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20. Currently available deodorant soaps do not prevent skin infect ions,
but chlorhexidin e gluconate looks promising.

Epidemic furunc ulosis Is related to close social contact , and may
be more common than most physicians realize. Early treatment with
antibiotics plays a significant role in prevention of new furuncles among
contacts. Ant ibiotic resistant strains of bacteria pose new problems
in cutaneous microbiology.

Severe fungal infect ions of the skin may attack up to 70% of military
personnel in hot hum id environments. Occlusion is the most significant
factor , and appears to be related to accumulation of CO2 under damp
clothing. (~Cing-et—ab.-~---Letterman Army Institute of Research).

Combined therapy of tinea corporis/cruris with topical miconazole/
hydrocortisone is highly effective. Hydrocortisone alone makes these
infections worse in the tropics. Topical clotrimazole is effective in the
treatment of dermatophytosis , but tinea pedis is difficult to treat and
usually recurs.

U1tramicro~ l~~ d grtseofulvin ( PEG-500) is as effective as twice the
dose of microsize ~çiseofulvin in the treatemnt of T. pedis. Both are
more effective than ~1acebo pills, but clinical response is slow, and only
part ially successful . A nystat in/tolnaftate cream was effective In treat-
ing tinea cruris, but a 5% allergic reaction rate to the th imerosal pre-
servat ive rendered it unacceptable in this form.

Flower vases In hospitals represent a significant reservoir of op-
portunistic gram negat ive bacteria, many of which are resistant to ant i-
biot ics. Flowers should not be introduced in high risk areas ,

Aeromonas hydroph ila, and other aquat ic bacteria pose a threat to
persons Injured in wet terrain. It was the most predominant pathogen
among survivors of a jet crash in the Everglades , and has been reported
in at least 16 more cases in Florida. -

Selective cultur e media for Streptococcus pyogenes, Staphylococcus
aureus, dermatophyt e fungi and Cand Ida albicans have been developed.
I~ sslcated swabs may be used for streptococ cal pyoderma in lieu of fresh
media . Archaic diagnostic methods for fungal infection s require exper-
ience. New techniques for unskilled investigators are needed.

The inc idence of common skin infections In hot humid climates can
be predicted from data accum ulated under this contract. L ittle accurate
data is available for desert conditions (cantinu~d on n~’~~ pag~~
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and local endemic areas of exotic diseases. Cold and temperate climates are no~conduc ive to high attack rates of skin infections.
Most cases of skin infections in military populations are not seen by derm-

atologists. Technology transfer to “front lIne ”med[cal personnel is needed.
Strict precautions to avoid infections among field team s in the tropic s are

successful If rigidly enforced. 74% of team members not on precautions, de-
veloped dlarrheal disease, compared w ith 6% among teams on pre~~ ut lons. 12%
of unprot ected personnel developed hepat itis. There were no cases among teams
on precautions.

In spite of extensive work on the etiology, prevalence, incidence and epi-
demiology of common skin infections In the tropics, clinical implementation of
exist ing knowledge, method s of diagnosis, and particularly prevent ive measures
lag far behind. The global profile of hazards is still incomplete. A strong mil-
itary/civilian research programme in dermatology remains a desirable and nec-
essary component of the U. S. Army R & D structure.

Combined field operat ions by elite military /civ-ilian teams have proven to
be a cost effective use of R & D dollars.
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SUMMARY

Bacterial skin Infections in the tropics are the predom inant cause of dermato-
logical disease In civilians and are directly related to temperat ure, humidity, ex-
posure, and living condit ions. Substandard housing and poor hygiene, bit ing and vec-
tor insects contribute to h igh rates of infection. Tropical skin infections are usually
streptococcal. In military populations, personnel on field operations are at highest

risk. Supp ort troops, even In the tropic s,have a much lower inc idence of strep-

tococcal pyoderma.

Currently available deodorant soaps do not prevent skin infections , but chior-
hexidlne glucoriate looks promising.

Epidemic fur unculosts is related to close social contact , and may be more corn -
mon than most physicians realize. Early treatment with antibiotic s plays a slgnifi-
cant role In prevention of new furuncles among contacts.

- Antibiotic resistant strains of bacteria pose new problems In cutaneous micro-
biology.

Severe fungal infections of the skin may attack up to 70% of military personnel

in hot hum id environments. Occlusion is the most significant factor , and appears

to be related to accumulat ion of CO2 under’ damp clothing. (King et al. , Letterman
Army Institute of Research).

Combined therapy of tinea corporis I cruris with topical miconazole I hydrocor-

tisone is highly effective. Hydrocortisone alone makes these Infections worse in the
tropics. Topical clotrimazole is effective In the treatment of..dermatophytos[s, but
tinea pedia is difficult to treat and usually recurs.

Ultra mLcrosized grlseofulvin (PEG - 500) is as effective as twice the dose of
microsize griseofulvin In the treatment of T. pedis. Both are more effective than
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placebo pills, but clinical response Is slow, and only partially successful.

A nystatin/tolnaft ate cream was effective in treat ing tinea cruris , but a 5%

allergic reaction rate to the thimerosal preservative rendered it unacceptable In

this form.

Flower vases in hospitals represent a significant reservoir of opportunist ic gram

negat ive bacteria , many of which are resistant to antibiot ics. Flowers should not

be introduced in high risk areas.

Aeromonas hydrophila, and other aquatic bacteria pose a threat to persons injured

In wet terrain. It was the most predominant pathogen among survivors of a jet crash

In the Everglades, and has been reported in at least 16 more cases in Florida.

Selective culture media for Streptococcus pyogenes, Staphylococcus aureus,

dermatophyte fungi and Candida albicans have been developed. Dessicated swabs may

be used for streptococcal pyoderma in lieu of fresh media. Archaic diagnostic meth-

ods for fungal infections require experience. New techniques for unskilled Investi-

gators are needed.

The inc idence of common skin infections in hot humid climates can be predicted

from data accumulated und’ .’ this contract. Little accurate data is available for des-

ert conditions and local endemic areas of exotic diseases. Cold and temperate climates

are not conducive to high attack rates of skin infections.

Most cases of skin Infections in military populations are not seen by dermatol-

ogists. Technology transfer to”front line’lnedical personnel is needed.

Strict precautions to avoid infections among field teams In the tropics are sue-

cesaful if rigidly enforced. 74% of team members not on precautions, developed

diarrheal disease, compared with 6% among teams on precautions. 12% of unpro- 
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1tected personnel developed hepatitis. There were no cases among teams on pre-

cautions.

In spite of extensive work on the et iology, prevalence, inc idence and epidemiology

of common skin Infections In the tropics, clin ical Ixnplernentatlon of existing know-

ledge, methods of diagnosis , and part icularly preventive measures lag far beh ind .

The global profile of hazards Is still incomplete. A strong military/cIvilian re-

search programme In dermatology remains a desirable and necessary component of

the U. S. Army H & 1) structure.

Combined field operations by elite military/civilian teams have proven to be a

cost effective use of H & D dollars.
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FOREWORD

This final report covers a five year period from June 1971 to May 1976.
Complet e account s of the work performed may be found In the Annual Progress
Reports for these years. An attempt has been made here to consolidate the findings
under the most appropriate headings relevant to military disability, and where nec-
essary to modify opinions in the light of more recent knowledge.

Although this contract was term inated in May 1976 , we have cont inued to pur-
sue research on skin infections in the tropics , and where applicable , further infor-
mation has been added to th Ls report which will not be found In previous reports.
Data derived from more recent studies is so indicated.

In conducting the research described in this report , the Investigators adhered
to the “Guide for Laboratory Animal Facilities and Care ”, as promulgated by the
Committee on the Guide for Laboratory Animal Resources , National Academy of
Science, National Research Council.

In the conduct of clinical trials overseas , written protocol s were subm itted to
and approved by the Minist ry of Health , and/or the appropriate Surgeon General in
the case of military populations in each host country. In every instance an approved
physic ian of the host country was requested by us and assigned as monitor for the
host government. Additionally, permissions were obtained from the host country pro-
fessional bodies , who also reviewed protocols. Local physic ians were briefed and In-
vited to monitor our studies. Informed consent was obtained from partic ipant s In
their own language or dialect , and no deviations from accepted protocols were per-
mitted. All data was made available to host government s, who received a preliminary
report and debriefing prior to our team leaving the host country, and a final written
report of the study following data analysis. Training opportunities were offered to any
personnel assigned by host governments and universit ies. All local laws and customs
were strictly observed.

L. - 
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~



— . , -  —
~~~~

- --—-.-.—-- -
~ -—— . .—

~~--— ----.- ~~.- -—--—~~
—.--.—— 

~‘~~
--

~~
- - - - - - - - -

~~~
- - -

TABLE OF CONTENTS

Background 1

Fungal Infections. Epidemiology.

Venezuela 5

Colomb Ian Army 5

Costa Rica 8

Funga]. Infections. Therapy.

Clinical Trial . Clotrimazole. 9

Clinical Trial. M iconazole /Hydrocortlsone. 11

Clinical Trial . Gris-Peg griseofulvin. 12

Bacterial Infect Ions. Epidemiology.

Streptoc occal Pyoderma

Colombia 14

Panama 24

Costa Rica 33

Epidemic Furunculosis. Florida. 46

Bacterial Infections. Prevention.

