 185, {Ofclal
record. 1 (2) Wilhar, C. L, Jr.: Annual Report of the Roard of Health, Terrliory of 1luwail, for the
Flical Year 1944, ending on 30 Snne 1944, pp. 10, 41, 46, and 35,
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personnel stationed in the Centrai and Sonth Pacific Areas. In addition, there
were 87 cases ainohg soldiers in the Southwest Pacific Area,

The oc-urrence of murine typlms in the I’hilippine Islands had been ques-
tionable, although DeRoda had reported its probable occurrence in 1937, Its
presence in Manila and on Mindanao was definitely proved by Woodward,
Philip, and Loranger® in 1945. This finding added 1ore substance to the
opiniou that “murine typhus fever is undoubtedly the most widespread of all
the rickettsial group of infections, among which, fortunately, it may be classi-
fied as the more benign.”

.is previously noted (p. 256), epidemic typhus was widespread in Jnpan
and Korea in 1945-46. In discussing the incidence of typhus in those coun-
tries during that year, it was recogmnized that dingnoses were specifieally con-
firmed in only a few cases among the thonsands of patients. It was well known
that mnrine typhus was occurring in Japan and ¥orea at. this time. It has
been estimated that 20 percent of typhus in those comitries was murine typhus—
but who knows?

Civilian Control of Murine Typhus in the United States

As the largest encampments, posts, training areas, and matenver regions
of the U.S. Army became located in the southeastern and sonthern States
(Tennessee, North Carolina, Texas, Louisiana, Mississippi, Alabama, Georgia,
South Carolina, and Florida), the prevalence of murine typhus in these States
assumed a military importance equal to its civilian importance as a cause of
sickness and death. Through the cordial cooperation between the U.S. Publie
Health Service and the Army, effective operations for the coutrol of the disease
in this area were carried out (and are being continued) with inutual advantage
to military and civilian populations.

A fitting conclusion to this chapter is a brief account of the extraordinary
coutrol over murine typhus which has been achieved in this area by the U.S.
Yublic Health Service.

The results of intensively applied programs for redent control and flea
contrnl are shown in charts 16 and 17 which portray graphically the numbers
of reported cases of typhus fever, predominantly murine, in the United States
from 1031-50. and 1941-536, respectively. The situation during the war period
is ehown by State in map 4. Chart 17 shows the great decrease in reported
cases of murine typhus that has occurred since the start of the DDT control
program in 1845, when about 5,000 cases were reported, to 1956, when the
reported cases were less than 100.

Perl:aps it is well to close this section on & modest note by quoting from
a letter of 27 July 1957 from Dr. Alexander D. Langmuir, Chief of the Epi-

“ Woodward, T. E.. PhMlip. C. B, and Loranger, G. L.;: Endemlc Typhna In Manlla, P.1. Report
of Canes and [dentiScation of the Murine Rickettsial Agent (n Domestic Rats by Complement Fixatlon.
J. Infect. Dis. 78: 167-172, Marca-April 1948,



TYPHUS FEVERS 273

demiology Branch of the Communicable Disease Center, U.S. Public Health
Service, at Atlanta. He wrote to the author of this chapter:

Many of us here are very skeptical that the control program was rcally the important
undertaking. The intensive rat control program in some of the larger cities was of real
value. The spraying of rat ruus with DDT way or way uot have been of great in'portaoce.
We now have exsentialiy no typhus control program, and yet there is no suggestion of a
resurgence of the diseare more than five yeurs after the iast DDT dusting has heen dove.
Advancement in the standard of living and gevneraliy better hcusing and con.munity
sanitation have probably removed the contact of rats with humans,

There are, indeed, mysteries in the ways of both epidemic and murine
typhus. Perhaps there may be a resurgence of both, since both lice and fleas
have become resistant to several insecticides on which dependence had been
placed. At the end of World Wur II, however, conquest of both forms of
typhus seenied to be unconditionally accomplished.

CHART 16.—Murine, ficadorne, typhus in the United Rtatcs; total reported cases, 1931-50,
#howing the large incrcasc that occurrcd during the war years, 1941-44

Number
6,000

4,000

[ W N SR 1 P T T
1931 1935 1940 1945 1950

Source: U.B. Department of Health, Education and Welfare, Public Health Service, National
Ofice of Vital Btatisties. Vital Statistica-3pecial Reports, National Summaries, vol. 37, No. 9, 13 Jume
1953, Reported Incidence of Selected Netifiable Di s, United 8 Each Divisioa and State,
1920-50,
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CHART 17.--Anusal total of reporicd mur'ne typhws cascs in tic Unitcd Btatcs, 1941-56,
showing the great reduction in incidence sinec the initiation in 1945 of the DDT typhus
control program dirccted against rat fiear
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CHAPTER XI

Scrub Typhus and Scrub Itch

Cornelius B. Philip, M.S., Ph. D., Sc. D.

INTROLUCTION

“Serub Typhns Fever is a serious disease prevalent in the Asiatic-Pacific
Areu. In sonie operations, it has disabled more men than has eneny action.
Because of its importance and becanse of expanding military activity i1 this
aren, al! mdividuuls should know hiow to protect themselves from it.” So
rends the opening statement of an Army Ground Forces headquarters’ directive,
dated ¥ Nevember 1044, to various units of troops staging in the United
States n part of the preparation for the final assanlt on Japan,

Fortunately, the early capitulation of Japan obviated the need for com-
pletion of antimite preparations, after reoccupation of the Philippines, and
for issuance of supplies of improved repellent. Indoctrination of troops was
already underway, based on lessons gleaned from experience with scrub
typhus or tsutsugamnshi disease in previons campnigns. This experience will
be discussed hereafter as three major episodes, one each in SWPA (Southwest
Pacific Area) and SP’A (South Pacific Area) and one in CBI (China-Burma-
India) theater (map 5). Postwar information has considerably expanded
our kncwledge of the geographic distribution of the disease, particularly in
India, Thailand, south China, the Andaman Islands, and southern Honshy,
Japan.?

The unopposed occupation of the three notoriously endemic prefectures—
Akita, Yamagata, and Niigata in northwest Honshu—in the fall of 1945 by
units of the Sixth U.S. Army (11th Airborne and 27th Infantry Divisions)
reduced the necessity for field exposure in these areas. This. coupled with the
lateness of the season, prevented infections in military personnel during the
1945 administrative operation in Japan.* Though there was some apprehen-
sion regarding the disease before the earlier Okinaws invasion, no cases of
scrub typhus were encountered during that operation.

1 Bell, E. J.. and Phillp, C. B.: The Human Rickettsioses. Ann. Rev. Microblol. 6: 01-118, 1832,

* Phailip, C. B.: Olwervations on Tsutsugamushl Disease (Mite-borne or Scrub Typhus) In North-
west Honshiu Inlaud. Japan, In the Fall of 1945, 11. Systematic Corament on the Japanese Vole-mites.
Am. J. Hyg. 46: 60-83, July 1947.
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Early History

The prewar documentation of scrub typhus in the various endemic areas
of the region is extensive and hus been reviewed many times.* A Chinese writ-
ing in the 16th century associated minute red “sand lice” along certain rivers
with illnesses in natives of south China. As early as 1810 in Akita Prefecture,
Honshu, Japan, a similar illness, “tsutsuga,” was known and was linked here
nnd in Niigata with “tsutsuga-mushi” or disease mites long before scientific
acceptance and proof of mite transmission of this diseas:, This, incidentally,
was almost a century before the human louse was suspected of transmission of
typhus fever, the other centuries-old, related scourge in Europe.

Discovery of somewhat similar maladies come much later in Fo moea,
Malaysia, various South Pacific islands, and Australia. They were usually
given colloquial names until. within the past two decades, laboratory procedures
confirmed the suspicion that, in spite of some clinical differences, these were
the same as the more virulent tsutsugamushi disease in Japan. Even most
experienced Japanese medical officers during World II, faced with such easual-
ties in Burma and elsewhere, wonld not diagnose it as the same disease (see
pp. 3H4-347).

Control meusures, until the development of modern repellents and acari-
cides, were crude and rather ineffective in endemic areas, especially where
intensive, continuous cultivation could not be practiced. As late as 1945, some
Japunese farmers in Niigata wore customary one-piece clothing and leggings
to try to restrict mite attack when going into infested locations.

Prewar knowledge of geographic variations in the epidemiology and ecol-
oyy of the disease was greatly extended during nilitary operations. The term
“scrub typhus” originated in Malaya in contrast to so-called shop or urban
typhus and was the designation adopted for purposes of military records
because of widespread usage in the Southwest Pacific region.

For intelligent subsequent presentation of epidemioiogical features of the
disease in the U.S. Army experience, it is desirable (o define the disease and
to provide statistics on the incidence in troops in the various theaters.

Definition and Clinical Characteristics

Scrub typhus is a specific febrile infection due to a rickettsial agent trans-
mitted by certain species of chigger mites which habitually infest local small
animals, particularly nondomestic rats, and some ground-frequenting birds.
The usual clinical characteristics of cutaneous eruption, febrile course of about
2 weeks, lymphadenopathy, and often a primary lesion or eschar at the site

TBlake, F. G., Maxcy, K. F,, Sadnsk, J. ¥, Jr., Kohls, G. M., and Bell, E. I.: Studies on
Tsutsugamushl Disease (Bcrub Typhus Mite-borne Typhus) In New Gulnes and Adjacent Islands:
Epidemiology, Clinleal Observations, and Etlology In the Dobodura Area. Am. J. Hyg. 41: 243-373
May 1945. )
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of bite by the vector, in two or more respects resemible other ty phuslike rickettsi-
oses. .\ further point. of resemblance is the usnal developnient in early con-
valescence of a positive Weil-Folix renction, thongh the agglutinins are peculiar
for the mutant OX-K strain of the Proteus bacillus.

The clinical, pathologic, and therapentic features have been summuirized
by Znrafonetis nnd Bnker.! The proportionate oceurvence of these clinienl
symptoms varied in different episodes, but. lymphadenopathy was the most
consistent ; it occnrred even in ambulatory, nonhospitnlized patients as con-
tirmed by snbsequent serologic testing of individuals: 97 percent of 1235 cases
in the Owi-Dink epidemic hnd at lenst regionnl glandular involvement drain-
ing the site of infection.  Rash varied from 70 percent to *almost all™ in various
ontbreaks? and the eschar from 83 percent to only 11.°  No relationship conld
be detected between the variations in virnlence in different arens.

THE INCIDENCE OF SCRUB TYPHUS IN THE U.F. ARMY

The total number of cnses of seruh typlms in U.S, Army Forces in all
areas from March 1942 throngh December 1943 was estimated at 6,17 as re-
ported by the statistical bealth reports in tie Surgeon General’s Office and
compiled by Dr, Philip E. Sartwell.  Comparison with incidence in other
nrmed forces by year nnd locality is given in table 39. The overall Army fig-
nres lmve since been revised and are provided in tables 40 and 41.

Table 42 gives o brenkdown of enses by nven and theater—SWP.\, 5,713;
SPA,32: and CBIL, 9677 The 5,718 SWP.A cases included 284 in troops during
reoccupation of the Philippines from Nov.anber 1944 throngh December 1945,
and 28 in Anstralin in those two complete yenrs. Separate data are not avail-
able for Australia for 1942 and 1943, It is likely that two known cases of
murine typhus in the Philippines and n few in Australia are included in the
totnls Lecanse of the methods of reporting nll types of typhns as a combined
figure in the statistieal health report. Similarly, in the total of 967 cases for
the CBI, separate reporting of “e” (epidemic) or endemic (murine) typhus
from *s™ (scrnh) typlus was not initinted until March 1945, The figures have

+ Zaratonells, Chria J. D., and Buker, Myles I.: 8crub Typhus. I'n Medical Department. 1'nlted
Ststes Army. Internal Medlcine In World War 11, Volume 1I1. Infecttoun Diseases. Washingion:
1°.8. Gavernment 1’rinling Offies, 1963, pp. 111--142,

S1thillp, C. B.: T hl (Rerud Typhus) In World War 11, J. Tarasllol, 34:
369-101, June 1948,

s)roan, E, N., snd Armatrong, H. E.: 8crub Typhua In Dulch New Guinea. Ann. Int. Med. 26:
201-220, Februsry 1947,

7 Rome dozen casen have been reported from the United Stales during the war for varions reasons.
In at least one Instance, a case developed en ronte to the Unlled Stales by plane and was first reporded
from a hospital at Camp Klimer, N.J.. In August 1045. Another case, reported as “an aviator,” wan
hospltalized In Kan Francisce, Calif., T days after atrival with clinlcal symptoms and positive OX-K
pevology after exposure In a Sonth Paclfie Isisnd, Buch reports were corrected as to locallly ar
soon as 1hey were recelved by the Medical Statlstics Divislon, Ofice of The Burgeon General,
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TanvE 39.—Casen and deaths due to scrub typhus in U.S. and Allied military forces, during
World War 11, 19,2-45, tn selected areas, by thealer or command

D l 1943 1944 1945 i Total
Theater or commrnd ' - -
NumberiNumber| .\'umlwr\\'umlnr Number|(NumberiNumber|Numberi* umber{N umnber
of cuses |of deaths| of cases lof hs| of cases |of deaths| of cuses (of deaths| of cases jof deaths
New Quines and ad}a-
cont islands:
Australisn Army... 188 L] 1,870 12 602 ] 181 27 2,8%9 257
U.S. Army _.____.. k<) 0 91 31 4,383 165 80 19 5,437 235
US. Navy.._____._ [} 9 47 3 360 20 170 3 487 %
Phillippires:
'8 Army.. ... .. 1] 0 0 0 13 1] ko 10 24 10
1.3. Navy.. ... (] 0 [] (] 36 1 62 1 9% 2
Remalider Southwest
Pacific and Bouth
Pacific Inciudiny
Australia:
Australian Army... 2 i 1600 8 152 2 1) 0 M5 1
Austraiisn Navy... 0 0 1 1] 3 1] 0 0 4 0
C.8 Army......_.. 1 0 0 1] » 1] 2 0 » 0
Southeast Aala:}
US Army._........ 0 0 L] 0 fio 23 301 20 987 | L]
Chinese Antny.___.. [] 0 17 i 202 » i30 i3 E ] )]
British-Indian
APBY - caemaenns + + 97 o 3, 80i (U] i,082 ] 5,400 [0}
Greaad total ... | 22 41| 3.m0 175 | 10,188 20 220 ; 108 | 16,220 6%

1 Inctuding As«an: but excluding the remainder of India, data for which are not available for comparstive tabulation.
Alkindia total british cases from vark:us sources for 1942-45. 420 4 cases; Ceylon, 1142 -44, 790 ca .e5; Maldlve Islands
a'vd Dicwo Garcle, 9424, ai least 726 cases, plus approximately 79 cases (Navy or Army unknown, but ifayakawa
(see addendum, footnate 58, p. 25¢) tabulates 5 in Japanese troops at “Car Nicobar Isiand*).