Streptococcal Pyoderma

Clinical Trial. Antibacterial Soap. Arizona. - 54

Clinical Trial . Chiorhexidine Gluconate.
Costa Rica. 66 

-



TABLE OF CONTENTS continued

Bacterial Infections. G ram Negat ive BacterLa.

Flower Vases In Hospitals. 73

Wet Terrain Injuries. Florida . 74

Diagnostic and Field Methods. 87

Safety and Health of Field Teams. 89

Acknowledgements. 94

Key Words. 97

Ii 

vi



- - — - - - — -—----. .---—-—— _- --,—.--- 
~~~‘ —-- ~~~~~~~~~ - -~~~- - —~~~- - ——--

~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- • ----~~~.~~~~~~— -~~ ~- —- - - - -  ~~~~~~~~~~ - --— - -~~~~ —

PVBLICATIONS

Papers-orL giflal r~p~orts

Blank , 11.. Taplin. I) . , and R oth . F. J . . J r . :  Electron Mic roscopic
Observations of the Effects of Griseofu lvin on Dermatop h yt es. A M A Arch.
Derm. 8 1:667-680 . May 1960.

Sarkany . 1. . Taplin, I). , and Blan k , II .  Erythra sma-Common
Bacterial Infection of the Skin. .JAMA 177:130-132 . July 1961.

Taplin . D. and Blank , II .  Micr oscopic Morphology of Trichop hyton
rubru m. J. Invest. Derni . 37 523-528 . Dec. 1961.

Sarkany, I . ,  Tapl in . D. and Blank , H . :  The Etiology and Treatment
of Erythrasma. J. Invest. Derm . 37 :283-290 , Oct. 1961.

Sark any . I . ,  Taplin , D., and Bl ank , H . :  Erythra sma , A Bac terial
Disease. Proc . XII  Internation al Congress of Dermatology . Washin gton ,
DC . pp. 1010-1012 . Sept . 1962 .

Sark any. I . ,  Taplin , 1). • and Blank , H . :  Inc id ence and BacteHology
of Erythra srna. Arch Derm. 85:578-582 . May 1962 .

Bl ank , I I . ,  Rosenberg, E. W . and Taplin , D.:  An Electronic Device
for Measuri ng Sweating and Curaneous Water Loss. Advances in Biology
of Skin , Vol . 111. pp. 97-107 , 1962 .

Sark any , I . ,  Taplin , D. ,  and Blank , H. :  Organism Causing Eryth-
rasma. Lancet (7250) :304-305 , Aug. 1962.

Taplin, D. . Rebell . G. • and Zaias , N. :  The Human Skin as a Sourc e
of Mima-Herellea Infections. JAMA 186 :952-955 , Dec. 1963.

Blank , I I . ,  Zatas , N. , Taplin , D., and Rebell , G.:  Swampfox II .
Republic of Panama , Medical Research Report. Walter Reed Army
Institute of Research , April 1964.

Zaias , N..  Tapl in , D. and Rebell , G. :  Pitted Keratolysis. Arch.
Derm . 92:151-154 . Au gust 1965. -

Tap lin , D. . Zaias , N., and fl~ b ’Il , C. :  Envir onmenta~ 1nfluc flCC3 on
thc Mfr robiology of the Skin. Arch. Environ. Health 11:546- 550 , Oct 1965.

Zaiss , N. • Rebell , C., and Tap lin , D.:  Microsporum r iva l ier i
Vanhr~ uMeghcm leolated from Tinca (‘apit is In Florida. Sa~~u raud ia 4 ’2 Ol-2 O4 .
1 !I(;r~.

—— 
~~~~~~~-::: 1 1  - - - A



-~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

Tapl in, D.:  The Use of Gentamicin In Mycology Media. .J. Invest.
Derm . 45:549-550 , 1965.

Zaia s, N. and Tapl in, D.:  Improved Preparation for the Diagnosis
o~ MycologIc Diseases. Arch. Derm. 93:608-609 , May 1966 .

Taplin , D. and Zaias , N.: Trop ical Immersion Foot Syndrome.
Mil itary Medic ine 131:814-818 , Sept . 1966

Zata s, N.,  Taplin, D. , and Rebell, G. :  Evaluation of Microcrystalline
Griseofulv in Therapy In Tinea C~~itis. JAM A 1~~~:8O5-807. N ov. 1966 .

Ehrenkranz , N. J. , Taplin . D. , and Butt , P.: Antibiot ic-Resistant
Bacteria on the Nose and Skin : Colonlzation and Cross-Infection. Ant im icrobial
Agents and Chemo. 1966 .

Tapl In, D., Zaias , N . ,  and Rebell, G. :  Skin Infections In a Military
Population. Development s in Industrial Microbiology ~:3-12 , 1967.

Tapl in , D. , Zaias , N.,  and Rebell, G.:  Infection by Hippelates Flies.
Lancet II (75 13):472 , Aug. 1967.

Taplin, D.,  Zaias, N., and Blank , H.:  The Role of Temperature in
Tropical Immersion Foot Syndrome. JAMA ~Q~ :546-549 , Nov. 1967.

Ward , C.G. , Clarkson , J.G. , Taplin, D., and Polk, H. C. , Jr. :
Wood’s Light Fluorescence and Pseudomonas Burn Wound Infection. JAMA ~Q~:1039-1041 , Dec. 1967.

Taplin. D. and Zalas , N.:  The Etiology of Pitted Keratoiysis. Proc.
XIII Congressus Internationalis Derrnatologias , Munchen, 1967.

Davis, C. M . ,  Fuighum, D. D., and Tapl in, D. : The Value of Neomycin
in a N e omy cln-Steroid Q eam. JAMA~~~~:298-300 , Jan. 1968.

Zaia s, N.,  Ioannides , G. ,  and Tapl in , D.: Dermat it is from Contact
with Moths (genus Hylesla) . JAMA 207 :525-527 , Jan. 1969.

Taplin , D., Zatas , N., Rebell, G.,  and Blank, H.: IsQiatloti and
Recognition of Derxnatophytes o~i a New Medium (Dm1). Arch. Derm. 99:203-
209 . Feb. 1969.

Zaia s, N., raplin, D., and Rebell, G.: Mycetoma. Arch. Derm . ~~:2 15-225, Feb. 1969.

_____________________________________________________  
____



_____ 
-. ---_ ---

~~~
--..

~~~ 
—_

~
__ _

~-w~~~~~- ~~~~~~~~~~~~~~~ 
—.-- —-~~~

----- .----- - 
~~w~_’~-~~~~~~ -1T 1

Blank , H. ,  Taplin , D.. and Zatas N. : Cutaneous Trlchop hyt on mt ’ntagro-
phytes Infections in Vietnam. Arch. Derm . 99:135-144 , Feb. 19t~9.

Polk, H.C. , Ward , C.G. • (iarkson , J .G. ,  and Taplin , I). : Early I)~t-
ection of Pseudomonas Burn In fection. Arch. Surg. 98:292-295 , March 1969.

Tapl in, D. , Allen , A. M. and Mert z , P. M. :  Experience with a New Indi-
cator Medium (DTM ) for the Isolat ion of Dermatophyte Fungi. Proc . Internat.
Symp. Mycoses PAHO 205, 1970.

Kelly, C. , Tapl Ln, D ., Allen, A. M. :  Strep tococcal Ecthynia , Treatment
with Benzathine Penicillin G. Arch. Derm. 103:306-310 , March 1971 .

Allen,A.M. , Tapl Ln, D. • and Twigg, L.,: Cutaneous Streptococcal
Infections in Vietnam. Arch. Derm. 104:271 -280, Sept . 1971.

Taplin , D. • Bassett , D. C. J. ,  and Mertz , P. M . :  Foot Lesions AssocLat ’d
with Pseudomonas cepac ia. Lancetll : 568-57 1 . 1971.

Polk , 1!. C . ,  Ward , C . G . ,  Clarkson , J.G. • and Tapt in , D. :  Ultraviolet
flourescence of Pseudomoria s aeruginosa : An Aid to the Diagnosis and Treatment
of Burn Wound In fection. Research in Burns , 1971 .

Davis , C. M . .  Garcia , R. L..  Riordon , J. P. • and Taplin , D.: Derrnato-
phytes In Mil itary Rec ruits. Arch. Derm. 105:556-560 , April 1972 .

Nsanz umuhLre , H. . TaplIn , D. ,  and Lansdell , L.: Pyoderma Among
Ugandan Children. East African Med ical J. 49:84-88 , Feb. 1972 .

Tapl In , 0.: The Use of Antibiotics in Dermatology. Advances In Biology
of Skin, ~~armacology and the Skin, Vol . XII . pp. 3 15-323 , 1969.

Mien. A. M. , Tapl in , D., Lowy, J. A.,  and Twlgg, L .:  Skin Infections In
Vtetrnan. Military Medic Ine 137:295-301 . August 1972 .

Tapl in, D., and Lamd ell, L.: Value of Desiccated Swabs for Streptococcal
Epidem iology in the Field. Applied Mic robIology 25:13 5-138 , Jan. 1973.

TapIIn . D., Lanedell , L. , Allen , A. M. ,  Rodriguez , R . .  and Cortes . A . :
Prevalence of Streptococcal Pyoderma In Relation b Climate and Hygiene. The Lancet ,
pp. 501-503, March 10, 1973.

Alien. A. M. and Tapltn , D. : Ep idemic Trichophyton mentagrophytés Infections
in Servecemen. JA MA 226 :864-867 , Nov. 19, 1973.

L_. - :~~~ L - ~~._ ~~~~~~~~~~ T -  ~~~~~~~~~~~~~~~~~~~~~~~~~



Taptin . D. and Mert z . P . M . :  Flower Vases In Hospitals
as Reservoirs of Pathogens. The Lancet , pp. 1279- 1281 , December 8, 1973.

Allen , AM. and Taptin . D. : Tropical Immersion Foot. The
Lancet , pp 1185-1189 , November 24 , 1973.

Allen, A .M.  and Tapl in , 1). : Skin Infections In Eastern Panama ;
Survey of Two Representative Communit ies. American Journal of Tropical
Medic Inc and Hygiene , Vol. 23 , pp. 950-9 56 , Sept. 1974.

Tapl in , D. and Allen . A. , . :  Bacterial Pyodermas. Clinical
Pharmacology and Therapeutics , Vol. 16 , pp. 905-911 , Nov. 1974.

Allen , A. M. and Taplin , D.: Epidemiology of Cutaneous Mv-
coses In the Tropic s and Subtropics: Newer Concepts. Proceedings
of the International Symposium of Mycoses. PAHO 304, 1976.

Taplin, D.: Superfic ial Mycoses . Journal of Invest igattv ’
Dermatology. Vol .67 , pp .177- 181. 1976.

Blumenthal, D. S. • Tapl in, D. and Schultz , M. G .:  A Community
Outbreak of Scabies. American Journal of Epidem iology, 104 (6) :667-72 ,
December 1976.

x



_ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I

BACKG R OUND

The terminatIon of this contract in May 1976 ended an unbroken collaboration

with our in-serv ice colleagues dat ing from the original development of griseoful-

yin in 1958 , through Operation Swam pfox II in 1961 , our involvement in the Vietnam

years up to Investigations In the Colombian Army in 1975.

Operation Swampfox II taught us that most of the standard laboratory methods

were Inadequat e for use in the field , but by 1967 we had evaluated and perfected

methods which were to prove Invaluable In Vietnam. Indeed , the accurate ep idemt-

ologic investlgat tori conducted by the LA IR/WRA IR and M iam i teams would not have

becri possible without the riewt r field techniques developed under our contracts. The

results of these combined military civilian effort s are eloquently described in the

first volume of the medical history In Vietnam . ( Internal Medic ine in Vietnam Vol . 1

Skin Diseases in Vietnam , 1965-72 by LTC Alfred M. Allen , M.D. USA).

From these endeavours emerged a clear understand ing of the relat ive fre-

quency, etiology and potentially disabling effects of the most common affl ictions

likely to diminish the effectiveness and morale of troops in hot, humid environment s.

That these cond itions were not unique to Vietnam was confirmed by our subsequent

studies in Uganda , Venezuela , Colombia and Costa Rica. By 1974 we were satisfied

that we could rather accurately predict the prevalence and types of skin Infections

for hot, humid areas, providing we knew the temperature , humidity, altitude and ex-

posure factors (operations). Further point prevalenc e surveys were not likely to

vastly increase our knowledge, and we were approaching the point of diminishing

returns on the taxpayers Investment. We tI~ refore shifted emphasis toward pre-

v’ention and evaluation of more effective therapy . We have tradit ionally sought out

~
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defined populations at high risk, and had established excellent rapport with the

Ministries of Health, universities and local authorit ies in Venezuela and Costa

Rica. We have a part icularly strong association with the Colombian Army, and

more recently (1976-1978) have conducted studies in the Republ ic of Panama.

Our plans called for evaluation of topical ant ibacterial products in the prevention

of pyoderma, and testing the effect of early treatment of dermatophytosis with

newly developed topical ant ifungal creams.

Unfortunately, these plans were curtailed due to polit ical d ifficulties en-

countered by other invest igators working In Costa Rica and Colombia. Although

unrelated to US Army sponsored projects, these d ifficulties had a negat ive effect

on our proposals In Wash ington, although we were assured by the respective host

M inistries of Health that our projects were fully approved. Nevertheless, this

contract was term inated , not on sc ient ific grounds, but for polit ical reasons. In

fa irneSs it must be said that In view of budget cutbacks and the devastating effects

of Inflat ion on the “purchasing power ” of R & D dollars it is unl ikely that this con-

tract could have survived more than another year.

Now, in 1978 the In-house dermatological research programme is also in

jeopardy and we have been Informed that one of the reasons given for a substantial

potentially crippling cut in support is that a belief exists that we now have “all the

informat ion needed to handle skin diseases that may attack our combat troops any-

where overseas”. As the previous princ ipal investigator of the largest extramural

contract relat ing to world-wide skin problems, and the one who has worked most

closely with the in-house programmes, I find this statement diff icult to accept .

General Richard Taylor , M. D. In his foreward to “Skin Diseases in Viet nam ”

sees this work as “an eloquent lesson in the need for continued study and preparat ion

during the Interludes of peace”.
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Ten years after the pioneer work by the research teams in Vietnam , we

no further ahead in therapeutic approaches , and in fact may be losing ground to

the emergence of multiply drug resistant cutaneous pathogens. The role, If any,

for topical anti-bacterial agents is st ill in dispute. No significant advances have

been made toward better insect repellents. Ti.nea pedis and its complicat ions remain

at the same level among US troops as they were In 1945. Friction blisters still

const itute a major cause of disability among recruits. We know little more than

we did In 1944 concerning cutaneous problems in desert operations. Cutaneous

diphtheria was a major cause of disability and evacuat ion In the Afr Ika Korps in

1941 and 1942 , and there b~ strong evidence that subsequent c ivilian epidemics in

Europe were In it iated by returning troops carrying the organisms in skin lesions.

(Internal Medic ine in World War II, Vol. II, Infectious Diseases pp. 2 79-319).

Mycobacterium ulcerans infections (Burul i ulcer), a deva stat ingly destruct ive infect-

ion responding poorly to treatment, can attack healthy individuals of any national ity

who enter endem ic areas. In Nigeria, 21 cases occurred among well-nourished

ind ividuals residing In good living conditions on the campus of of the University of

ibadan. In a small village of less than 1500 Inhabitants in Costa Ric a (1977), 200

cases of cutaneous leishmaniasis occurred in three months. We are only beginning

to real ize the Importance of wound feeding files as vectors of common skin Infections ,

we do not have a single vaccine for any of them, and our crude diagnostic methods

have changed little since the turn of the century.

In summary, we have made significant advances in defining the problems ,

although gaps in our knowledge still exist for some geographic areas. We have a

long way to go In terms of front line diagnosis and prevent ion. For these reasons

I do not share the view that our task is completed , espec ially in the light of pre-
I

vious lapses in preparedness. I also find encouraging, the report (U. S. Medicine
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May 15, 1978) that the President has directed government agenc ies to become

more Involved in International Health. If the directives achieve Implementation,

skin diseases should const itute a major component of these efforts. For example ,

a 1977 survey of farm workers in Guatemala identified skin infections as the single

most prevalent med ical problem. (Guatemala Health Sector As~~ssment USAID,

November 1977, Annex 5-7. ExtensIon of Health Services to Finca Workers.)

Moreover , other significant problems such as malaria , measles, onchocerc iasis ,

and pestic ide intoxicat ion involve the skin as a target organ. In my opinion, the

U. S. Army Research and Development Command Dermatological Research Pro-

gramme, coupled with the availability of experienced civilian contractors is in

a unique posit ion to play a posit ive role in Internat ional Health. I know of no other

agency In a stronger position to pursue cont inued Investigation of man ’s interface

w ith his environment , the skin, and I have chosen this Final Report to plead not

only for continued support of U. S. Army dermatology, but for an expanded effort

with funding which will take Into consideration the eroding effects of in flat ion.

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

David Tapl In
Professor, Department of Dermatology
Professor, Department of Epidemiology and

Publ ic Health
Chief , Division of International Community

Medicine
University of Miam i

M iam i, Florida July 4, 1978

- -_-
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FUNGA L INFECTIONS . E PIDEM IOLOGY.

Venez uela.

In February 1973 we investigated reports of an “epidemic ” of t lnea cruris ,
or “jock itch”, among 367 young men enrolled in a school of Agronomy at Tucupit a
in the Or inoco Delta of Venezuela. The local terrain and climate were similar to
the Mekong Delta in V ietnam . We found that these boy s, aged 16-18 had a very low
prevalence of T. cruris on entering the school (less than 2%), but within six weeks , the
prevalence was 27%. Second year boys had 41% preval ence, and the third year class
had 46%. Thus, time at the school was related to the prevalence of Infection , and as
in Vietnam, we could detect no evidence of acquired Immunity.

Unl ike combat troops In Vietnam, the infections were caused by the anthro-
philic spec ies, T. rubrum and E. floccosuin . In this they resembled U. S. troops
En training dur ing summer months at Ft. ~inning. Extensive sampl ing of laundered
clothing, shower stalls, farm animals and soil failed to reveal an extra-human
source of these fungi. Our interpretation was that we were dealing with common human
dermatophyte Infections, exacerbated by the cond itions of high humidity, temperature,
and the occlusive nature of the dungarees they were required to wear. Of interest
was the fact that only 50% of attempts at culture yielded the fungus. We subsequently
discovered that this was related tot he aggx~~~veness of the sampling and amount of
material recovered in scraping the lesions. In a later study at the same school ,
scraping the entire active borders of the lesions yielded the pathogens from 79 of 80
attempts.