1 Iata not supptied.

Scurce: Complieu by the suthoe in correspondence with statistical agencles of various armed services listed,

not been corrected to eliminate such known cases of endemic typhus which
were included in the statistical health reports subeequent to that date (to-
gether with about 1,250 additional cases eliminated in the revised statistics,
see tables 40 and 41), for consistency with other historical data. Of the 967
CBI cases, at least 125 were reported from China, many of which were prob-
ably endemic typhus.® It is not known how many were actually scrub typhus,
nor how many came over from Burma during their incubation periods, as dis-
cussed later.

The figures of 1,000 per year rates given in table 43 show totals for the
4 years, 1904245, of 3.34 and 2.28 for the SWPA and CBI, respectively. The
highest rate of 9.756 for SWPA, other than Australia and the Philippines in
1944, is due chiefly to two major epidemics encountered on the Owi-Biak and
Sansapor beachheads in New Guinea (p. 285).

8 Verbal report to this anthor by Medical Comnsultant, Chlef Surgeon's Ofice, China Theater,
23 May 1048.
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Tasry 40.—Incidenee (total cases) of scrub typhus sn the U.S. Army, by theater and year,
1942-45

1Preliminary data based on sample tabulations o individual medical records)
(Rste eapresscd as number per annum per 1,000 average strength|

wes | 42 e 1944 | 1948
Thester or aren e k d T =
Numhﬁ'llut-'!' &‘umhrr'l(m Numhﬂ'luu‘ .\‘umhnlkuo .\'umhﬂ"luu
. ) | ———— i | e et e | e e ———— E e
Continental United States........ 5 um{i .......... [o0 |.......la0 ! __________ laa | sl a0
! ..—-_1
[ Y |e R e
[ BE I o °
Jo ° o ... °
..... Jo 1|0 anm! % | 113
Southwrst Pacific.__........| 4400 |24 .8 ™| o .28
Central and South Pacific. .. o 1| . 0| .0 . 0| .02
North Amerton 2. .| . [ ] [ [\] o .0 R T [ ]
latin Anerdos. ... ...l o |l.....|e | .le ° °
. .- - - ‘___._4 | — - — —— N - -
Total oversema ) _______ . 5,428 [ a5 { | 0.08 748 | 0. M4 LLoR ! oan
Total Army._............] Sedt}an || aalo.m Mo 41ees| | o
! Includes North Afrios.
1 Includes Alaska and lorland.
9 Includes admissions on transports,

Norve.— Absolute sero is indieated by sero in the units column; 0.0 indioates a rate of more than sero but lees than 0.08
and 0.00 a rate more than seco but less Lhan 9,008,

TanLE 41.— Deaths due to scrud typhus tn the U.8. Army, by theater of admirsion and year of
death, 1942-45

[Preliminary data based an sampls tabulations ef individual medical records]
[Rate axpressed 2 number per annum per 100,000 average strength)

1942-48 42 1048 b ] e
Theater or wrea
Number | Rate || Number { Rate [ Number | Rate | Number | Rate | Number | Rate
10,00 Jlecevecenas 00 .......... 0.0 | . aceea... .0 1 0.63
[}
[}
]
14.00
1.9
3
North Amerien *.. ......ccoo .
Latis Amwerite.... .-oc.coaeee °
Totaloversees b ........ . »2|26 |l.ceennen [} ®ire 40 2| L4
Total APy .cocoooeooaanee b N | | SO, [ ] ®lien 190 |2 Ml oen
! Inciudes North Africs.
S Includes Alasks and Ireland.

 Includes ons death among tranaport admissions in 19K,
Nors.—Absolute sero is indicated by sero in the units column; 0.0 ind icates & rate of vore thas 2ero but Jess then 0,03,
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TanLx 42.—Case incidence of scrubd typhus fever in ['.S. Army troops, by month, 1042-45,
and by area and (healer of admission !

(Puﬂm!myﬂlummdmuhlhnhn'mﬁ]

I Soutnwest Pacific Ares Chm-mlndh
Month ana yeor R m l oo
l Total | Australia Irmumm- ower | '™ | Total | Rurtsa- l Chine
p— I . ———— - ‘-.——_.l—.__ - — -
1942 i , . : l
Mareh________.. ._... 1 . ‘ : . :
July .. 1| 1, . i |
August .. ... .. . 2. : ‘ ;
September ____. ... __. 8l | i i
October___.___........ 7 i | ! '
November_____..._. .. 7 '
December_ ... ... ____. 8 ) :
e e e | - . —
Total.......__.. 34 1 |
1943 :
January._ . .........._ .. 92 1
February._ ... .___. 62
Mareh_ ... __.______.. 45
April . ___ . ... 55
May..ooeooooo e 64
June_. ... .... 79
July. ... ... 83
Auguet . ______. ______ 81 1 1
September__ ... _. . ___ 98 L]
October.. ... ____.__.. 93 2
November__ _________. 87 4
December___...._. ... 119 5 40
Total . __________ 935 [} 58
1944
January....ccceaeaoo... 75 1 74 2 10 |
February.. ... ___.. 104 ) 98 3 21
Maroh. .. ____________ 1584 2 182 3 2
Apeid. ... . ... 75 1 74 3 37
MaY. e 130 130 8 a7
Juoe _______ ... ___ 212 11 201 3 64
July. ... 647 2 045 2 45
August. ... ____. 1,75 1,75 38
September____ ... __._ 757 2 755 45
October_______________ 251 1 250 103
November___________.. 113 1 12 80 81 8
December_ ... » 12| 77 | s i 5
Total___________ 4,396 26 13 | 4,357 26 | 610 163 I 13

See festaotes at end of tadle.
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Taser 12.- Case incidence of acrub typhus fever in U8, Army troops. hy month, 110,255,
and hy arca and theater of admission  Continmsd

Sotuthwest Iacific Ans i Barmoa-Inets s
sewrth Cheosler
Month and yewr Ll h . R LAl
Total Australts  Fhilippines  (Hher e tal I.ur;v.u- { hina
wis
10535

January 10 2 ~ 12 1~ w2 [
February . . (L) " 7 31 n €
March . 5 e} xn 24 1}
April. 32 5 3 14 1 "I
May . | ” 2 1 1 "
June R 4+ H 3 31 m
July. .. . . 20 [0 2 ™ 113
Augunt 1] [1]] ] 19 L) 1t
Neptenther A4 (% 2 [t 4 .
October . It (e h (% 1" L 3
November 2 h 1 h 3 2 3
Decembeer . b [l 2 h 2 ] 2

Total. . 353 2 o] | 2] [ 1]} (L) H2

Grand total 3718 32 sodv

! fiee tables 80 and # for amended fgures (19855,
 I'nreperted though (rmops in arva.
1 Not rorrected (8 exchude 128 knowa canrs of rndemie | arice ) s epidende tyydne.

The figures in hoth tables §2 and 43 provide columns for the South Pacifie
Area (0 inclutle a few cases” which orcurred in the UN. Army Forves in the
islands of Espiritu Santo, New Georgia. and Bougainville before 1he last was
transferred from the jurisdiction of the Nouth Pacitic to Southwest Pacific
Area in August 1944*  Although indeterminate reference has tren made 1o a
focns of the disease on one of the Treasury group of islands, sonth of Boagain-
ville, which was occupied chiefly by Naval pervonnel. other reports indicate
only the wenrrence of severe, mite-cawed, serub itch.  Aimont 80 percent of

® Becanue It had bern sugursted that & large propettion of the 176 1l (1942 43 typhbar aws
1a (he Central Pacifie Area (Incinling (he Routh Padific Area) fofers werr probably srrub (yphes,
altention is calied 1o The rrpart of 100 canen of muriar typhoe in (he llawzilan Isiends For 1945 44.
(Martin, W. R, asd Young, . T.: Report an Activities of the Medieal (Connnitanta Middls Pacifie
Area. Murine Typhus In the Hawallan Islands. pp. 173-174. | Ofieial reverd. 1), Merw
wceurred 1o 1945, )8 The other hand. while 12 came of srrub typhun srv tepuriod aflivielly for RPA
by statistion]l beallh repart? (are table 421, 43 2nd “ovrr 10" cnwn are sperifesily montioned tn
Individuni reports for the nland of Bougainville aloar in KPA.

* Easrntin) Technical Nedies) 1ats, Beadouatrters. Bouth Pacilie Ran: Cmmand. '8 Army for
August 1944, dated 1 Bept, 1944, (2] Letter, Capt. Lol G, Weit. MO, Malariningist. NHeadguarters,
Mslaria and Epidrmic Coalrel. Americal Divisien, to t'hief Malarisloziat, Neadguarters. 1.5, Army
Forees Ia the Far Eart, 28 Oet. 1944, subject: Repnri oa FEfiectivensce of 1%methy]l Phibalste-
Impregaaied Clothiag 1a Preventing Scrud T)phus. X)) Entamclogical Nows Letter No. 1, Neod-
quarters. Malaris and Epidemic Cratrel. Reuth Pacifie Arva. Navy 140, 1 Iiee, 1843, (§) Rasratial
Technica! Medieal Data, leadquartsos, XIV Corpe. {8, Army. for Augwst 19044, dated 13 Sepe. 1944,
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TarLe 43.—Admission rates of scrub typhua in U.S. Army troops, by month, 1942- 45, and by
theater of admission !

[Preliminary data based on summaries of statistical heuith reports)
[Rate expressed as number of cases per annum per §,000 average sirength)

{

Southwest Pacific Ares China-Burma-Indis
fouth theater
Month and year | I ! Pacific
. Total | Australie |Phitippines] oOther | ™ | Tots! | Burma- | China
| [ India
1942 !
March. _____________. 0. 96
July_. .. 12
August. ... ___._._. .27
September_ .. _ o 1. 06
October_ . ... ______. .1
November._.________ .87
December_____________ [
Total . .___._.._. 0. 51
1843
January____________.__ 8 89 0. 56
February . . ______. 6. 99 0
March. ... ... ... 4.55 0
April__. ... 412 0
May ... 5. 62 0
June_ .. ... 6.26 0
July . L 4.55 0
Angust . __ I 5. 12 0.09 30
September. .. ... 4.08 1. 94
October ... ._______. 4. 64 .28
November ... _____ .. 3.08 .66
Deeember. . ________. 4. 04 .33 | 4. 41
Total .. ._....... 479 0.04 {122
1944
January . .. _._........| 313 0.12 4.66)0.12 | 1.33
February . ........_. 4.26 .85 565 .17 | 2.589
Maren. ... _.__..._._| 519 .24 668 | .15| .17
April_ .. ......_...___| 228 .17 2.72| .28 360
May . .ol. 37 0 4.36| .46 5.62
Juoe. ... 4.12 .72 4. 46 16 | 4.10
July .. . ... .| 13.40 .42 14.84 | .20 3.46
August _.. ___.__.._._{ 34.56 0 37.5% | 0 2.80
Seplember .. .__.. 11.70 .43 1238 | 0 2.53
Qetober._____._______. 4.60 .29 4.8 1|0 7.12
November. __ .______ .92 0 0.06| 2.82(0 5.77| 598| 4.26
Decermber.____________ .21 0 .42 17810 444 479 1.99
|
Total____.______ 7.9 0. 41 9.75 3.82

See footnotes at end ot table.
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TanLe 43.— Admission rates of scrub typhus in U.S. Army troops, by month, 1942-45, and by
theater of admission '—Continued

Southwest Pacific Area Chins-Burma-Indin
8outh theater
Month and year Pacific
. Total Australia [Phllippines| Other Ares Total | Burms- | China
‘| Indis
|
1946

January. _. .. ___ .| 1.66 1. 01 2. 67 . 46 6.17! 6.71 2. 60
February. . ____.______ 1.10 0 1.36 .76 | 1.77 1. 69 2.24
March_._.___________. .62 0 .49 .94 1. 08 .29 5. 60
Aprll_ . . .. . 54 0 .63 .33 .74 . 08 4.26
May. . ____..__. .25 0 .28 .15 . 85 .07 2. 60
June_ .. _______. ;- 56 0 . 64 .22 1. 31 . 54 4.13
July. ... .3 0 .32 .29 1. 49 1. 13 2.63
August. . .. ___.__.__ .11 0 .13 .0 i . 82 .47 1.78
Beptember_ . ________ .04 (U] .4 ® .75 . 59 119
October ______ . _______ .12 * ® ® .65 . 60 . 84
November_.._.......__ .02 ® .02 ® .30 14 L12
December ... ... __. . 08 (4] .0l ® .27 1.92

Total ________ __ 0. 39 *) .48 (Y] 1.35 1. 06 2. 59

Grand total_. . __ 3. 34 'I 2.23

1 Se¢ tables 40 and 41 fur atnended figures \1967).
% Unreported though troops in area.

the sickbay calls there were due to lesions initiated by these mite bites. Only
three cases of scrub typhus were reported from Espiritu Santo. They
were members of an engineeering construction battalion engaged in clearing
brush during the 18 to 24 days prior to the onset of their illness. Characteristic
symptoms were observed, and all developed positive OX-K agglutinins as
checked in two laboratories. This constituted the farthest eastern locality in
which scrub typhus was encountered. No other reports of the disease were
forthcoming from any of the islands in the Central or South Pacific Areas.

Snrub Typhus in New Guinea and Adjacent Areas

The Eseential Technical Medical Data report from the Southwest Pacific
Area for September 1944, dated 5 October 1944, summarized the experience
with serub typhus up to that time as follows:

The first cases of scrub typhus in this theater were noticed late in 1942 as troops
began t7» move into New Guinea. During the last 5 months of that year, the total of
32 cases were reported, but in January 1943, the number rose to 92 for a single month.
Thereafter, the rate remains about the same with a total of 925 cases being reported
in 1043, and 438 cases in the first 6 months of 1944, At that time, task forces moving
Inte Dutch New Gulnea were struck with the disease In epidemic form and twice as
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many cases occurred In the ensuing 10 weeks as had occurred in the previous 23 months,
a total of 2,503 cases so reported.

Up to that time, minor foci were encountered in northern Queensland,
Australia, and at Port. Moresby and Milne Bay in New Guinea, while more
important outbreaks occurred in the Oro Bay-Dobodura, Markham Valley, and
Goodencugh Islend areas, as well as in Cape Gloucester in New Britain.®
“The disease was continuously encountered as the military operations moved
northward along the coast to Salamaus, Wau, Lae, Nadzab, and Finsch-
hafen * * * 7% during this earlier period, but these episodes all remained
of relatively minor epidemiological significance.

The mortality rale Is not significant in a military sense. However, In the mortality
rate from all disenses In the theater, typhus deaths account for 30 to 50 percent. The
mean case fatzlity rate remains low ¢ ¢ ¢ 13

In comparison with the overall incidence and rate in SWPA, given in
tables 42 and 42, a summary of the incidence, mortality rate, and case fatality
rate is shown in table 44 for the period, August 1942 to December 1943, based
on strength only of troups in bases north of Australin* These figures are con-
sequently higher but give n better picture of noneffectiveness due to scrub
typhus in foci encountered in forward areas of operation.

The experiences of individual units were sometimes more serious:

In one unit, with a strength of a 1,565, that had an average exposure period of 11.74
days in the Markhann Valley, 37 camves of scrub typhus developed * * *. The admission
rate for the period exposed was T3.5 per 1,000 per annum and the aversge length of stay
in the hospital wes In excess of 70 days. Thirty-three were evacuated to the mainland
In which one death occurred (the Commanding Officer of Company F).**

The two most serious episodes in the entire Army experience in any area
followed nlmost immediately the landings on Owi-Biak and Sansapor beach-
heads in Netherlands New Guinea between June and August 1944, These two
outbreaks provided about 2,000 cases.* By the end of 1944, there were 2,500
cases in the two areas. Although the case fatality rate was very low (about 2
percent), the loss of time from duty represents a major military handicap. In
man) patients, the fever lasted for more than 20 days. About 5 percent of
the cases were seriously ill.

it Essential Technical Medical Data, Bouthwest Pseific Area, U.B. Army, for February 1944,
dated 3 Mar. 1944,

M Kee footnote &, p. 277.

13 Report, Col. Maurice C. Piancoffta, MC, Chlef Consultaat, to the Chlef Snrgeon. U.8. Army
Forces in the Far Raxt, 1 Feb, 1044, subject : Report on Rernb Typhus Fever.

M Espential Technical Medical Deta, Southwest Pacific Ares, U.8. Army, for Beptember, dated
B Oect. 1944.

B(1) See footmote 11. (2) Medleal data onr this disease are presented la other reports,
but 2 minlmum of such data are also Included In this sectlon to emphasize such epidemiological
featuren as differences la virulence in different cutbreaks, and the potentia! milltary cost ia time
lost to provide a basis, If desired, for contrast with other Infections such as dengue.

(1) Phillp, C. B,, and Woodward, T. K.: Tsutsugamushl Disease (Berub-Typhus or Mite-borme
Typhas) In the Enllippine 1slands During American Reoceupation In 1944-43, II. Observations om
Tromblculid Mites. J. Parasitol. 32: 802-513, October 1946, (2) Verbal reports to the author
from Lt, H. Wharton, USNR, who identified the mites concerned.
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TanLE 44.—Incidence and mortality due to escrub typhus fecer in U.S. Army troopa in basen
narth of Australia, August 1942-December 1143, by month

rale exp dss ber of cases per 1,000 average stren th]
[Mortality rale expreased as number of deaths per 1,000 average strength]

Incidence I Mortality Case fatality
Month and year Cases Deaths | mte | mte ratio Strength
| l (percent)
1942 ' i
August ool . b2 R, . 502 ____ . .. e 5,174
September __ . ____ 8. ... ; 10.47 .. . il 4, 933
October_............__ 7| S— 3551 . ... 20,474
November_ .. ..__ .. .. S 3.08' ... [ 20, 457
Decanber. . oo ... . i - 2 29 | | ... 35, 044
1943 . i

January oo L 92 14 22. 80 1 4.3 41, 954
February. ._____..____. 62 1 25.73 .4 1.6 31,315
March. ... .. ... 45 15 12.91 1.43 1.1 45, 201
April.. .. .. ... .. 85 2 10. 77 .39 3.6 | 53,125
MaY. o 64| .. _. I ¥ S R F . 57,624
dane . o0 oL 79 15 18. 85 118 6.3 &6, 049
July.... ... e emmm—an 83 16 10, 7: .78 7.2 80, 375
August. .. oot 81 13 147 .42 37 01,772
September. .. _ ... ____ 95 15 10. 66 . 56 6 3 115, 864
October. ... _.._______. 93 4 7.7 .33 4.3 124,159
November. __._________ a7 3 5 58 .25 45 1586, 158
Deceswriver. ... ____ 119 13 6. 74 .74 10. 9 183, 549

Total . ________. 967 51 9. 96 0.53 527 68, 228

t Reported as "typh laria” desths.
Source: Esseitial Technieal Medical Data, Bouthwest Pacific Ares, § Oct. 1944 (corrected).

Earher in the year, a flight surgeon had called atiention to the lighter
incidence among Air Force troops:

Certiln correlations have become evident hetween the mlilitary function of troops
and their physical conditlon. The Incldence of scrub typhus (tsutsugamushi fever) has
been almost negligible among Alr Force troops whereas the Incidence is considerable among
Ground Forves of both the American and Australian Forces.”

However, after establishment of Sixth Air Force headquarters and sup-
porting units on Owi Island, there was a sharp increase in incidence in the AAF
{(Army Air Force:) personnel epidemic. By 10 August 1944, when the epi-
demic was well underway and the strengths of the Air and Ground Forces
were approximately equal on the base, there were 288 cases in the Air Forces
and 259 cases in the Ground Forces on Owi Island, and an additional 205 in

17 Quarterly Report, Headquarters, Fifth Air Force Service Command, dated 10 Jan. 1944.
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the Ground Forces on Bink.'®  An account of the epidemic in the \ir Forces
in Owi-Bink stutes: 1®

Durlng 1the week ending 5 Anguxt, ‘he epldemle had sprewd witl Mhere wux a weekly
rate of T30 casex per LOOO per year. Durlug 1he week ending 26 Auguxl. 1he weekiy raie
dropped 1o 114 caxex per 1,000 per year. Froa 26 August fo 11 Ociober, there was an average
of 2.3 per day, dwiudiing 1¢ 3 easen i the last 8 days of e perlod.  Thie laiter was the
result of aegligence in abldlag by exlstlng regulntfoes oa the preventlon of scrab 1yphux,
There hax heen a tatai of €15 cases wlih i deaths out af an average xirength of approxi-
maleiy 15000 * * * Febrile period nsnnlly laxtett about 2 weeks. Of mblder enses, 38
were reurried direcily 1o daty: of this nuber, 18, or 30 percent, hnd to be rehospiiatized
because of severe usihenla and symptomatie inchycardla.

In Deceimber 1944, there were in ihe 1wo genernl hospilals on Biuk 32 such
readmissions—dingnosis usthenin und nenrnsthenin—4 af whom were rend-
mitted for the third time inchuling their initinl attacks of scrnb typhos in
August. The totnl number of primnry cuses by this time, necording to this
unthor’s persounl observutions vu 2 December 1944, hud renrhed 1,469 far the
two islnnds, with 7 deaths aud a possible eighth in an evacnee, giving the vemark-
ably low cuse futulity rute of 1L05 percent.  On the basis of a conservative esti-
nmte of nn average loss of KO to 7 nmu-duys per primary putient,® the epidemic
on the Bink buse vepresented a potential loss to the Army af Y0000 man-days,
or including the Snnsapor epidemic, 150,000 nmn-duys potentinlly chargenble
to these two disasters.?  Epidemiologicnlly, therefore, such low mortnlity rates
and variations in virnleuce are deceptive in evalnating the militury cost.chnrge-
able to serub typhus.

The cost in the military sense is even mare strikingly illustrated by ex-
perience in the Sansapor epidemic. Within the first 20 dnys of landing, 407
men were hospitalized in the lst Infuntry Regiment alone. Among these
were the regimental commmuder, execitive officer, und 10 other stuff officers,
5 company communders, awd 13 other offivers.* Quoting from unother
aceaunt : =

In contrart 1o “E* [Bansapor|. where there were 137 canes wiih onvets by D413, unly
4 of the caser from the earllest unhix arrlving at “D* [Owi Islaml] had onsets by that
equivalent time after arrival, and the epldemie imitlt np mnch more siowly at “D". It is
net. known what the percentage of infection in the respective lueal mite populations was,

hm sindy of the case dlsirthmion aad ynestloning nf patients suggested that the relatively
longer incnballon periods at “D” were In part also a refiection of a lower level of virulence.

™ Personal olservaclons of ithe aurthor throngh data wpplled by 1124 Evacastlen Hospllal on
1)w] Island nod (he other mources, Auguxt 1844,

» Summers, 1. H.: An Oulbreak of 8crub Typhus Amoog Alr Foree Troopw la lhe Ronlhwest
Pacific Aren. Alr Rurgeoo’'s Rull. 211 : 371-373, November 1945,

®» Brownlng, 1. 8., Raphael, M., Kiela, E. F, and Coblent, A.: Serob Typhos Am. J. Trop. Med.
25 : 451-492, November 1043,

n Kohls, G. M., Armbrust, C. A, Irons, E. N, and Phillp, C. B.: Rtudles on Twutsugamnshl
Dseass (Scrub Typhux, Mite-borne Typhus) In New Gnloea snd Adlacen] Islands : Further Observa-
tlonk on Epldemiology and Ellology, Am. J. iisx. 41: 3T4-306, May 11145,

2 Leller, Lt. Col, Cornellux B. Philip, 8nC, Uniled Sialex of America Typhux Commission. to
Col. M. C. Pincoffs, MC, (fice of the Chief Rargeen, 1hrough Chief Rurgean. Rixdh 1°.8. Aemy. iiai~] 28
Aug. 1944,

» Bee footnole 21,
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In 53 days, during the epidemic at Sansapor, a total of 931 cases were
hospitalized, with a fatality rate of 3.4 percent. The extraordinary number
of nine primary eschars on one patient, and others not infrequently with mul-
tiple eschars, indicated that the local mite population must have carried a high
rate of infection. Data on admission rates on 1,000 per year basis for the com-
bat periods during the Sansapor and Owi-Biak epidemics are given in chart 18.
In view of the strain on hospital facilities and the severity of this infection, the
noneffective curve for the Sansapor epidemic is indeed a prodigious one. The
penk, which was a8 an individual episode higher than any yearly rate for all
causes in the entire U.S. Army, was reached within 3 weeks of D-day (31 July)
and could have been serious if there had been intense enemy opposition.