In July 1974 we returned to the school , and found 150 of 380 boys suffering
from moderate to severe ttnea cruris. It should be noted that these are point preva-
lence figures , which In two separate years indicated that approximately 40% of the
population at risk suffer”d from active infection at the time of the surveys. Post In-
flainmatory hyperptgrnentation of the Inner thighs on many individuals Ind icated that
the inc idence of infections was much higher than 40%. This observation, not quantified
at the tim e, became more signigicant as a result of later studie s in Colombia (see below).
15% of the cases of groin dermat itis were due to mixed infections w ith dermatophyte
fungi and Cand ida albicans, an observat ion wh ich was also to contribute to significant
breakthrough s in Colombia (see below).

Colombian Army.

In September/October 1974, this contract provided liaison ,logistical support ,
personnel and mycological expertise to the LAIR dermatologIcal team under LTC Al-
fred M. Allen, M. D. The objectives were to increase the field capabilities at LA IR
by combining their personnel without previous field training with the experienced M iami
team under one collaborative study. A similar approach with WRAIR/Miam j teams had

• proven highly successful In Vjetnam. The format for this exercise was to be a survey
of Colombian Army un its operating or stationed in different climat ic areas, much as
we had done with stre~~ococcal infections among Colombian children (page 14) .

_ _  J
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During this operation , new diagnostic methods were evaluated for pyoderma
and an attempt was made to standardiz e methods for isolation of fungi from skin
lesions. This evolved into spirited discussions relating to selectivity and sensitivity
of diagnost ic tests for epidem iologic surveys. The M iam i team held the view that
a max imum effort should be made to establish a diagnosis by aggressively sampling
the most likely sourc e of fungi (active borders , vesicle tops , scales). This requires
experience, runs the risk of operator bias In selection , and lacks quant itation. The
LAIR approach was based on a standardized method of scraping predeterm ined body
sites, which,although lacking in sensitivity, would elim inate bia s and make the Inter-
pretat ion of climat ic and environmental effects more accurate.

The results are contained in the LAIR report s for 1974 , and showed that recovery
rates were low, confirming that successful KOH and culture methods for fungal In-
fections remain more of an art than a sc ience. Two years later , the Miami team re-
surveyed Colombian Army unit s, using max imum recovery methods , and achieved
a 100% confirmat ion of tinea crur is /corporis by KOH, and 99% by culture.

These two studies clearly demonstrat e the need for new diagnost ic techniques
which do not rely on spec ialized experience. The inexperienced researcher has only
a 50% chance of obtaining a culture confirmation, even with the be St media. Micro-
scopic confirmation by KOH is even worse. In a pilot study, two observers with one
year experience each were given 22 posit ive KOH slides for dermatophytes randomly
mixed with 20 negatIve preparat ions. They found only five of the posit ive preparat ions.
A more skilled observer , with 15 years experience, correctly selected 21 of the 22
positive slides.

The most Important result s of the LAIR/Miam i studies in Colombia were unex-
pected , and like most of the real discoveries from both inst itutions , were completely
unplanned; a horrifying concept to R & D contract officers , but still the hallmark of
innovat ive and unique research. A chance observation in the laboratory in Colombia ,
coupled with one of the many late night discuss ions ,fortned the origin of an entirely
new concept of pathogenesis in cutaneous Infections.

While demonstrat ing the trivia of KOH examinations to Dr. Robert D. King, a
member of the LAIR team, we noted the frequent occurrence of arthrospore formation in
the fungal hyphae , particularly from the more tropical areas. Sim ilarly, Col. Allen
patiently explained the mathemat ical Intricacies of peripheral probability to the M iam i
team as related to the occurrence of conc omitant dermatophytosis and candidiasts in
the same groin lesions. It was decided to reexam ine the hundreds of DTM cultures
for the simultaneous recovery of both pathogens. King noted that C. albicans tended
to Inhibit the growth of dermatophytes in the same culture tube , and later demon-
strated this to be due to C02 production. He also noted that dermatophytes produced
arthrospores under C02, and increased their output of “keratin ” dige sting enzymes.
In a final experiment, King and his colleagues showed that there was a drastically In-
creased C02 level under damp military uniforms compared with dry clothing.

Finally, we had a physical/biochemical explanation for the repeated observation
of exacerbation of fungal infections under occlusion. A dramat ic demonstration of
this phenomenon was presented In June 1976 , aga in in the Colombian Army. We in-
itiated a study to compare the therapeutic efficacy of miconazole nitrat e cream
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Occlusive dungarees probably exacerbated tinea cruris in this hot
humid climate. Note rubber boots. Investigator at extreme right holds on to
pole to maintain erect posture.

~: 
_ _ _

Typic al case of tinea cruris seen among boys at School of A gronomy. 

----
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Frequent contact with soil is a part of daily l ife , but onl y one case
of geophilic fungus infection was discovered among 358 boys.

Well maintained laundry seeme d unlikely mode of t ransmission.  No
fungi were isolated from freshly laundered clothing.
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versus the same cream plus 1% hydrocortisone, and needed a population wit h a high pre-
V valence of ttnea crurta/corporis. Colombian Army authorities directed us to a small

unit in garrison some 25 km. from Barrancabermej a. This unit was engaged in
- rout ine patrol s of an oil installation situated In a jungle area of constantly high tern p-

- 
erature and humidity. During the day, temperatures frequently exceeded 100° F. but

- dropped to 95°F in the barracks by 11pm! Humidity was seldom below 90%R. H.

L
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,
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We found 55% of the men with severe body ringworm covering all body area s.
Most Impressive was the confluent highly Inflammatory lesions covering the
entire abdomen and most of the butt ocks , with the borders sharply defined by the
contours of their jockey shorts. Investigation revealed that the men had opportun-
ities to wash their underwear but no chance to dry them, a slow process at best
In the high humid ity and windless cond it ions. The severity and extent of their le-
sions, almost all due to E.tlocoosum were worse than we saw In V ietnam , and I
have no doubts that we were observing the real life effects of Dr. K ing ’s CO2 phen-
omenon.

This story is Included to demonstrate a typical result of the collaborat ion we
have enjoyed with our En-service counterpart s and why we feel that such joint effort s
make the most of the tax payers dollar.

In search ing for appropriate study populations among the Colombian Army, we
conducted surveys of unit s in different climat ic areas. The results are shown here:

Tabl e 1. Prevalence
Local (No.) Temperature Humidity T. pedis T.corporis 2 months

— 
o1,~ Inc idenc e

Barranca (115) 28-38 80-90 85% 55% 72%
(El Centro)

Barranquilla (256) 24-32 60-70 64% 38% 50%

Santa Marta (348) 26-30 20-30 *32% 17% 20%

Guajira (75) 30-40 10-20 **85a’~ 4% 9%

*Low prevalence of T. pedis due to men being allowed to go to the beach with boot s off .
**Not e the low prevalence of T. corporis in the hot dry climate of Guaj Ira. The
prevalence of T. pedis , however , is the same as that En the hot humid area of
El Centro. This Is due to the fact that the “climate” Inside the occlusive boots is
hot and hum id .

Costa Rica.

During a survey of Costa Rican schoolchildren in 1975 , we had an opportun ity to
exam m e  63 children in a high school (alt itude 400 M. )  All were post pubertal. One
in every four students had T. pedis , one in ten had T. corporis , and every fifth child
suffered from t inea verstcolor . There was no differenc e between boy s and girl s, a
factor we attr ibuted to the occlusive clothing and shoes worn as school un iform. In
contrast , none of 113 children, 7 to 13 years old in a school only 2km . distant suf-
fered from these “post pubertal” fungal Infections. Here is yet another repeatedly ob-
served phenomenon deserving further study. Why is prepubertal skin so rarely in-
fected with anthropophilic fungi ?

In summary, we have learned much concerning the epidem iology and et iology of
fungal infections of the skin. Studies relating climate to prevalence and severity pro -
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vtde guidelines for predicting likely attack rates and morb idity. The most signif-
[cant find ings indicate the importanc e of occlusion , and a physical/biochemical
explanation resulted from collaborat ive studies w ith the LAIR team . The high
Inc idence of T. pedis is directly linked to the wearin g of occlusive boot s, and can
be diminished by exposure of the feet to air . Archaic diagnostic methods are use-
ful epidemiologic tools only in the hands of highly experienced practit ioners , and
deserve re-evaluat ion. Field surveys by alert observers invariably spawn new dis-
coveries. We learned little about mechanisms of transmission, and have not been
able to ident ify a major reservoir of anthropoph ilic fungi in laundered clothing,
shower stalls or soil.

FUNGA L INFECT IONS - THERAPY

The occurrence of mixed Infections by candida albicans and dermatophyte fungi
and the occasional “epidemic s” of crural candidiasis we have observed in 1. S. mil-
itary populations suggest the need for topical agents effective against both patho-
gens. We first elected to study a combination of two old and trusted agent s, nystatin
and tolnaftate. Both have a long and remarkably safe history virtually devoid of al-
lergenic side effects.