CHART 18.—8crub typhus in U.B. Army Forces in New Guinea, June-Reptemder 1944

Rate Rote
1000 1000
Y
R
8co .'“ 800
§ \
| B |
;] A
600 ; L 800
" |‘So|ucpor Epidemic
] 1}
400 ! LY 400
Owi.biok Epi H '}
\ [
‘\
[}
200 - b 200
/ I\ \s
[ \
[ \"-.~
ol 1 1 TR A L L 1o
2¢ 1 8 1S 22 29 5 12 19 26 2 9 16 23 30
June July Avgust September
1944

[Hospltal admlsslon rates expressed as number of cases per annum per 1,000 average stremgth)

In beachhead or airborne types of combat operations, it was often possible
to determine rather exact incubation periods in initial cases, thus aiding local
epidemiological obeervations and determination of foci. The shortest period
noticed in Army personnel was a case hospitalized on D+8 in the Sansapor
episode, and contracted during bivouac at the mouth of the Wewe River (Mar
Village). A U1.S. Navy report cites an instance of onset of illness only 4 days
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after initinl Innding.?* Usually cases appeared in exposed units within 1 to 2
weeks of initiai exposare in focal arens as in the 864th Engineer Aviation
Battalion and other early units on Owi Islands (see table 46).

On the other hand, at least three episodes * occnrred in which there was a
peculiar delay in appearance of cases for some weeks after units were installed:

The first was in personnel of the 17th Station Hospital at Miine Bay, which moved
into and cieared its aren in early Reptember; nine cases developed the third and fourth
months (November 15 to January 15) long after the presumed maximum exposure had
occurred wirthout accountable change in local aetivity.

In the second instance of delayed occurrence, approximately 200 men were
engaged in clearing hospital areas for the ndjoining 360th Station and 9th
General Haspitals on Goodenough Island during September and October 1943.
Both hospitals then moved in late in Qctober resulting in the exposure of some
1,000 persons. Twenty-fonr cases of scrub typhus appeaved in November and
December among personnel of the 9th General Hospital. In the patients and
personnel of the 360th Station ITospital, the majority of an additional 24 cases
occurred in the last half of December, long after naximnm exposure would
have been expected to occur.

In the third episode, 17 cases developed near Finschhafen in four batteries
of an air warning battalion situated in an unusually well cleared area (fig. 15)
previously occupied by another battalion whick had moved out 6 weeks pre-
viously after approximately 3 months’ residence without occurrence of any
cases. Other unaffected units were in close proximity on all sides. The bat-
tery of the subsequent occupants with the most cnses had been installed from
88 to 112 days before the onset of illness. Investigation suggested that these
17 cases together with the only 2 that occurred in any adjoining unit were con-
tracted during clearing for and attendance at a newly completed grassy amphi-
theater in arn adjacent ravine (fig. 16). Ironically, the theater was dedicated
to the first vietim, T. J. Ayres, hefore it wns known that he had probably con-
tracted his infection during initial work on this project.

The last two of these small episodes also involved the highest fatality rates
of any individual outbreaks in Army experience—27.5 percent (Goodenongh)
and 35.3 percent (Finschhafen).

On invitation of the Chief Surgeon, Southwest Pacific Ares, a field team
was sent by The Surgeon General, through the Board for Investigation and
Control of Influenza and Other Epidemic Diseases in the Army and the Di-
rector of the United States of America Typhus Commission (hereinafter re-
ferred to as USATC), to New Guinea to study the epidemiology, clinical
features, and etiology of scrub typhus in the troops. The original five mem-

* Logue, J. B. : Scrub Typhus. Report of Epidemic in the Southwest Pacific. U.8. Nav. M. Bull.
43(4) : 645049, Octoier 1944,

#(1) See footnotes 13, p 285; 20, p. 287: and 24. (2) Letter, Lt. Col. C. B. Phillp, 8nC,
United States of Ameriea Typhus Commlisalon, 19th Medleal Service Detachment (Gensral Laboratory),
to Chief Surgeon. U.R, Army Servicen of S8upply, and Director, USATC, 1818 H Street NW.,, Washlng-
ton, D.C.. 2 Dec. 1944, subject: luvestigation of a Small, Loealized Epidemle of Rerub Typhus ln 478th
AAA AW Buo. Base F.
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FIGURE 65— Uoster used in Bouthwest Pacific Area to combat
scrub typhus,

hospitalized during the Owi-Biak epidemic, and at Sansapor, 931 cases in 53
days. The 1st Infantry Regiment of the 6th Division was rendered almost
completely noneflective militarily within a month of landing at Sansupor.

Judged by fatnlity rates, virnlence varied in different arens, bmt the greatest
extremes were enconntered in local epidemics in New Guinea; mnmely, 0.5
percent nt Owi-Bink to 35.3 percent at Finschhafen. The average fatality
rate in the three nmjor episodes covered in this history was between 5 and 10
percent.

A large proportion of cases in all areas was contracted during combat
or staging manenvers in primitive environments. [Peaks of incidence were
relaied to such military activities in the Americau experience rather than to
seasonul influences.

No one ecological type was identifiable as a typical scrub typhus foens,
and the variation in environments in contributing to the infection of troops
a3 the campaign progressed indicated the inmpossibility of predicting focal
areas ahead of occupation. Foci were encountered in fields of native grass,
neglected coconut plantations, nbandoned native villages, vine-grass margins
of tropicnl rain foresi, and. at least in Burma, even in primary jungle.
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U.S. Army agencies contributed fundamental epidemiological information
of the disease incidental ta the primary mediecal aud preventive functions of
the Medical Department :

1. Transmission of the disease throngh the agency of larval, (rombiculid
mites or chiggers was abundnntly confirmed in the labaratory and circumstan-
tially. No evidence was obtained of other arthropods, such as ticks, acting as
vectors.

2. Two vector species af mites were incriminnted circumstantially in sev-
eral foci; numely, 7', deliensis (synonyni walehi) and 7. akamushi (synonym
fletcheri). Each was confirmed by animnal exprerimentation in U.S. Army field
laborataries in New Guinea and in Burnia where 3 and 33 strains, respectively,
were recovered from naturally infected mites.  Iyperendemic areas in Burma
were shown to have a correlation between high incidence following exposure
and a high percentage of 7. delienzis in mite sauiples on indigenous rats,

3. Transovarial (generation to generation) transmissian of the disense
agent was confirmed in luboratary reared niites in the Burma studies.

4. Strains of infection were also obtaimed from indigenous species of rats
in both New Guiuea and Burma, and from Assamese tree shrews.

5. The identily of the strains of disease enconntered during the three
major episodes with one another and with classical Japanese tsutsngamushi
disease was confirmed serclogically and by animal experimentation,

Control measures adopted during military operations in the absence of
an avnilable protective vaccine were of twa sorts: personal protection and mite
avoidance, and mite reduction by environmental manipnlation or intensive
clearing of campsites. Clearing, burning, and camp sanitation were the meth-
ods chiefly relied upon early in the campuign to reduce hazards where foci
were encountered, but this did not always prevent the continuation of cases.
A metliod of clothing treatinent with a 5-percent emulsion of insect repellent,
developed by the USATC team in New Guinea, was widely used during 19045
in endemic areas for protection of both combat. and staging troops.

The Army experience with scrub typhus was unfortunate in that many
thousands of man-days were lost, but it never became strategically critical,
although it might have at the Sansapor beachhead if enemy resistance had
been heavy. Under the impetus of military pressure, knowledge of the dis-
ease and its geographic distribution in the Pacific-Asiatic region was vastly
expanded and techniques of protection and control were developed which will
be of profound benefit not only in the further postwar development of the
endemic areas but also in protection against chigger attacks in other parts
of the world.

ADDENDUM
Scrub Typhus in the Japauese Forces

A complete chronicle of information on scrub typhus in the Japanese comnbat forces
does not belong in this history, but it is not out of place to caii attention to a considerahle
collection of documents which accumuiated in both the Southwert Pacific Area and the
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China-Burma-1ndia theater from varfous sources of interrogation of prisoners, trans-
fations of captured medicai reports, and intelligence reports. No attempt has been
munde here to give more than a few exampies which wiif serve to provide some idea of
geographic distribution of Japanese cases. More complete Japanese niilitary documenta-
tion is given in Hayakuwa's postwar report.”

The iack of any racial difference in susceptibifity to scrub typhus between Chinese
Orientais and Caucasians was appareat in the preceding account of the Burma experi-
ence.” It was learned that the disen:e also was eiperienced by the Japanese forces in
northern Burma, where it was sometimes referred to us “Burma eruptive fever,” or given
a piace or descriptive nnme as “Tenta (Burmese for bushy swamp) ™ disease.” The
infection was sometimes described in medicai reports with typhoid-ifke symptoms, bnt
negative Widnls, somethues ilkened clinieally to "miteborne typhus fever” with strong
OX-K aggiutination and other symptomatic s‘wmiiaritien. Speciic Burma locations men-
tioned incinde: Upper Chindwin, vicinities of Maudaiay, Sagaing and Awarapura, Wuntho
and other viliages within 100 miies of Mandaiay. Fatality ratcs were lov- (one specific
figure 7.4 percent), but “numbers of men" passing through the SBomra Hiiis east of Iiohima
becawme infectd. **Most of the patients contracting the fever died after about 14 days.” ™
There is record of a special field study which inciuded Injection of iaboratory animais
and reported recovery of rickettsine from “Nanking mice” infected with patients’ bicod.”
This was wndouhtediy one of the strains studied by Hayakawa in Singapore and on which
he fater based its new name, Rickctiria oricntalis var. tropica®

Captured enemy docuuents™ have indicated that hospitaiization of tsutsngamushi-
iike fevers had occitrred during Japanesc operations both in New Guinea and in the south-
ern Philippines. The iaboratory sections of certain of their hospitais and water purification
units were probabiy equipped to do Weil-Felix tesiv. While their medical reports cajled
attention to the simiiarity of cares in certain areas to tsutsugamnshi or flood fever of
Honshu often with positive OX~K serology, they nppeared reiuctant so to name the discase
enconntered in sonthern cormbat areas. Insiead, we find reference to such namer as
“Hansa Bay” and “Wewak” fever«. It is difficuit to belleve that when they were driven
into the coraiiine ridges of Riak and bivonacked in Sansapor Viiflage they wouid have
missed encountering the disense, bnt captured prisoners with medical background were
not plentifn} for questioning in this regard.

Captnred documents indicate that cuses were encountered by the Japanese in wertern
New Britain, and a ntedical report givesn data on 65 cures with 2 deaths in their First
Fieid Hospiini at Madapg. DPositive OX-K titers of 800 or more were obrerved in 22
instances.

While there was oniy one reenrded ease in the U.8. forccs on Mindanao in the Phiiip-
pincs, an ADVATIS report® indicates there were cases among Japapese troops in an

® Hayakawa, K.: A Comparative Study of Japanese and Tropien! (Berub Typhns) Tsotsngxamushi
Disease (R. erientalis var. tropios), 13 Feb. 1848, (Obtained on reoccupntion of Maliaya as military
report of I.t. Col. Kiyosi Hayakawa, Medical Corps, Japanene Army, Assistant Director of the Japaness
Army Institute for Preventive Medicine, S8ingapore.)

& See footnote 82, p. 202.

% See footnote 88,

* JICA/CBI/REA, Report No. 9082, New Delhi, India, 23 Oct. 1844, subject: Tsctics and
Btrategy of the Japanese Army in the Borma Campalgn. From November 1043 to September 1844,

= Translation Report No. 33, BEA, T1C (Bonth-East Ania, translation and Interrogation Center).
8 Sept. 1944, subject: On the Freqnent Occurrence of an Obncure Fever in Northern Borma. Part 1.
Hayasht Group Medical Data 38, 9 Jan. 1044,

* See footnote 88,

(1) Ree footnote 26, p. 277. (2) Letter, Lt. Col. C. k. Philip, 8uC, to Brig. Gen. R. Bayne-Jones,
Director, United Ntates of America Typhur C , Washington, D.C., 13 Jan. 1845. Inclosure
thereto, 13 Jan. 10485, subject: Note~ -1 References to Seruh Typhus in Captured Enemy Documents
and interrogation of Prisonera.

® ADVATIS Balletin No. 64, Advinced Aliled Translator and Interpreter Section, Southwent
Pacific Ares, 14 Dec. 1044, Translation of Medical Intelligencs Report (Japanese).
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unspecified area on that Island. Agaln, the disease was oniy llkened ta tsutsugamushl
diseuse, but not diagnosed as such in spite of positive Weli-Felix reactlons and presence of
rash and adenopathy.

Subsequent Informatlon became avallable In an extensive report of Investigations by
Hayakawa,” who decided that the tropicai disease encountered by the Japanese forces
wis a variety of the more severe malady in the homeiand. Studles and descriptions of
mites, reservolr animals, and the ecology of the disease are IncluGed In the repor. The
scnttering incidence he reports corroborates the lack of any central coilecting agency for
duta on mllitary cases for, *'not a case was reported in Luzon, the Philippines,” und their
Minilanao eplsode was unknown to nim.

The Postwa: Army Expelience and Accomplishments

“Overnight as it were n once severe and ofien mortal disease, centurles old, much
feared by pinnter and serving soldler nlike. had Lecome triviai” was the memorable state-
ment made in the 1951 Jubliee Volume (No. 20) of the Institute f.r Medical Re:earch
Federatlon of Malaya, Knala Lumpur. This was a trlbute to the dramatic success of the
first antibiotic, Chloromycetin (chloramphenicoi). shown to be effectlve In fleid trinia of
chematherapy nnd prophyiaxis agninst scrub typhns by a cooperating Army team, uuder
feadership of Dr. Joneph E. 8Smadel, zent to Knaia Lampur lu several contingents begin-
ning in 148, After demonstration thnt this drug conid be relled upou as a curative,” the
chemoprophybictle effieacy was Investigatod by exposure of Anglo-Amerlean aml ative
volunteers in hyperendemic loentions with the remaurkahle initini resnit that 2% of 468
persons became infected in the first text; ™ though the climatie lufiuence on nburalance of
vector miter was reflected in varlable attack rates In the series of exposures, the infecllon
rates In equivaient cantrol und praphylactic gronps were cssentially the same. The drug,
however, suppressed appearance of frank symptomms in the treated groups nntli several
days afier cessation of administratlon of the drug.” This and subsequeuc Infermation
malied '™ 1s of milltary value but was recognized as iesx feaslble for genera' rivillan use
except under unusual circumstances. In trentment, it was fonnd that there was usually
prompt favorable response ta as littie ax 4 to 5 gm. in a singie. oral dose. Occaslonal
relapren were amenable to the same treatment. The trentment recommended as a result
of these studies is an initial 60 mg. per kilogram of body weizht fallowed hy 0.25 gm. doses
at 3-hour Intervals for 24 honrs."™ Weekly dosages of 4 gm. for 4 to 8 weeka were ulso
fauud to be adequate for chemoprophylactic suppression in voiunteers some of whum had
praven, conconmitant rickettsemia, but only one on the shorter reglinen had frank enough
symptems to requlre hospltalization.'™

» gee footnote 88,

” Smadel, J. E., Woodward, T, E., i+y. H. I, Jr., I’klllp, C. B, and Traub, R.: Culoromyretin in
the Treatment of Scrnb Typhus, Rclence 108 : 160 161, 173 Aug, 1'48.

% Phiffp, C. B., Traub, R., and Smadel, J. E.: Chioramraphenical (1’hloromysectin} In the Clema-
prophylaxis of 8crob Typhus (T hi 1)ivcave). 1. Epidemiologieal Observationa on Hyper-
endemic Areas of Reroh Typhus in Malaya. Am, J. Hyg. 50: 63-T4, Juiy 1949,

®» xmadel, J. i, Traub, R, f.ey, H. L., Jr.. Phlitp, C. B., Woodward, T. E., and lewthwauite R.:
Chloramphenicol (Chlornmyestin} In the Chemoprophylaxis of S8crnb Typhns (Tratsugamushi Ia-
ease). I1. Reavits With Voluntoers Exposed in Hyperendemic Areaa of Scrub Typhua, Am. J. Iyg.
50 : T3-91, Juiy 1949,

1% Smadel, J. E., Trauh, R., Frick, .. P., Dicrcka, F. H., aad Batiey, C. A.: Chloramphenicol
(Chloromycetin) in the Chemoprophyiaxia of 8crub Typhus (Tautsngnmushi Dixease). 111, Ruppression
of Uvert Disease by Prophylactic Reginiens of Four-Week Duration. Am. J. Hyg. 51: 216-228,
Marcl: 1950.

m Smadel, J. K., Woodward, T. E., fey, H. L., Jr. and Tcwthwaite, R.: Chioramphenicof
(Chioromyeetin} in the Treatment of Tautsugamushi Disease (8crub Typhus), J. Ciin. invest. 28;
119¢- 1213, Septrmber 1949,

1 flee footnote 100.
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Subsequent to the eariier of these studies, it was nilso fonud both fu tite laboratory
and In the field that Aureviyeln (chiortetracyciine) and Terramycin (oxytetracyciine) are
gimilarly efficucious, though the poxsibiiity of “untoward reactions” with these two,
persuaded some mllitary Investigutors to favor chioramphenleol for clinical use’  These
and other studies by various members of thirx Army group hrve augmented the elinical
and immnnologic information of the disease. New epidemilologic observations have also
acerued, notably the demonstration of R. tautsugamushi in jungle rats and aiso In a specles
of mite (Euschingastia indica) belonging to a genus different from the ciassleai Trom-
bécula vectors,'™ and reemphasik on the role of birds which for the first time were shown
to be carrying infected mites.'™

During and after World War 11, vaccines were rleveinped frum two sources—yolk sacs
of embryonated eggs and laboratory anlmal tissnes. Though the probiem was complicated
by surprising antigenic heterogeniclty of stralns from various areas.'® laboratory evidence
raised hopes that human vaccination might be efficacious. Becausa the Voliner straln,
recovered from a Naval patient in the ’hi'ipplnes,' appeared to have & broader antigenic
charucter than some other lahwratory strains, It was used at the Army Medical Depart-
ment Research and Graduate Schoal, Army Medicai Center, Washington, 1).C",, in prepara-
tlon of a rat lung-spiecn vaccine and given an extensive field triai In Japanese farmers in
endemic areas'™ The disappointing conclusion wns that thls vaccine “was ineffective
in preventing or modifying attacks on thix disease.”

An additional episode oceiirred In Amerlean oceupation troops staging in two areas
on the lower wlopes of Moint Fajt, centrai Ilonshn Island, Japan, between Augiust and
October 1948, Of a total of 1.D1€¢ troops on maneuver, 24 were hospltalised with tsniruga-
mushi disesse, confinned serologicaiiy ; at lenst an equal number of probably inapparent
infectlons occurred in the same nnlts ax checked by random OX-K reactors’® It is
1k %y that n new species of vector mite was Invoived.”® Of specini interest ir this new
foens thas dlscovered autside ithe classic endemic areas in Japan throngh tle ajertness of
Army medical ofticers,

Since certain birds are known to become heavily infested with vector mites,”™ as weli
as to malntain ricketisiae in thelr tlssues for more than 2 to 3 weeks," it I8 strang: that
focl have not shown up during the occupation and subsequent combat operations In Korea.
It appesrs probable that suitable ecologic conditions for survivai of the vector miltes are
mostly lackizg, Mherwise the {nfection shouid have hecome estabiisied there as readily
as In the virions islands along the Asiatle Coast.

1% Raiiey, C. A, Ley, IL. L., Jr,, Diercks, P. H., Lewthwaite. R.. and Smadel, J. E.: Treatment
of Scrub Typhus Evalurstin of Chloramphenicol, Aureomycin, Terramycin, and Paraamlnobensolc
Acld. Antibloties & Chemother. 1: 16-30, Aprit 10581,

% Traub, R, Frick, L. P., and Diercks, F. H.: Observstionn on the Occurrence of Rickettaia
tautaugamualii in Rata and Mites in the Malayan Jungle. Am. J. Hyg. 31: 288-273. May 19560.

1% Bee footnote 98, p. 346.

1{1) Eee footnote 3. p. 278, ¢2) Bengtron, 1. A.: A Rerological Btudv of 37 Cases of Tsutsuga-
mushi Disease (Berub Typhus) Oceurring in Burma and the Philippioe Islands. Pnb, Heaith Rep. 61:
887-894, June 1948. (3) Nmadel, J, E., Ley, H. L., Jr.,, Diercks, F. H., and Travb, R.: immunity in
Serub Typhus: Resistance to Indnced Reinfection. Arch. Path. 50: 8!7 881, December 1350,

1% See footnote 27, p. 2u1.

3t Berge, T. O., Gavid, R. L., and Kitaoka, M.: A Field Trial of a Vaccine Prepared From the
Volloer 8craim of Rickctisnie tont M. Am. J. Hyg. 80 : 337-342, November 1049,

1® Aunuat Historieai Report, 406th Medizal Generai Laboratory. Tokyo, Houshu, Jnpan. 1948,

W Kuwata, T, Berge, T. O., and F.ulllp, C. B.: A New Species of Japanese Larval Mite Fram a
New Focus of Tsutasugamushl Disease In Southeastern Honshm, Japan. J. Parasitol. 36: 80-83,
February 1930.

1 fee footnote 98, p. 346.

us Philip, C. B.: S8crub Typhua, or Tsutsugamnshi Diseaze. Sclent, Month. 60: 281-289,
November 1049.




CHAPTER XII

Rocky Mountain Spotted Fever

Gler. M. Kohls, M.S.

Although Rocky Mountain tpotted fever was first recognized as u definite
disease entity about 1890, the first published account was by an Army surgeon
in 1896 concerning the disease in southern Idaho.! For many years, the disease
was believed to be restricted to certain western States and adjoining Canadian
provinces, but following proof in 1930 of the occurrence of the disease in the
East,? it became apparent that spotted fever was endemic throughout much
of the United States. The disease has been reported from all States except
Maine and Vermont. It is known to be endemic in parts of Canada, Mexico,
Panama, Colombia, and Brazil. Its distribution by counties in the United
States np to January 1948 is shown on map 8.

The etiologic agent of spotted fever, Rickettsiaz rickettei, is resident in
nature and is transmitted to man and to susceptible animals through the me-
dium of infected ticks. The disease is characterized by onset with chills,
headache, pain in the muscles and bones, fever which may continue for 2 to
3 weeks, and a rash which appears initially on the wrists and ankles and then
spreads, in some casec, over the entire body. Nasopharyngitis is sometimes
observed and was the working diagnosis on admission of several proved cases of
spotted fever in troops in World War II. Clinical diagnosis of spotted fever
is usually made by association of the rash, fever, history of tickbite or contact
with ticks, geographic locatior, and season of the year. The serologic tests
most frequently employed in diagnosis are the Weil-Felix and complement
fixation tests. The latter is of particular value in differentiating spotted fever
from endemic typhus and other rickettsial diseases.® In both tests, it is de-
sirable and often necessary to test at least two scrum ssmples—one taken early
in the course of illness and the other after corvalescence is well established—in
order to demonstrate a significant risein titer.

1 Report of The Surgrou General, U.8. Army. Washington: Governmenl Printing Office, 1XUS,
pp. 60-85.

8 Badger, L. F., Dyer, R. K., and Rumreich, A.: An Infectlon of the Rocky Mouatain Bpetted
Fever Type. Pubd, Health Rep. 46 463470, February 1831,

s Plots, H., and Wertman, K.: Sclentific App and Lab y Methoda; the Use of the
Complement Fixation Test {n Rocky Monntain 8potted Fever. Helenee 95: 441-442, April 1042,
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INCIDENCE

It could reasonably be assnmed from available data on the prevalence of
the disease in the United States, during the prewar yenrs, that spotted fever
would probably be of only minor importance from a militury viewpoint in
World War I1, despi‘e the fact that large numbers of individuals might be
exposed tv risk of infecrion coincident with training and other activities in
tick-infested areas. The number of cases per yenr in the T/nited States during
the 193141 period ranged from 249 in 1931 to 544 in 1939, The greatest.
number of cases reported for any one State during any one year was 127 for
Montana in 1935,

For various reasons, both medical and statistical, the actual Army inci-
dence can only be approximated. According to data furnished by the Medical
Statistics Division, Office of The Snrgeon General, based on saniple tabula-
tions of individual medical records, the number of admissions for the total
U.S. Army for the 194245 period was 135, with 0.01 the annual rate per 1,000
n.ean strength. No oversea cases were reported,

Critical review by the author of all available records has reduced to 81
the total number of cases, probable and verified, that occurred in the Army
during the 1941-45 period inclnded in the present repori. This total includes
a single case in a prisoner of war infected in 1345 in Utah. It is quite probable
that 81 does not represent the true incidence, but it is equally probable that it
approximates it more closely than does 135, The annual incidence and the
number of deaths for each of the 26 States in which cases occurred are shown in
table 47, and for the service commands in table 48. It is of interest that 53,
or more than one-half of the total number of cases, occurred in 1943. This is
explainable, in part at leasi, by the relatively larger number of troops in
training camps Juring that year.

Except for 1943, the number of cases that occurred in Army personnel—
four in 1941, seven in 1942, nine in 1944, and eight in 1945—was insignificant
in relation to the overall incidence of the disease in the United States. The
extremes in niimber of cases per year during the war period, civilian and Armed
Forces combined, ranged from 441 in 1942 to 502 in 1941. Even in 1943 when
496 cases were reported, the 53 that occurred in Army personnel represented
only 10.7 percent of the total. The fact that the Army cases were so distributed
that 7 was the largest number that occurred in any State and 14 in any service
command in any one year further minimized the importance of the disease as
a military problem.