We chose the school of agronomy In Tuc upita , Venezuela for the study, and were
supplied by the manufacturer with coded tubes of nystat in cream , t olnaftate cream,
and a combination of both. Neither the sponsor nor the FDA required a placebo group ,
since both agents had been accepted as effective. A further cell would have reduced
the number of subjects on each treatment and we agreed to omit a control group, a de-
cision we would come to regret .

80 subjects were randomly assigned to one of the three treatment groups. Each
had a groin dermat itis confirmed as dermatophytosis , candidias is , or both by KOR
and culture on DTM. At the end of two weeks therapy, during which we observed
the use of the products tw ice per day , more than 80% of the subjects were cleared
or markedly improved , regardless of the cream used. However , five of the subjects
developed allergic reactions to the products. Patch testing of these subjects gave
strongly posit ive reactions to the preservat ives in the cream. Four reacted to the
thimerosal , and one to parabens. Although the products were effective agent s, this
and other studies in the US confirmed a 5-8% rate of allergic reactions, far too high
to be considered as an acceptable treatment for t inea corporis/cruris. This allergic
reaction to thhnerosal appears to be more common in the US and Central America
where merthiolate is a popular “antiseptic ” lotion. Indeed , posit ive patch tests to
th irnerosal are now so common that it is no longer considered a reliable guide to in-
vestigat ion of any particular patient with contact dermat itis.

Of academic Interest Is the fact that 0. 1% th imerosal is a potent antifungal agent ,
and was used as the standard active treatment of guinea pig Infections in the original
invest igat ion of to].naft ate. It may well have contributed to the therapeutic success of
the creams used in this study. Had we Included a “placebo” vehicle, it would also
have contained 0. 1% thlnierosal , and we might have ended up with a bur cell study
showing no differences. This study has made us Increasingly suspicious of so called

-• - - ~~ —~~~~~——— --~~~~~~~ ~~~~~~~~~~~~
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“placebo” or supposedly Inert vehicles whic h when tested may show quit e active ant i-
microbial properties. We urge other Investigators to test formulations for In vitro
activity before Initiating clinical trials.

Since V ietnam there have appeared on the market several new topical antifungal
agents; haloprogin , clotrimazole and miconazole. They d iffer from previously avail-
able products in that they have “broad spectrum” fungitoxi c activit y which includes
both dermatophytes and yeasts. We have Investigated the two imidazole formulations ,
miconazole and clotrimazole. Complete data on the clotrimazole studies may be
found in our 1975 report . Clinical results are reproduced here.

Table 2 . 1% Clotrimazole in polyethylene glycol 400 versus control vehicle poly-
ethylene glycol 400.

Tinea Corports/Cruris

Clin ical response at two weeks :
= no

excellent good fair response
Clotr imazole (15) 12 1 1 1

Vehicle (15) 0 3 5 7

Conclusion: 12 d l5cases of tinea corporis/cruris were completely “cured ”,
(clinically and laboratory neg.). None of the vehicle treated pat ient s were cured.
(P<0. 001).

Table 3 . Clotrimazole versus veh icle.

Interdigital Tinea Pedis

Four weeks treatment:
no

excellent good fa ir response
Clotrimazole 1 8 2 0

Vehicle 2 2 4 4

P 10 . 045

Conclusions : These numbers are too small to make definit ive statements. The results
were similar In other laboratories in this mult icentr ic trial , and Indicate that 1% do-
trim azole solution is of benefit in interdig itated tinea pedis and statist ically is better
than the control vehicle. It reduces the severity of the disease , and relieves symptoms.
Like other topicals, it cannot claim to be a “cure” for ”Athlete’s Foot ”, except for a
small proportion of cases. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table 4 Clotrlmazole versus veh icle.

Hyperkeratot ic Flantar T inea Pedis
Six weeks treatment.

exceUent 
____ 

response

Clotrjniazole 2 7 3 2

Vehicle 0 4 3 5

Not statist ically significant at 5% level.
Combined results of multicentric trial give a p value of 0. 044 comparing active
drug versus vehicle.

Conclusions: 1% clotrimazole has a benefic ial effect on most cases of tinea pedis
plantar type, and appears to be better than the control vehicle. Plantar derrnato-
phytosis is d ifficult to treat , and few cases are “cured” by this therapy.

Combination MiconazolefHy drocortisone cream for Tinea Cruris/Corporis.

The following study was completed after the terminat ion of contract , but
is Included here because it is of military relevance.

100 Colombian Army soldiers with severe t inea corporis/cruris were em-
panelled In this study. AU had posit ive microscopic and culture results at the
start of the study. One case was lost to follow up. Average temp: 28-38°C ,
humidity: 80-90%RH . Twice per day, each man applied , under our supervision
either 1% hydrocortisone cream, or 2% miconazole -nitrat e cream , or a cream
containIng 2% miconazole and 1% hydrocortisone. Clinical response is shown
in Table 5.

Table 5. Day 7 Day 14

Cream Succes&* Fallure** Success Failure

Hydrocortisone 1% 3 30 2 (6%) 31

Miconazole 2% 22 11 25 (78%) 7

Combination 27 6 32 (97%) 1

*Success S Complete clinical clearing with negative microscopy and culture .

= Some signs of clinical disease or positive laboratory findings.