¢ Parker. R. R.. and Ollphant, J. W.: Rocky Mountaln Spotted Fever. In Communlcable Diseares.
1’hlladelphla : Lea & Feblgee, 1950, pp. 719-752.
& Bee footnote 4.
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TaBLE 47,—Rocky Mountlain spolted fever case incidence in U.S. Army troops by Slate, 1941-45
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ROCKY MOUNTAIN SPOTTED FEVER S
MORTALITY

Of the 77 Army cases that ocenrved during the 1942—45 period, 12 were
fatal, giving a case futality rate of 1458 percent.  For troops in the Usited
Stutes, the annual wortality rate per 1M mean stregth wis 1,08 and for
the total Army, 0.05. On the basis of 13 denths nsuong 81 cases during the
194145 period, the case fatnlity rate was 1505 percem as compared with a
rate of 18.89 percent for the genernl population during the 1931 46 period.®
The close agreement of the Anuy ense fatality rate with 1lint for the geucral
population supports the view that the troe incidence in the Anny wax closer
to T7 cases than to 135 during the 14245 perid.  The dingnosis of Rocky
Monntnin spotted fever was verified ar reasonably well establizhed for all of
the deaths reported,

SEASONAL DISTRIBUTION

Distribution by month of 77 of the K1 cases that ocenrred during 1941-45
isshown in chart 21. Four cases nre omitted here becanse of lack of information
as to the month in which they oceurred.  The seasoual incidence ix correlnied
with the active periods of the particulnr developmental stages of the three
vector species of ticks responsible for transmission of the disease to man. The
ranges of these species in the T'nited States are shown in map 1. Except in
rare instances, the adults of the Rocky Mountain wood tick, Dermacentor
andersoni, and of the American dog tick, Dermacentor varinbilis, are the only
stages of these two ticks that bite nmn. They ure active chiefly during the

CHART 21.— Beasonal incidence of 17 Army carca of Rocky Nountain apolted fcrer during
1941-45
cAses
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¢ Ber footnote 4, p. 851,
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spring and enrly sunmmer months. bt the activity of 7). eariabilis ndnlts hegins
later and continnes later than in the cuse of /). andersoni.  'The nnmmature swages
ns well as the adults of the Lone Star tick, .Lnblyomma americanm, attnck
man, nid one or more of these developmental stngres may be active throughout
the year in the warmer parts of the region where this species occurs.  However,
this species has heen definitely incriminuted as the responsible vectoc in only
a few eases, none of which are known to have involved Army personnel. It
was an important pest species in some southern training wreas, notubly Cump
Bullis near Fort Sam Houston, Tex., where it wns also considered to be the
probnble vector of Bullis fever.?

PREVENTION

Since control of the tick vectors of Rocky Mountain spotted fever was not
feasible, except perhaps under certain highly loculized nnd special conditions,
only two prophylactic mensures were recommended—personnl precantions and
vaccination.®

Personal precautions.—Emphasis wns placed on this mensure. Individ-
mals wore instructed to nvoiil tick-infested arens if possible.  Ticks were to he
removed from the clothing nnd body at lenst once a fday and routinely at night
before retiring. Attached ticks were to be removed gently to avoid brenking
off the mouth parts. This wns to be done with tweezers or with rotton satn-
rated with iodine, not with the bare fingers. The site of the tick bite was to
be puinted with iodine, und the hands were to be thoronughly washed after
haudling ticks, especially after removing ticks from animals. Iogs were to
be deticked at frequent intervuls.

A means of preventing tick attachment was obviously needed. Wartime
mosquito repellents were unsatisfactory or of little value for this purpose, A
review of the search for safe and etfective tick repellents during and follow-
ing the war is not pertinent here, but, it may be noted that several have been
developed which offer considerable promise.®

Vaccination.—The policy was adopted early in the war that niass vacei-
nation of troops against Rocky Mountain spotted fever would not be under-
taken,”® and as » msnlt, vaccination wus practiced only to a limited extent.
Prewar experience had indicated that the attack ratc was low even in areas
where the disease ocenrred most frequently. Protection afforded by vacei-
nution was likely to be incomplete and of short duration, but could be connted

T Bresaan, J. M.: Fleld Incentigations Pertinent to Bullls Fever. Texax Rep. Blol. & Med. 3:
204-226, 1943,

(1) Circular Letter No. 33, Office of The 8urgeon General, U.S. Army, 2 Feb. 1943, suhject:
Treatment and Control of Certain Tropical Diseasex. (2) War leparimeat Tvchaleal Bulletln (TB
Med) 114, 9 Nov, 1944,

(1) Bresnan, J. M.: Field Testx With Tiek Ropellents. Pub. llealth Rep. 61: I30-26G. 12 Mar.
1848. (2) Cole, M. M., nnd Ymith, C. N.: Tick Repellent Investixutions at Hull's Istand, 8.C., 1948,
1. Econ. Eutomology 42 : RX0-S83, 1940,

“ Long. Arthur P.; The Army [muiunizaslon Program. JIu Medieal Deparimeat, United States
Army. Prevenllve “edicine In World Wne I1. Volume 111. I'ersunal Heallk Meanures and Immoulzs-
tlon. Washington: U.8. Government Printing Ofiee, 1933, pp. 331-333.
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on to modify the course of infection and to insure recovery and more rapid
convalescence.!*

The policy adopted was that of limited vaccination, largely of personnel
in areas where contact with ticks was unavoidable and where danger of in-
fection seemed to be particularly great. In this category were patrols, guards,
and other persennel operating in heavily infested areas where there appeared to
be a definite risk of contracting the disease. The number of individuals who
received the vaccine is not known, hut an estimate way be made from the amount
of vaccine which was made available to the Army by the U.S. Public Health
Service. During 1942, enonugh vaccine was furnished to vaceinate 20,000 indi-
viduals. Since this amonut appeared to be excessive in view of the limited
vaccinatior policy, the U.S. Public Health Service was requested to allot a
total of 50,000 ce. pev vear in subsequent years. This was enough for about
12,000 persons on the bnsis of the prevailing dosage schedule of 4 cc. given in
two doses of 2 ce. each, with aun interval of 5 to T days, or for about 16,000 per-
sons when the dosage was chnnged in 1044 to 3 doses of 1 cc. each. Suballot-
ments were made to the several service communds, and the policy of limiting
vaccination to certain troops in areas regarded as particularly hazardous was
emphasized. The quantity of vaccine distributed in 1943 was consequently
reduced to an amount sufficient to vaccinate abont 10,000, and in 1944 only
about 3,500 pervons’?* During 1945, however, enongh vaccine for approxi-
mately 16,000 persons was distributed—the incrense over 1944 being due largely
to vaccination of prisoners of war in areas where the danger of infection ap-
peared to be significant.

So far as is known, there were no cases in vnceinated individuals. This
was probably an indication of the low attack rate rather than evidence of the
efficacy of the vaccine in prevention of the disease.

With the postwar discovery of promising tick repellents and effective thera-
peutic agents, it would appear that Rocky Monntain spotted fever will be
even less of a problem among Army persounel iu the future than it has heen
in the past.

1 Parker, K. K. : Rocky Monntain Spotted Fever : Results of Fifteen Years' Prophy’actie Vaccina-
tion. Am. J. Trop. Med. 21 : 369383, May 1941,

® Letter, R. R. Parker, Director. Roeky Mountaln Laboratory. Hamliton, Moat., to Lt. Col,
J. W, K. Norton. MC', Aeting IMrector, Epidemiology 1ivinlon. Ofer of The Nurgeon General, '8,
Army, 1 June 1044.



CHAPTER XIII

Yellow Fever

Stanhope Bayne-Jones, M.D.

No case of yellow fever was rvpowted among military personnel during
the period of participation of the United States iu World War II. Indeed,
no cases occurred in military personnel in either the years immediately pre-
ceding 7 Decemnber 1941, or the vears subsequent to 2 September 1'M5, to the
date of this writing in November 1951. During these 10 years, there was no
spread of yellow fever attributable to any component of the Military Establish-
ment of the United States. As the risks were considerable, and exposure to
infection is now recognized to have been greater than was known dnring the
war, the nonoccurrence of the disease among military personne] aud the limit-
ing of yellow fever to endemic regions of Africa, South America, and Central
America direct attention particularly to the control measures that were applied
to safeguard troops and civilian populations.

COOPERATIVE RESPONSIBILITIES IN THE UNITED STATES AND
ABROAD

The control measures directed agaiast yvellow fever were various and ex-
tensive. Their application involved complex national and international ar-
rangements which placed unexpected responsibilities upon the Office of The
Surgeon General. This Office dealt with the problems cliefly through its
Preventive Medicine Service under the direction of L.t. Col. (later Brig. Gen.)
James S. Simmons, MC. In carrying out its niission, the Preventive Medicine
Service, with due authorization, developed and maintained contact with nu-
merous commissions, scientific bodies, civilian and governmental agencies,
including, among others, the U.S. Public Health Service, the Department of
State, the British Inter-Departmental Committee on Yellow Fever Control,
the Government of Indin, the Government of Egypt. the Government of Brazil,
and among military commands, particularly those in the Middle East, North
Africa, Middle Atlantic, Caribbean, China-Burma-Indis, and Pacific Ocean
areas.  During one stage, direct contact with the General Stafl was required.

The main point of listing these relationships is to indicate that the total
operction was & good illustration of two principles of military preventive
medicine. The tiru, as pointed out in the Instory of the Medical Department

3%
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of the Army in World War 1" is that while most of the fimetious of the Office
of The Surgeon General are cancerned with technical, professional, nnd ad-
ministrutive mat ters nnder the command of The Surgeon General, the functions
of preventive medicine concern the administration af the Army as n whole, with
responsibility vesting fimlly upon militavy cammanders. The second prin-
ciple, valid in peace as in war, is that in dealing with a disense of hemispheric
distribution and potentiality for worldwide spread un effective preventive
program mnst seenrve intervatiomnl undevstanding and acceptauce, through
direct cantaet between experts, and nmnst have the informed sapport of the
highest governmental and military anthorities,

These principles were recognized in the planning stages of the Army’s
vellow fever preventian program. Nevertheless, they were overlooked in
some phases of operations, with resultaut delays in earrying ont portions of
the program, and hindranece of movement af troops, civilians, and snpplies.  In
the opinion of this author, these difficulties were attributable largely to the pro-
longed negotmtions that weve required ta seenre the direct internationnl com-
munication which was necessary far the hnrmonizing of conflicting regulntions
and diverse special interests. The necessity for finding the wny thrangh a
maze of chamnnels of slow-moving caommunication need not be repeated in the
future,

Before proceeding with an account of the control measnres and some of
the results of their application, it is desirable to review briefly the history of
yellow fever nnd its eonquest.  Fram this, it will be seen that nll of the essen-
tial information was available when the United States entered the war in

December 1941.

KNOWLEDGE OF YELLOW FEVER AND ITS CONTROL BEFORE
WORLD WAR II

Ever since its recognition as a distinct disease, in the 18th century, yellow
fever hus heen regarded as one of the great plagues of the world and as a
pestilence of enormous potential menace, A history of the origin and effects
of yellow fever, hy Henry Rose Carter,? publislied in 1931, contains abundant
evidence of the disastrous course of yellow fever. The account of the inflnence
of yellow fever upon the Cnban Cnmpaign in 1898-1900 and upon the con-
struction of the Panama Canal is a familiar stary. Fortunately, far all seek-
ing further knowledge of the modern conquest af this disease, there was pub-
lished in 1951 under the editorship of George K. Strode, a superh volume
entitled “Yellow Fever.” * This book presents particnlarly the part played
by the International Health Division aof the Rockefeller Foumiation. N.Y.,

' The Medical Department of the United States Army In the World War. Warhington: Govern-
meat Printing Odice, 1923, val. 1, pp. 245-280.

7Carter, Heury Rose: Yellow Pever. An Epldemiolegics] and Historical Siudy nf 1ts Place of
Origtn.  Baltimore : The Willlams & Wilkies Ce.. 1931.

s Atrede, George K. (e€ltor) : Yellow Fever. 1st edition. New York: McGraw Hill Beok Co..
iIne, 1961,
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during the past 30 years in the worldwide enmpnign ngainst yellow fever.
At the same time, it deals adequately with the enrlier work of Maj. Walter
Reed, MC, and Mnj. Gen. William . Gorgas, and treats the whole subject
broadly. It is appropriate iu referring to this volnme to acknowledge again,
ou behalf of The Surgeon (ieneral, the tremeudons service rendered duving
the war hy the Internatioual Ifealthh Division af the Rockefeller Fonndation
in providing not only vast cnntities of yellaw fever vaceine, hut also the
persaml services of its Director, Dr. Wilbur A. Suwyer, and of ather officers
and staff members af the Divisian, From the Division. the A1y eceived
teclmical information and advice which enabled the United States to veach
satisfactory ugreements with Grem Britain, Indin, Egypt, and other conntries
with regard to yellow fever quarantine and related matters,

In his chapter on “Lundnmrks in the Conguest of Yellow Fever.” in the
vohimie *Yellow Fever,” just cited, Andrew J. Wurren shows thar hy 1040
all the kuowledge esseutinl 10 1 modern control program had been extablished.
In simnnary, his main points are ns follows:

1. The proaf provided by the U.S. Army Yellow Fever Board in Cuba,
nnder Maj. Walter Reed, in 19001901, that yellow fever ix transmitted hy
n mosquito (Aedes aegypti) nnd that the cansative agent is nltrmmicroscopic
and filtrable. The final proof that the cansative ugent af yellow fever is n
virus was furnished in 1927 by A. Stokes, J. II. Baner, and N. 1. Iludson.

2. The discovery in 1927 by .\. F. Mahaffy and J. H. Baner of a suscep-
tible “lahoratory animal™ (Macaca rhesus monkey), and the discovery in 1930
by Max Theiler that white mice ure susceptihle to yellow fever virns,

3. The development of the mounse protection test by M. Theiler in 1931—
a test fanud ta be indispensable far epidemiologic snrveys as well as for other
immmmologic investigations.

4. The development of successful techniques for the eradication of the
urban vector, A. eegypti, applying particulnrly nutimosqnito methods for
“species sanitation,” us advocated by F. L. Soper and others,

5. The discovery of jungle yellow fever and its role in the epidemiology
of the disease. This resulted essentially from the work of Soper and his
associates in Brazil in 1032, and the reports of various investigntors, among
whom were C. B. Philip and J. H. Bauer. From 1925 through snbsequent
years, they reported that several species of Aedes. Haemagogus. E'retmapodites,
aud Tarniorhynchus mosquitoes were capable of trensmitting yellow fever.
In 1he course of these studies, it was shown that, in addition to mosqnitoes.
ticks of several genera and bird mites can be artificially infected with yellow
fever virus. Apperently, ticks and mites cannot transmit the infection to
mau, bnt the significance of the snsceptibility of rhese arthropods ix not yet
fully known.

6. The development of a relatively ximple and practicable wethal of
vaccination against vellow fever, haved upon the work of M. Theiler ¢ and
H. H. Smith in 1937, with the 17D strain (Asibi strain) of yellow fever virus.

¢ In recogonition of his great coatribution In this fleld, Theller was awarded 1he Nobel Prize In
1901 —K, B.J.
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Problenis of the coutvol of yellow fever are complicated by the geographic
distribution of the chief wosquito vector of the urbun form of the disease,
A. aegypti, thronghout vast arens where yellow fever oceurs aud vast aveas in
which it has net yet occurred.

Geographic Distribution of Aedes aegypti

The distribution of .. uegypti is shown by the shaded areas in map 10—a
vepraduction of the map prepared by Lavier uud Stefanopoulo ® based largely
on tlie monograph of Kumin® The lmbitat of this mosquito extends in a belt
around the worll between the parallels of 45° norvth latitude wud 40° south
lutitude. This hnge area includes the known endemic regions of yellow fever
in Central and South America and Africu, regions in which evidemics of yellow
fever have oceurved in the pust, as in the United Stutes, and in countries in
whiclh yellow fever has not occurred ; numely, India, Burma, Indochina, Malaya,
New Gninea, Australia, other islands in the South and Southwest Pacific, the
east coast of Chiua, Formosun, Koven, and Japan. In commenting on this, Dr.
R. M. Taylor of the International 11ealth Division of the Rockefeller Founda-
tion in u letter to this author, dated ¢ January 1950, wrote:

* ¢ * in recent years, Ctue to the unti-acgypti eampaign in fouth America much of
the area siiown on the map has now been ridded of this mosquito. Indeed, with the excep-
tion of parts of Central Amcrica and the United States, and possibly parta of Cuba and
certain of the Virgin Islands, the prevalence ol this mosjuito has been reduced to a point
that would not permit yellow fever virus, aithough introduced, to assume epidemic
proportions.

Experimentul tests ? have shown that A. aegypté from any of these regions
can be infected with the virus of yellow fever and can transmit the infection.
There is every reason to assunie that the human inhabitants of these nreas nre
susceptible to yellow fever, although the proof of this has not yet been brouglt
forth. The occurrence of 4. aegypti in densely populated areas thus far ex-
empt from yellow fever presents the menace of the disease to the Far East. For
many years, this lias been the reason for dreading that epidemics of yellow fever
of unprecedented (estructiveness might. occur among the millions of nonim-
munes in India and other conntries, if the infection were introduced among
them by imported cases of yellow fever or by infected mosquitoes. Protection
agninst this rick has been an objective of major concern to the Indian Govern-
ment ever since 1903 when Mansou called attention to the health hazards to
which the opeiring of the Panama Canal exposed the Far East. It has been the
basis of the long-continued rigorous quarantine regulations of the Indian

$Lavier. G.. and Stefamopoulo, G. J.: FRvoe Jaune. L'Eacyclopédie Médico-chirurgicale, 24
edilon. 1'arix. 12 1946C,

“Kemm. 11. W.: The Geographlcal Distribution of \be Yellow Fever Vectors. am. J. Hyg. Mone-
graph Keries No. 12, 1911,

TWhitman, L.: The Arthreped Vectors of Yellow Fever. In Yellow Fever (Georpe K. Btrode,
editor). 1st edition. New York : McGraw-Hill Book Co., Inc., 1951.
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Government, which in tnrn have influenced the regulutions of the British
Inter-Departmentnl Committee on Yellow Fever Control * and the quarautine
regulations of varions colonies of equatorinl Afrien, and of Egypt.

The distribution of this mosquito, 1. eegypti, determined international
und Army policies with vespect 1o yellow fever control.  The possibility, how-
ever remote, tlnt the Jupanese might introduce yellow fever into the ucific
uren had an infinence in 1941 npon the decision to ndopt yellow fever vaccina-
tion for the U.S. Army.

Endemic Areas

The endemic arens of yellow fever in the Ameriens nud Africn (maps 11
and 12) as delineated in the 258 June 1950 issue of the Weekly Fpidemiologieal
Record of WHO (World Health Organization) are ns follows:

The Amerlean Endemic Yellow Fever Area.—Thix area Isx bounded by a llne Inginning
an the Paclfic Const of Colombla ut the 3° N, parallel of latitude nnd extending east along
that parallel of latitude to the eastern slopes of the Central Cordillera to un elexation f
2,000 metres; thence southward along lhe easiern slopes 10 the Central Cordillern and
the Andes Mountalng, at the same elevallon to the bonndury of Bollvia and Argentloa;
thence eastward and northward along lhe sonthern nnd eastern bonndarles of Bolivia ta
the 153° 8. paralicl of latitude ; thence enstward along that parallel of latiti le to the western
boundary of the State of Golaz: thence northward nlong that bonndary und the western
boundry of the State of Maranhiio ta the Allantle Coast; thence along the Atlantle and
Carlbbean coasts of Amerlea to the eastern boundury of Coxta Rlea; thence along that
bonndary to the ’acific Coast nnd thence along the Pacific Coast of PPanama and Colombla
to the 5° N. parallel of latitnde. In addition, the Ithéus and Itabuna Districts In the State
of Bahln In Brazil bounded on the narth by the River Contas, on the west by the 40° W.
merldiun of longitude, on the ronth by the River Parde aud on the east by the Atlantic
e ure Incinded In the endemle yellow fever area. The ports of Belém and Manans
In Brazll, Cayenne In French Gulnna, Parawmaribo In Surluam, Georgetown In Britlsh
Gulana, the Caribbean ports of Venezuela and Colombla, the cilles of Caracas In Venezuela
and Bogotit In Columbin, togelher with the porls of 1he Repmblie of Panama nnd the
Panama Caual Zone are excluded frowm the ewdemlc yellow fever area. The continued
excluslon of these ports and cltles Ix, however, contlugent on their malntenance of an
Aedes argypti Index not exceeding 1 percent, as repsrted quarterly to WHO,

The African Endemie Yellow Fever Area.—From the moulh of lhe River Senegal
along that river eastward to the 15° N, parullel of lallthde ; thence eastward along that
parallel to the eastern border of the Anglo-Exyptian 8udan ; thence northward along the
northwestern boundary of Eritrea to the Red Nea Coast: thence routhward along the
eastern coast of Africa ta the narthern boundary of the Freuch Somall Coast : thence along
that hanidary successively westward., sonthward and eastward to the eastern coast of
Africa and thence along this coast to the sonthern boundary of the Protectorate of Kenya
thence westward alang that boundary and the southern boundary of Kenya Colony to lts
Jouction with the southern border of the Uganda I'roteclorale; and lhence along lhis and
the eaxtern horder of Ruanda Urnndl and of the Belginn Congo to the 10° 8. parallel of
latitude; thence westward along that paratiel to 1he wesl coasl of Afries : thence northward
along the west cvaxt of Africa to Lhe mouth of the River Senegal; Inchvling the Islands of
the Lulf of Lulnea: the whole terrliory of Nyusaland Protectorante, the Barotse PProviice
and the Ralovale District In the Western Proviiwe of Novthern Rhodesla, logether wllh

* Inter-Ivparimentat Commll(ee on Vellow Fever Con(rol. 4t Inlerim Report.  Miscrilaneous
No 38, Leamlon : Coloninl Office. Nepiember 1942,
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the terrltory to the Ranth of Bapstschind ying betweedss the 237 und 257 F, merldiang of
longltide down to (the 21° X qarallel of nthiade, ure also Inelinded In the endemle nren,
The port of Maxcawn ln Erltren sanl ane apsm 10 Kilometres i railing from (he contre of
the town of Avsinarn In Erliven, ug wetl ax e territory of the Freneh Sowali Const, Inelod.
e the port of 1ibod, wre oxcluded from the emdemie nrea. ‘The cemtiniesd exeluslim
of these urens, Ix, however, coitlngent on thelr nmlntemnnee of an Losies acgppti hddex i
exeerdlng 1 opereent i the port of Massasn, noand aramd Asaara omd e port of
DJilwartt, s reported quarterly 10 WHO,

Tu 1941, the endemie arvea of yellaw fever in Central and Santh Ameriea
tmap 11 was clenely defined, and protective vaccination and other measures
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of protection for troope stationed in or passing throngh those areas wers an
easily demoustrable necesgity. .\s pointed out by Col. Phillip T. Knies, MC,*
however, numerous difficulties arose in relations with the Brazilian Government
over regilations designed to prevent the intraduction of possibly infected mos-
quitoes into Nalal and ofher eastern Brazilian ports by airplanes,

® Kotes, Poillip T.: Forvigu Quarantine. o Medicnl Department, 1'nlted Staten Army.  Preven-
tive Medicine in World War 11, Volame 1. Environtmental liygisne. Washl : 1.8 Guver
’rinting Ofes, TRAS, pje. 271 324,
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The severe outbrenk of yellow fever in the Anglo-Egyptian Sudan in
1940 ' alarnined the world, as it indicated virulent extension of the disease
toward the East Const of Afrien and possibly to Egypt. It is to he recalled
that in 1941 and 1942, the success of the Germuan nrmies in North Africa forced
an nrgent effort by the United States to establish air transport routes across
equatorinl Africn, froni west to east, as supplement to the Mediterranenn-Snez
route. Hence, all precnntions of vaccination and quarantine were applicable
to these nreas. At the time when they were institnted, the full disclosure of
the endemic African yellow fever area (map 12) had not been made becay
the imnnmologic snrveys of British organizations in collkboration with t:e
Internntional Henlth Division of the Rockefeller Foundation were still in
progress.  Map 12 shows that the resnlts of these snrveys made from 1942
to 1950 extended the aren both eastward to the coasts of Kenya, Somalin,
Ethiopia, Somaliland, Eritren, to the southern border of the Belgian Congo,
and to an avea in Angola, Northern Rhodesia, and Beclmanaland. It is on
the basis of these disclosnves, and the more recent knowledge of the prevalence
of yellow fever in West Afrien, thnt the stutenent was made earlier in this
chapter that the exposure Lo yellow fever of military and associated personnel
had been greater than was known at the time. In snpport of this opinion,
the following is qnoted from a letter dated 9 January 1950 from Dr. John (',
Bugher of the staff of the International ITealth Division of the Rockefeller
Foumdation:

Most of these outhreaks and especinlly the onex in Gold Coast and Nigeria were in
regions in which the alreraft In the ferrying operations made thelr chlef stops. In my
opinion, the risks of conlact with yeilow fever duriag the war were considernbiy greater
than were ti:zonght a1 the time the precautionary mensures were estabiished and the fact
1hat no ensen occurred among American personnel 1und there wan ao evidence of any spread
of the dlsease dne to alr tranusport speaka for the efficiency of the meannures in foree nal
the time,

With this review and general siatement as a backgronnd, it is uppropriate
now to retnrn to an accamnt of activities and events in the Army's program
of prevention and control of yellow fever,

DEVELOPMENT ON CONTROL. PROGRAM IN THE ARMY

On 24 February 1940, when Calonel Sinmons was nssigmed as Chief, 1°re-
ventive Medicine Section (luter Service),”” Office of The Surgeon General, the
wir in Enrope lind been in progress for nbout 6 months und the posssible invalve-
meni of the United States in a war that might. become global was anxiously
considered by thonghtful people. The possible need for immumization of
military personnel ngninst. yellow fever and the need to plave the military
farces in position fa comply with international quaraniine regulations, par-

= Kirk., R.: Epldemie of Yellow Fever In Nuba Mountalnn, Anglo-Fgypllan Rudan. Ann. Trop.
Med. 35: 67 112, October 1841,
" Ofice Order Na. 20, Ofice of The Sargeon General. UK. Army, 26 Feb. 1840,
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ticnlarly those of Great Britain and India, were foreseen hy Colonel Simmons.
He began at once to develop a program for recommenclation to The Surgeon
(ieneral for adoption for the Aimy. He was exceptionally well equipped to
do this thirongh his scientitic researches, experience, and personnl associations
with the members of Army und civilian groups that liad been engnged for years
in work on yellow fever.

It is important to uote that the progrum was developed not exclusively
by Army personnel, but, in necordance with traditions stemming from Brig.
Gen. George M. Sternberg, by consnltation and collaboration with civilian and
governmental ngencies and by seenving the patriotic assistance of the ablest men
in the field.

The first formal conferences on the subject were held at the request of
Colonel Simmons in May and June 1940 by the Connnittee on Chemotherapeutic
and Other Agents ' and the Advisory Committee on Tropical Diseases ' of
the National Research Conneil.  Thus, before the entry of the Uaited States
into the war, a pattern of comprehensive collaboration was established.
Throughout the war, there was uo deviation from this design, By following
it, incalenlably valmable assistance and strength were woven into the preventive
medicine structure of the Army,

The main elements of the yellow fever control program of the Army were
as follows: (1) Exact, anthoritative, enrrent. technical, and epidemiologic
information; (2) vaccination agninst. yellow fever; (3) antimosquito meas-
nres, both general and specifie, inclnding disinsectization of aireraft, ships, and
other transport: (4) quarantine: and (3) adjnstment of conflicting regula-
tions relative to yellow fever.