Note the h igher failure rates for 1% hydrocortisone. Ten subjects became worse on
this cream within one week. 

~~~~~ - - -
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Conclusions : The combinat ion cream was superior to m Lconazol e alone. Symp-
tom s, particularly pruritis resolved more rapidly, and there was a higher “cure ”
rate at the end of one and two weeks. 1% Hydrocortisone alone should never be
used on tinea cruris in the tropics. Ten of 33 subjects suffered marked exacerbation ,
and 21 of the remaining 23 fa iled to respond to therapy.

Gris-PEG vs. microsize griseofulvin in tinea pedis.

10th Brigade Colombian Army. Clinical Stud y.

Ninety-five soldiers with athlete ’s foot (tinea pedis) received either 500mg
GrIs -PEG , 1000 mg. of a microsize griseofulvin preparation , or placebo da ily
under double-blind conditions. After four weeks on this regimen, both griseoful-
vii i groups had improved more than the placebo patients. Despite the differenc e
in dosage, the results in the two griseofulvin groups showed no statist ically sig-
nificant differences. Mild or moderate side effects occurred in five patient s, one
receiving Gris- PEG , two receiving microsize griseofulvin, and two receiving placebo.

Results: Both the group treated with Gris-PEG (250 mg. twice daily) and the group
treated with microsiz e grlseofulvin ( 500 mg twic e daily) exhibited significantly
greater improvement than did the patients receiving placebo. There was no signif-
icant differenc e between the Gris-PEG and microstz e griseofulvin treated groups
in terms of clinical efficacy.

The results of efficacy described below occurred even though the med ications
were adm inistered to the patients while they continued to partic ipate in the training
program at their army field camp. No attempt s were made to inst it ute local hy-
gienic measures In treating the athlete’s foot . With privat e patient s in civilian life ,
both oral antifungal therapy and such local treatment would likely be employed.

The overall clinical evaluation showed that after four weeks the follow ing per-
centages of patient s had improved.

Table 6. Microsize
Gris-PEG griseofulvin Placebo
(n 26) ~n—2 0) (rp49)

Marked improvement 23% 20% 8%
Moderate improvement 27% 20% 12%
Slight improvement 27% 15% 14%
No Improvement 23% 45% 66%

As a sidelight to the overall clinical evaluation , two weeks after the init iation
of therapy , the lesions among the Gris-PEG treated patient s, but not the microsize
griseofulvin treated patients, had already significantl y improved as compared to the
pat ients receiving placebo.

The changes recorded in photographs were evaluated Independently by the chief
investigators and their assistants, with remarkably similar scores for any given

I. - - .
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pair of before and after photographs, ind icat ing that this was a valid method for
measuring the patient s’ progress. This method showed the following kinds of im-
provement , again given in percentages of patients.
Table 7.

Microsize
Gris-PE G griseofulvin Placebo
(n=26) (n ”20) (n~48)

good/excellent 27% 20% 4%

fair 19% 20% 8%

poor 8% 5% 6%

no change 46% 50% 69%

worsened 0 5% 13%

______________ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~- - -~~ -: ~~~~~~~~~~~~~~~ ~~~~~~~~~~
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BACTERIAL INFECTIONS - E PIDEMIOLOGY

Strept ococcal pyoderma.

Colombia 1972.

Interest in group A Streptococcus pyogenes as a cause of common
Infections of the skin has escalated in recent years due to the increasing aware-

- ness of the relationship of dermophylic or “skin strains ” of streptococci to
AGN , and the development of more sophisticated methods of laboratory typing.

Most of the reports of epidemics of AGN have come from the tropic s
and neotropics, with the notable exceptions of the extensive work of Wannamake r
and his colleagues In the Red Lake Indian Reservation in Minnesota , and the
detailed reports from Dr. Hugh Dillon in Alabama .

Streptococcal infections would seem to be more prevalent in the tropic s,
but the role of climate and hygiene has not to our knowledge been critically
studied by the same team using standardized methods under different climates.

The lack of accurate prevalence data , diffe rences In bacterio~~gical
isolation techniques, socioeconomic and ethnic d ifferences in populations
studied and climat ic variations make it d iffic ult to compare the many different
published surveys or to separate the effects within a population of different
levels of hygiene and living conditions. We have, therefore, attempted to
eliminate some of these variables by a survey of pyoderma in three populat ions
of children in which levels of hygiene, ethnic background , sex, and climato-
logical environmental stresses were defined using standardized clinical c riteria
and bacteriological methods.

Colombia appeared (deal for such an approach because of the diversity
of climate and terra in within short distances, relative ethnic homogenity , and
sizable underprivileged populations in wh ich a h igh prevalence of infection
might be expected , and a high degree of cooperation from our professional
colleagues and government agencies in Colomb ia. Military as well as civilian
populations were ava ilable for study. The Colomb ian Army Es organized
similarly to that of the United States and is kept En a constant state of opera-
tional readiness combating a chronic but active insurgency in terrain possibly
more rugged and forbidding than that of Southeast Asia. Commanders were
extremely receptive to the conduct of medical research in their units.

* Department of Dermatology, University of M iam i School of Medicine , Florida
** Preventive Medicine Division , Walter Reed Army Institute of Research ,

Wash ington, DC
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The four areas visited provided a w ide range of altitude and climate,
with consequent variation in living habits , vegetation , and Insect life .
Locations are indicated on the accompanying map. A capsule summary of
the princ ipal features of each location follows:

1) Bogota : a capital city; population 2. 5 m illion; altitude 8, 500 ft.
(altiplano); ecologic zone (iloldridge ’s classification), dry-moist lower montane
forest.

2) Medellin : second largest c ity; population 1. 2 million; altitude
4, 700 ft. ; ecologic zone, moist subtropical forest. -

3) Tolemaida: home of Tenth Brigade , Colombian Army; near town
of Melgar in Magdalena River Valley; altitude 3, 000 ft. ; ecologic zone , dry
tropical .

4) Apartado : front ier-type town carved out of jungle for commerc ial
exploitation (bananas, cocoa , lumber) ; population Ca. 5, 000; at sea level near
Gulf of Uraba ; ecologic zone , moist tropical .

Methods
Total body examinations were made of all subjects In the study by the

physician member of the team (AMA) , and all skin defects which showed any
evidence of infection were recorded on a body diagram sheet. After removal
of crusts or debris , calcium alginate swabs (Colab) were used to inoculate
exudate from each lesion on doit le layered Trypticase Soy Agar and 6%
defibrinated sheep blood aga r, 1 Mg/mI Bacto (Dlfco) Crystal Violet was
Incorporated in each layer to selectively isolate ~ hemolytic streptococci.
Staphylococcus aureus was isolated from lesions on nutrient agar (BBL)
conta inIn g 4% actidione and 75~g/ml polymyxin B. Plates were inc ubated
aerobically for 24 hours at 37°C, and negative plates were Incubat~d for a
further 24 hours. Fresh media was used throughout , refrigerated in storage
before use , and transported to the field in insulated containers. Group A
streptococci were identified by ~o1onial morphology, hemolysis, and gram
stain s and bac itracin sensitivity , and S. aureus by colonial morphology, gram
stains, and tube coagulase tests.

Evaluation of hygiene was made by a visual inspect ion of the children
and their cloth ing, and visits to their homes and living quarters , inspection
of the facilities of the institution under study, and discussions with teachers
and supervisors. All populations were surveyed within a period of one month
( September 1971). 
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Results
Surveys were performed for the primary purpose of determining the

effect of climate on the prevalence and flora of bacterial pyoderma. Stud y
populations were composed of children from the lower soc ioeconomic classes
living in three climatic zones , cool , temperate , and tropical (all humid) , and
soldiers living in a humid tropical (jungle ) or dry tropical (savanna ) environ-
ment.

Table 8. Characteristics of Populations Surveyed
Pyoderma Survey: Colombia . September 1971

Location Institution Number Age
Surveyed Range Median Sex Race Hygiene

Bogota : Redentor 133 5 - 19 12 M M ixed poor
Sesquile 144 5 - 14 10 M+F “ good
Juan XXIII 65 2 - 7 4 M+F “ fair
Prado Pinzon 176 1 - 13 7 M+ F “ fa ir

Medellin : Candelaria 31 4 - 11 9 F “ f a i r
Nina Maria 31 3 - 13 8 F “ fair
Rec ibo 109 5 - 17 12 M “ poor
Ciudad D.B. 115 6 - 18 12 M “ good
Posada 125 6 - 11 7 M+F “ good

Apartado: Esc . Ninas 91 5 - 15 10 F “ fair
Esc . Ninos 106 7 - 15 10 M “ fair
Finca 72 1 - 57 11 M+F “ fair
Lumber Co. 71 1 - 14 7 M+F Negro good

1269 ch ildren and 213 soldiers (total • 1482) were surveyed; 199 ( 12. 6%)
had pyoderma lesions wh ich were cultured. Prevalence of pyoderma, and
recovery of streptococci and staphylococci from lesions, varied according to
climate. Prevalence and recovery rates were highest in the tropics. inter-
mediate in the temperate zone, and lowest in the cool region (Table 9) . Level
of hygiene was another significant var iable; within climatic zones differences
in hygiene appeared to be the princ ipal determinant of pyoderma prevalence
( Figu rel ) .

Beta hemolyt ic streptococci wer e recovered from 82% of all lesions
cultured , and from approximately 95% of anything purulent. Paired silica gel
swabs ( see last years report) cultured in Miami three to five weeks later gave
similar results. Skin lesions which yielded streptococci Included typical
ecthyma, infected insect b ites , erosive intertrigo behind the ears , infected
lacerations, and Impetigo of the scalp and face. It would not be far wrong to
suggest that virtually any purulent lesion could be considered streptococcal.
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Table 9. Prevalence of pyoderma , recovery of Streptococcus pyogenes
and Staphylococcus aureus in relation to climate

Colombian children: September 1971
No. To To strep % staph

Location Climate surveyed prevalence recovery recovery

Bogota cool 518 5.2 66.7 51.8
( 8500’)

Medellin temperate 411 12.2 84.0 62.0
(4700 ’)

Apartado tropical 340 26. 8 90. 1 90. 1
(sea level)

Staphylococci were also recovered in a high proportion of cases - 76% -
nearly always in association with streptococci. Previous work in various
parts of the world (Vietna m, Florida , Alabama , Minnesota) has ind icated
that in such infections staphylococci are probably secondary wound colonizers