Vaccination

Vaccination against yellow fever has been discnssed in detail by Col,
Arthur I, Long, MC.** The volume “Yellow Fever” contains not only a chap-
ter on this subject but. also a complete presentation of the work of the Interna-
tional ITealth Division of the Rockefeller Foundation on investigations of
vellow fever virus, and the development and use of the modified 17D (Asibi)
strain, which was the virus-vaccine adopted for the Army on 30 Jannary 1941,
These comprehensive pulidlications make it unnecessary to review in this place
the scientific and adnministrative aspects of the program of yellow fever vac-
cination in the Army. The success of the program has been discuseed in pre-
vious paragraphs of thischapter.

Although a 1iletsiled report of the ontbreak of lepatitis associated with
vaccination against yellow fever is made nmnecessary hy other articles on that

12 Mlunten, Meetlng, Commitier on “hemotherapeutic and Other Ageata, Nutional Resrarch
Counetl, Diviston of Medienl Sciencen, 28 Muy 1940,

2(1) Minuten, Meetlng, Advisory Committer wn Tropical Diseases of 1hc National Rescareh
Council, 19 June 1840,  (2) Minnten. Meetlng. Rubcummitier on Tropical Diseases. Division of Medical
Releares, National Rewearch Conncil, 30 Jnly 1940,

" Loag, Arthur P.: The Army ) Izntion P fn Medical epartmenl. 1'nlled Stutes
Army. Preveative Medicine In World War 11, Volume 151 'ersonal Health Measures and Immunlza-
tion. Waebington : 1°.#. Governwent I'rinting Office, 1833, pp. 271 343,
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subject, nevertheless, a snmmary of the experience, with smne additional nm-
terial, is approprinte in this place.

Outbreak of Postvaccination Hepatitis

In 1942, the yellow fever vaceination program wus nearly wrecked hy the
Avmy-wile ontbrenk of hepatitis (jnnndice) which followed (he administra-
tion of certain lots of the vaceine prepared by the Internntionnl ealth Divi-
sion of the Rockefeller Foundation.  This onthirenk of hepatitis has been fully
described by Colonel Long,'> by Panl and Gundner,™ and by Walker.'? At the
time of the outhrenk of hepntitis, the Army Epidemiological Board was in
operation.  Full nse was 1izade of the Bonrd nud of some of its Commissions
to attnck the problem in snpplenenttion of the work of Army personnel in
military camps and laboratories.  Expert ndvice on policy and procedures was
thus obtnined. From the investigntions inderinken by the Board and Com-
missions, aud continied since 1942, nu nlmndanee of new scientific informatcion
nbout hepntitis has been obtained, of great valne to civilian and military
wedicine.  For many details, the reader is referred. in addition to the sources
just eited, Lo the monographic publications of W, A, Sawyer and associates.'

The ontbrenk of hepntitis, called simply “janndice™ at the stnrt, hegan
in Febrnary 1042, almaost siniultineonsly among troops at stations far apart—
in the continental United States, in Latin Awmeriea, in Hawaii, in varions
islands of the Pacific, and in Bimrmna. It ocenrred liter smong troops in Europe.
in North Africa, in Alaska, and in many other loeations,

The penk of the onthreak of postvaccinal hepatitis was reached in the
Inst week of June 1942, and the whole was contnined within the year 1942,
From Iate February to 31 December 1942, there were reported 49,111 eams of
hepatitis with 81 deaths It is known to this antliar and to others that there
were many nnreported cases of mild or nonicteric hepatitis (possibly several
thonsand) following the administration of certain lots of vellow fever vaccine,

On the hasis of previons knowledge and ciremmstantial probabilities. it
was decided in April 1942, at the Office of The Snrgeon Genernl, that this
ontbreak of hepatitis was due ta the small amount (04 ee.) of human serum
which was in each dose of vaccine. The previons knowledge about “serum
janudice,” or hepatitis, assn-inted with yellow fever vaccine containing human
serum was derived from expericices with this type of vaccine in Afries and
Brazil before 1942, The circinstantinl evidence that the vaceine was ictero-
genic was provided by a great mass and variety of epidemiologic dnta from

* flee fontante 14, p. 308,

" nul, dohn R, and Gardeer, Horace T.: Vieal Mepadltin. o Mediral leparineent. 1'abed
States Arms. Prevenlive Medicine In World War 11, Volume V. Commuaicuble 1Msrases, Warking-
ton: U.R. Governmenl I'riuting Ofice. 1%00. pye. 401 482,

T Walker. 10. W.: Some Epldembilogical NAspects of Infretions Mepa@itis in dhe UK. Army.
Noem. J. Trop. Med. 23: 75 82, March 1843,

“Rawyer, W. A, Meyer, K, ', Eadon. M. D,, Bawer. 1. Ii.. I'n(nam, }*,, and Rehuenther, F. P
Juundice In Army 1%ersonnel In (ke Wenteris Reghm of the Undird NXtates and [( Reiation to Vacrina-
thon Agalnsl Vellow Fever. PFart b Awe J. fiyg. 39 337 430, May 1944, nud 1®srees 0], 100, and IV,
Am. 3, Hyg, 40205 107, July 1),
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Ay posts and eamps. Preponderautly, ouly the vaceiunted had hepatitis
und jaudice while the nonvaceinated in the sume locution were not affected.
The enrves or forms of the ontbrenks of hepntitis ocenrring from Y0 to 126
days after vaccination were small replicas of the vaecination schedules, a
simple relationship which this nuthor culled *“pictorial epidemiology.” The
experimental proof that n eertain lot of vaccine was icterogenic was not pro-
vided antil 2 yenrs hater wheu human vohwmteers, injected with this nmterinl,
developed hepatitis after the expected long incubution period. Althongh a
long time was required to axsemble all the evidence, the case was cousidered
to be sufficiently established by 15 April 1942 (abont 6 weeks nfter the begin-
niug of the ontbreak) to reqnive discontinnation, at least temporarily, of the
sernm-containing vaccine prepured by the Internaotionn] Health Division Lob.
oratovies of the Rockefeller Foundation, and to nse instend the agueons-Imse,
sermm-free vuceine prepared by the Rocky Mountnin Labomtory, Hawilton,
Mont., of the U.S. Public Iealth Service. The International Henlth Divi-
sion Laboratories of the Rockefeller Foundntiou quickly tnrned to the manu-
facture of aqueous-Inse, sernin-free vaceine, und large qnantities of this vac-
cine were then produced for nse by the Armed Forees. Thereafter, there
were na proved rases of hepntitis associated with the administration of this
vaecive,

As it had been kuown that hnman sermm might contnin the virns of hepa-
titis, it was believed that hy enrefnl selection of danors and by heating the
sernm at 56° C. for one-half hour, the risk would be grently reduced and the
virns, if present, would be inactivated. Both precautions had heen obsevved.
Neither proved to be adequate. Histories are nureliable gnides for deciding
whether or not an individml mny be enrrying the icterogenic agent in his
blood, Later, it was found that the agent is hent resistant and is not inac-
tivated hy exposnre to a temperature of 56° C. for one-half hour.

As the vaccine contnined viable (attennated) virus, the suspicion that
the onthreak of janndice follawing vaccination was yellow fever arose at
once. Only those who had to deal with the situations can appreciate the
nlarm, fears, and stress which this suspicion aronsed among civilian and mili-
tary henlth officers in the Mississippi Valley in the spring of 1942. The dread
of epidemic yellow fever, recalling the disaster of 1878, was oppressive. Re-
assurance was available, during one stage of uncertainty, from the studies
made earlier hy members of the staff of the International Health Division
of the Rockefeller Fonndation. They had shown that, althongh active yellow
fever virns appeared for a short time in the blood of men and animals vac-
cinated with the 17D strain, it conld not be spread by A. aegypti mosquitoes
fed upon such snbjects®

As may be readily appreciated, the ontbreak of postvaccinal hepatitis in
the Xvmy in 142 net only affected militnry operntions bnt also involved in-

wgnithburn, R. C.: Immunology. In Yellow Fever, (George K. Strode, aditor.) 151 edition.
New York: McGraw-[111 ook Co., doe, 1931,
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numeranble relationships of the highest importance within the Army and the
Government. It was of major concern to relations with health officers of the
States and with military and civilian officials overseas?

Quarantine

Quarantine aguinst yellow fever and other diseases was a field of major
concern to the Preventive Medicine Service. Colonel Knies** has reperted at
length on the problems, regulations and administration, and the complexities
of the national and international relations involved when worldwide military
operations come into contact with the civilian commerce, politics, anil health
protection policies of foreign countries. One section of the chapter deals with
yellow fever quarantine. It is so complete thut little needs to be added here.

The main diflerences with respect to yellow fever quarantine were bet ween
the requirements of the Government of India, with its associated agencies,
such as the British Inter-Departmental Committee en Yellow Fever Control,2
and the requirements which the U'nited States regarded as scientifically justi-
fied and reasonable. Colonel Knies covers these differences in detail. Suffice
it to note here that until 1944 the Indian Govenunent required for entry from
or through an endenic area of yellow fever (1) vaccination 16 days previously,
and (2) revaccination at the end of 2 years. The opinion of the Preventive
Medicine Service based upon reports and advice from Dr. Sawyer (p. 359) was
that imniunization could be considered to be established 10 days after vaccina-
tion and lasted for 4 years or longer. Convinced on both points, The Surgeon
General desired to remove this hindrance to troop movements toward India
and resisted a foreigm regulation that would have required revaccination of
the military forces in 1943 and thereafter.

There were prolonged negotiatians over these differences of policy. From
1941 to 1943, the negotiations were conducted through the Department of State,
without results and with great loss of time. Later, arranzements were made for
direct communication and personal conferences in this country and abroad.
In the midst of the difficulties, in 1943, & high official of the General Staff said
to this author that he thought that “after all the matter was a technical dispute
between doctors, and had better be settled directly.” This appreciation of the
fact that troop movements, cargo shipments, and travel of many persons might
depend upon data and statements emanating from humble scientific laborsa-
tories was most welcome, though belated. This point of view facilitated the
development of the foreign quarantine program as a whole. It led directly
to favorable adjustments with India through the visit of General Simmons to

® See footnote 16, . 367,
R fiee footnote 9, p. 344.
o See footnote 8, p. 362.

718-751"—84——26
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New Delhi in 1843.% and with Great Britain and Egypt through the visits of
this author to London in 1943 * and to Cairo in 1944,

The opinion of the Preventive Medicine Service with respect to immuniza-
tion against yellow fever has been amply supported by the results of further
investigations of the International Health Division of the Rockefeller Founda-
tion, which was the scientific gunide throughout the controversy. Summarizing
the present knowledge on the subject, K. C. Smithburn * has stated that pro-
tective antibodies occur in the blood af human beings 10 days after vaccination
against yellow fever, that the protective antibodies induced by the virus-vaccine
usually persist for at least 6 years, and that it seems not unlikely that the im-
munity is as enduring { possibly lifelong) as that evoked by an attack of yellow
fever.

SUMMARY

In this chapter, an attempt has been made to summarize modern knowledge
of yellow fever and to show its relation to the yellow fever control program of
the Army. In doing so, the chapter has been prepared, in part, as a supple-
ment to the basis chapters on immunization and foreign quarantine by Long
and Knies, respectively. In supplementing those chapters, additional material
has been added to the accounts of both the general and specific aspects of the
preventive program and the events of its operation. The opinion is ventured
that all the main elements of the program were necessary and that the program
was carried out effectively and beneficially, even at the cost of the outbreak of
postvaccinal hepatitis in 1942. No doubt the operation prevented some oc-
currence and spread of yellow fever and diminished risks to heaith. Whether
it prevented the introduction of yeliow fever into India and the Far East is a
claim that no one can make with assurance. No one really knows the nature
of the barrier that keeps yellow fever out of those regions. Therefore, it
behooves officials of preventive medicine and quarantine to be reserved and
curious before this mystery, trusting that it may conceal some principle yet
to be discovered which when known will immensely strengthen protection
agninst disease.

® Briz. Gea. James 8 Simmons rvisited New Delhi and eonferred with representatives of the
Indisn Goverament as well as with military anthoeitics, during August and September 1943, There
were numerous communications from General Simmoovs to The Surgeon Gemeral, U8, Army, for the
Preveatlve Medicine Bervice, dealing with policies and regulations for vacciaation agalast yellow
fever. Of these, two of the most generil and lmportant were radiograms CM-IN-18119, 22 Bept. 1943.
and CH-IN-16172, 22 Sept. 1943,

» Reports, Col. 8. Bayne-Jones, MC, to The Burgeon General, U.8. Army, dated 28 Dec, 1943 and
7 Feb. 1944, subject : Yellow Fever Quarantize Regulations,

= Memorandum, Brig Gen. B. Bayse-Jones, Deputy Chief, Preveative Medieine Division, fer The
Burgeon Gemeral (Throagh Chief, Preventive Midicine Service), 24 Apr. 1944, subject : Modifeation
on Egyptian Governmeat's Rogulations en Yellow Pever Vaccination.

% See footnote 19, p. 368,
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