rather than primary pathogens.

The highest prevalence of pyoderrna was found in a mil itary unit which
had just returned from a 25 day jungle operation (Figure 2). Thirty-eight
percent of the soldiers had pyoderma , chiefly on the extremities. in contrast ,
only three percent of infantrymen engaged in conducting 2 - 3 day operations
in a dry tropical area (savanna and dry forest) had pyoderma , and this level
of prevalence was essentially no different than that of troops In garrison.

Insects were seen feeding on exudate from the lesions only in the humid
tropical area. Large numbers of Hippelates eye gnats were seen feeding on
lesions In soldiers (similar to well documented experience in Trinidad), and
occasional houseflies were seen on lesions In children.

Non-suppurative compl ications of streptococcal infection

Attempts were made to determine the inc idence of acute glornerulonephritis
(AGN) and acute rheumatic fever (ARF) in Colombian populations. ~‘ediatric tan s
and nephrologists in Bogota (Dre. Hernando Torres and Jorge de la Cruz) and
in Medellin ( Dr. Piedrahtla) were questioned as to the amount of each disease
seen. In addition , visits were made to the Misericordla and San Juan de Dtos
Hospitals in Bogota to see if attending physic ians or hospital records contained
pertinent information. No statistical data were available from these sources.
Impressions were that AGN and ARF were both common, and that AGN was
probably sign ificantly more common than ARF at lower altitudes (warmer climates)
in Colombia.
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National data from offic ial sources indicates that AGN and ARF are
almost equally common ( Table 10). The limitations of these data preclude
valid inferences concerning the impact of streptococcal infection on the
Colombian people.

Table 10. Colombian Medical Statistics
Excerpted from the annual statistical reports of the
National Administrative Department of Statistics ( DANE)

Number of reported cases
1965 1966 1967

American leishmaniasis 235 271 329
malaria 18, 888 13, 916 14, 386
acute infectious encephalitis 214 188 525

Number of hospitalized cases
1965 1966 1967

acute nephritts 541 790
rheumatic fever 955 1,026 1, 070
rheumatic heart disease 513 526 480
malaria 5, 973 5, 294 5, 230

Number of hospital deaths
1965 1966 1967

acute nephrttls 29 70 87
rheumatic fever 36 32 26
rheumatic heart disease 84 70 34
malaria 88 70 86

populat ion : 17. 5 million (1964 census) 
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1)iscuss ion
We believe this study to be unique in several respects. Due to the

ex cellent cooperation of our Colombian hosts , we were abl e to work w ith
populations in wh ich the population at r isk could be accurately defined. in the
civil ian and military groups , we were able to account for all individuals at r isk ,
so that our data represents true prevalence of disease.

The evaluation of hygi ene was established at the time the sub j ects were
examined , without knowled ge of the culture results. Each member of the team
performed the same duties in each location , and the laboratory work was also
conducted by the same individuals  throughout. The same batches of media
were used for all cultures. We , therefore , believe that the d iffe rences observed
in the porulations represent the &~fect s of climate and hy gie n e .

The fact that we found a higher prevalence of clinical pyoderrn a in the
4 hot moist environment at A partado was not surprising. We surmise that this

reflect s the greater inc idenc e of insect bites and perhaps the presence of wound
feeding fli es wh ich were not present at th e higher altit udes.

We were surprised by th e h igher recovery rates of both S. pyogenes
and S. aureus (Table 9)  from lesions in the hotter climate. At present we have
no explanation for this. Our bacteriological methods were ident ical and the
plat es were incubated at 37°c throughout the stud y. It would seem that these
pathogens are more abundant in lesions in the hotter cl imates , or for some
reason are more easily recovered.

The most rewarding aspect of our findings were the almost l inear
relationship between prevalence of clinical disease and altitude (env - 

~onmental
temperature) and the obvious effect of hygiene at all altitudes. It is clear that
this kind of data would be important in terms of health care plann ing or
preventive medic ine . For example , it would seem likely that the most effect ive
method for the prevent ion of skin infections among children livin g at 5. 000 fee
in Colombi a would be improvement of hygiene , wh ic h in practical terms means
the provision of r unning water and soap in the homes or school s, whereas in the
hotter regions it would probably require a more aggressive approach which would
combine improved hygiene with early treatment of infections.

The experience with the Colombian Army units was remarkably similar
to our finding s in V ietnam. Men exposed to combat conditions , in sect bite s ,
~ind t rauma in the tropics are likely to develop pyoderma and the pathogen is
likely to be Streptoc occus pyogene s.

We are stil l puzzled by the question of origin of these streptoc occi.
We cannot recover them from normal skin in a healthy population , although
we have recovered them from the perineum , nares and fi ngerna ils in about
25t ’, of men who had act ive  lesions In Vietnam.

—
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Our studies In Vietnam , Florida , U aiti , Uganda and the tropical areas
of Colombia are consistent in the high recovery of group A streptococci from
purulent skin lesions. Over 90% of the lesions yield th is pathogen, which
would indicate a very high effic iency of colonization. This degree of infectivity
in the absence of a detec table carrier state on the host I s  difficult to explain
except on the bas is of highly effic ient insect vectors or a common and hitherto
undiscovered environmental reservoir such as soil.

Summary
Studies on skin infections in Colombia , S. A . ,  were performed in order

to: 1) determine the effect of climate on the prevalence and flora of bacterial
pyoderma. and 2) to acquire first-hand information concerning cutaneous
infections of mil itary importance in tropical Latin America. Surveys included
nearly 1500 people (children and soldiers) living in four ecologic zones , rang ing
from the cool climate of Bogota to a jungle environment. Prevalence of
pyodernia and rates of recovery of bacterial pathogens were h ighest in the
j ungle, intermediate In the temperate zone , and lowest in the cool climate.
The level of hygiene was the princ ipal determinant of prevalence within each
climatic zone. S. pyogenes was recovered from 82% of all lesions cultured;
S. aureus from 18%. Soldiers in the j ungle had the highest prevalence of
pyoderma - 38%. Soldiers in the dry tropics (savanna) had a low prevalence
of pyoderina.
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Yavisa, Panama. 1972.

In February 1972 , we received a request from Preventive Medicine
Division , Walter Reed Army Institute of Research , to provide logistical and
laboratory support to a military field team during a survey of skin problems
in the Darien Prov ince (Yavisa and El Commun) in the Republic of Panama.
This provided us with an opportunity to test the feasibility of preparing a
portable laboratory, media and instruction manual for a field team in which
we were not involved , and handle the cultures from the team at the comp letion
of the study as a function of our extramural contract program. The experience
gained from this project ind icates that the system offers an effective way of
putting a military team into the field at short notice without the time consuming
and cumbersome requirements of gathering together all the equipment and
suppl ies, most of wh ich are non-standard or as in this case newly developed
techniques wh ich are not available commerc ially.

Should such support be needed in the future , the only action requtred
by the agency requesting assistance is to provide us with the following
informat ion :

1) estimated population at r isk ,
2) location ,
3) disease or pathogens to be studied.

Under normal circ umstances we can arrive at a reasonable estima te of
conditions to be encountered , and pack a portable laboratory within one week
of receiving the request. 

-

In addition , we can supply or make arrangements for communicat ions .
pI~otography, tape recording, local contacts in the civilian scientific community ,
field rations and couriers.

For the study described here , the team was equipped to study superficial
and deep rnycoses , bacterial pyoderrnas , including cutaneous diphtheria .
cutaneous leishmaniasis , and a 24 hour ava ilability of a courier to delive r
additional supplies in the event of unexpected uind ngs. They were also supplied 

-——a- - - 
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microscopes , biopsy and m inor surgery kit s, tape recorder , cliznatological
measuring equipment , Insect traps , body diagram sheet s, sec retarial sup-
plies, lyophilized rations, cooking equipment and stove and survival kit s, and
a kit to convert a beer cooler to field incubator.

AU media was prepared for use or suppl ied as preweighed kits. Al .
though the team was out of contact with us in Yavisa , telephone communi-
cat ion between the laboratory at MARU In the Canal Zone and our laboratory
in M iami was rapid and reliable.

The results of this study are included here as a reprint from the American
Journal of Tropical Medic ine and Hygiene , September 1974.

p
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Ts.es 2
.. ..... u

~i~~~
itit

~~
fvdence ./ 0 (IMI in ,eisJ~nts of

Sh ins r...t. 1.1.1
________________ 

_________________ — isO. nt
Al, ~1.. Pi~~ifrtim~ N” h,nah’uus~ Nun t’tvs’aI Jut? •ah i’s

• 
nmuuvTy,ut t ’-c~ ~nss ~ yunt t’ ~~5 )nlii ’)’flI 4!1 ) t.unal. iii.

0-4 tOO 22.0 1 1*  15.2 220 ISO II
5—S 115 25.1 137 14.6 252 19.4 1.1

10—14 74 149 52 12.2 ISo II I I 2

15 4- IS 7 181 6,1 2 6-4 9 1  2.6

TOTAL .181 20.2 511 lii 592 152 IS

a single observer (A .M .A.)  and all skin lesions UsL’L TS
showing clinical evidence of infection were re- Three populations were included In the survey:
corded on a body diagram sheet. One skin lesion 1 ’ ) 891 residents of Vas’iza ; l ’i 40 Choco Indians

U 
of each type (eg .  pyodernca or rin gworm ) was transient In ~‘ayiaa ; and 3) the 131 Choco Indian
selected !or s ultu re inhabitants of El Comun . In ~‘ayiza , this repre-

Material for bacteria l cultu re was collect ed °~ sented 97% of the children (0—14 ~‘ears~, 74~~~-

sterile calcium alg inate swabs antI I) plated if)’ of the women t ~ s 15 yea rs’J , and 37% of the men
mediately on a selective medium of nutrient aj ar (?i S )‘ear s) who were present in the town. In
conta ining 400 ~g ‘ml cycl oheximide and 75 4/mI all. 1,084 people were surveyed.
polymyxin B for staphylococci ,1 and 2) desiccated The prevalence of each of the 10 t ypes of skin
in individual silica gel packs and plated in Miami Infection or Infestatio n found in the combined
2 to 3 weeks later on trypllcase soy aja r contain- su rvey populations is shown in Table I. Skin
ltmg I 14,’mI crystal violet and 6% sheep’s blood infecti ons other than pyoderma were found only
for str ept ococci. ’ riates were incubated agr obi - in residents oh Vavisa . Tropical phagedenic ulcer
cally at 37 C for 48 hours. Group A streptococci and classical e,char-forming cut aneous diphtheria
were identified by colonial morphology, hemolysis were not seen.
and bacitracin sensitivity. Stusp hylococcas enress
was Identified by colonial morphology and tube Bmjcter*sd ~flfOCti.Y4

coagulase tests. Antibiotic sensitivities were Bacter ial pyoderma was more than six times as

detennined by the Kirby-Bauer disc method,’ common as ill other ski n infect ions and infest a-

Scrapings I or fungal cultur , were inoculated lions comb ined (Tabl e I ’). The crude ~,reva lence

onto DTM,” incubated at room temper ature , and ra tes for pyoderma were similar In each of th,

results evaluated withi n *4 days. yeasts were three populations surveyed: In ~~
‘as-lza t he p~eva-

hence was 15% ( l35 , -$92’I; in transient indians
differentiated by the germ tube test. it was t S% ($, ‘40); and In El Comun It was

The indirect fluorescent antibody test for 
*3%cutaneous leisltmaniasls was performed accordin g Age and sex-specific prevalence rates were cal-

to the method of Walton et .1.” Cultures for culated for the surve y population of Yarisa
lep omonad forms of lelshmanla were performed Table 2 - Pyoderma was found to be approxi-
by inoc ulation of tissue fluid obtained from the mately twice as common in ciii ’ iren as in adults .
margins ol the lesion onto 15% rabbi t ’s blood and more common in males than females at every

.scar slants and incubated at 25’ C tsar 72 hours. age.

Ftcun 4. A. Muhtipustular Impetigo in a 2-scar -old gfrl. Lesions clear d withIn 3 days after adml nist ra-
-- *1 benaathlne penki llln G, B. Tmhiiph Wous ,wb,ssu. infection las a 2S.>wsr-old man , Lesions covered

Is, body, including the palms, C, Severe ,cabirs with early secondary lnfcction by st reptococci. I),
omycosis in an rhier ly *oman. Similar lesions wrI, present on the kg a~d trunk. I. Cutaneous can-
Is a 2-year- ol d boy- F, Cutaneous ls’ishmsnlaaus on the upper aria of a hamberenan. The heton was

ny lender.
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TABi.F 3 coci at isolates were sensitive to ervthr ornvc in ,
‘lge s p ed/ u- ra tes of rvvovery 0/ hai-ts ’ria! pat hog rns clox ac i ll in linc omvcin and gen t -umicin 

-

/ rsi N py o der ma in resi dents of I’at-i:a

~ 

i’rr~~n t i ~~si tj v c  
— F siugiil is ifec t io, ss

Agc No St.~’p i . o . ~.s Stap h y5s ,.s Body ringworm infections (t ine a corporis I were
±

~

‘

~ 

PYsgtflCS ~Jk~ .UZ  
- - present in five adult residents of \‘av iza . of whom

0-4 4L 87.7 95.2 four were men . All of the infe ctions were caused
5 q  49 7.t .s s s s  h~’ Tric/ sop/ i vion rubruni . Isolates from two of

10—14 2 1 6131 ~~~~~ the cases were unusual in that their morphology
- - ‘ on initial culture was identical to that  of a dis-

TOTAL 
—

~~ 
— - - 

135 79. 1 
- 

867 tinctis’e variant  ordinarily found only in the South
Pacific. One of these isolates was recovered from

Clinically , pvoderma appeared in many forms , an extensive infection t ha t  covered the ent ire

including ecthyma . infected insect bites , erosive bod y’ of an otherwise health~’-a~~ earing 25 -\ CII -

int ertr igo behind the ears , infected lacerations . old man ( Fig. 413 ),

and crusted impetigo of the face and ears, More - 
Scall) r ingworm t inea capit i s I WJ’ flot found

than ~)0” of the lesions were located on the face in any of the 550 pre puh ertat childr en examined.

or on the extremities, Two in fan t s  had extensive ‘I’~~ ty~~i~~ children i had crusted,  dr~- ,

mut t i pustular impetigo involving the face and s c i l i ng  lesions bear ing a superfici al resemblance

neck I Fig. 4A to t inea cap itis . hut close inspection revealed no

Of the 160 persons with pvoderma , 133 I S3’~ I evidence of broken hairs or fungal  growths on

were positive for ~ .h~moIvt ic strept ocnc~i (S t r ep -  hair shaf t s  and all were negative on fungal cut-

t i i (0 1i c pv ogenes I and 135 I S4’ I were positive ture .  Possibl y these lesions represented a v a r i a n t

for Stap /: v/a ; coccus azura ’u.c . Most of the str ept o- of ~~‘oderma. since live children with crusted

coccal isolates I I t S , or S’I”~ I belonged to ( roup sca l l) les ions had is sociat ~d p oderma . of which

A the remaining I S isolates were not in div idual l y two yielded streptococci and four yielded st ap hvlo-

grouped Rates of recovery of bacteri al pathogens ~~~~ 
-

were s imilar  in each of the three survey popula — I wo infants in \‘aviza had in f l a  mnia tor y-

tio ns . maculo-papular eruptions, w i th  sa te l l i t e  papules ,

There was a correlation between age of cases involving the neck , back , and upper chest . Ilot h

and rates of recovery of both streptococci and ~‘~~‘ positive for ( ‘ i, id,da aII ’icans I Fig. 4E I .

sta phy loco cci  W i th  the exception of males aged - 
:~ppr oxamat el y one -qu arter  of the women in

15 and over , the proportion of cases yielding these ~I JS iz.i had chronic. 
- 

moderatel y svmp toni ata c

pathogens ~how~d a progressive decrease with  age ~u uirh i ~~t paronychia ot ti le fingers \o a t tem pt

Table 3 - The high rate of recovers’ of strep t o— \S55 made at culture.

cocci from men appears to have been due to a 
,~n advanced case of chroniom~-cosis ~‘it h ~‘el-

tendency for those with more severe infections low . fungat ing  cau l iflower- l ike masses protruding

to participate in the survey proportionatel y more from one leg was seen in an elderly woman (Fig.

frequent ly than those with milder infection s .
Streptococca l and stap hvlococca) isolates were - - -

tested for censiti v it s- to the fo llowing ‘ant ihi ot ic c ‘ ~~~~~~ :nh ’efio,,s and inf e .ciations

penicillin I 2 and to ~&g I , ers ’thromvcin , tetra cy- Cutaneous lei shman iasi s was seen in a 26-year-
dine , chloramp henic ot . cls )xa ci tl in , lincomy cin , old lumberman who worked in the jung le. lie
and gent am ir in . .\ll of the ( ‘.roup .\ streptococci had a 10 \ 10 cm , painful . deeply ulcerat ing
were sensitive to these antibiotics. Five of the lesion present for three weeks on the upper arm
IS non-(;roup A isolates 33” were resist ant to ( Fig, 4F I . (‘ut t u r e s  of t iss ue fluid from the
tetrac y cl ine.  but ail were sensitive to the other margins of the lesion wt re positive for lt ’l) t sIl ))() i )~t ( I
six ant ibiot ics . Of the 126 stap hvl ’ci ’ccat isolates forms and the indirect fluorescent antihods’ test
tested . 73 I 5S~ were resistant to penicil l in , 4 was positive it  a I : I 25 d i lut  ion .-~ biopsy showed
I 3’~ - 1 were resistant to tetrac y cline , and 3 t 2~ - I a histologic reactio n consistent with teishmaniasis ,
were r es ist . i nt  to chl oramp hen icol . -~ll stap h ylo- but no organisms were seen on a ( k-msa -s ta ined

_____
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section. The infect ion responded In twiitav aient almost none of the stap hylococ cal and st rept o -
ant imon ia l GI u cant ime ’~ therapy. coccal isolates were resistant to six zentibisltks

Five adult r t ’siilent s of Vaviza had smooth , common l y pres cri bed in the United States. This
round . 3 x 3 cm scars on the extreict it ics that situ ation wits diffe r ent than that wh ich we have
were compatible with healed leishmaiciasis. All encountered In ti ther tropi cal countri es . such as
had r ecently migrated fro m an ernknik area of Vietna m, where antii ,iutics are its common u~.c
Colombia. and high proportions of stap hylococci and strep-

tococci isolated from the skin are resistant to
DIS CU SSIoN tetracycline. ” We have no ready explanation Fur

This survey and others that we have conducted the fact that nearl y ôO~ of the cutaneous stap hy-
in Southeast Asia ,’3 Africa ,” and South Amcrica’ lococcal isolates from eastern Pa na ma were r esis-
have led us to certain conclusions concerning the tant to penicillin , although it is perhaps possible
relative frequency of variou s types of skin inf ec- tha t this may reflect the inlluenc e of nonmcdi cina l
tions in t ropica l populations. I t appears that (i.e., naturally occurr ing I penicillin in the en.

exotic “tropical” skin itsfec t ion~, such as cutan e s’ironmcnt .”
ous leishmanias is and trop ical ulcer , are ra re in When examining people with pyoderma , it was
the tropic s , whereas less spectacular infections , common to observe swarms of small flies of the
such as strept ococcal pyoderma , are usuall y prev a- genus Hippelates feeding on secretions fron t the
lent to a degree tha t would be considered epidem ic lesions. Ilippelafes flies have bee n implicated in
in the United States and other northe rn countries , the transmission of patho genic bacteria and may
These condusions are supported by the findings be important as vectors of st rep tococca l pyo-
of others ’’~ who have reported on thc relative derma. ’-”
preva len~c of cutaneous infecti ons iii trop ical We did not examine childre n for evidence of
a rea s where poor hygiene , anemia , and intestina l sub clinica l acute giomcru honephr it is (A.G.N.), nor
parasitism are endemic. They are also in agree- did we sero lugically type the stre ptococcal isolates
meri t with the opinion expr essed by Verh agen ci to determine whether nephritogenic M-typ es were
tl.~ that the exotic and unusua l have been over- present. We did check for clinicall y overt A. G ,N.
stressed in reviews of skin diseases in tropic a l and found no indications tha t it existed either in
countries; and tha t this has been diane at the the survey population or among patients it s the
expense of more common conditi ons which m di- local health center.
vidua lly are nut as serious , but which collectively The age and sex-specific pr evalen ces of ps-u-
may be more important. derma in Panama did not conform to the pistt ern s

The rates of recovery of strept ococci and usua lly described ,’ but differed In that infect ions
stap hylococci from pyoderma were in agree ment were equall y as common in older children as in
with those found worldwide,””  “ but the ap- pr e-schooler s and were distinctively more i~omm ’n
parent correlation between age of cases and ra t es in males than in females. ‘these findings suggest
of recovery has not been previ ousl y reported , tha t the epidemiology of pyoderma in the tropics
This may represent increa sing resistance to infec- may diffe r from that in temperat e areas of the
lion with incre asing age, as ‘i~ gested by a lire- wor lil.
vious study of pyoderma.” Even within the san te tro pical cesvirun meli , t h e

The simultaneous recovery of both streptococci type of population at risk may be the prin cipa l
and stap hylococci from a single skin lesion has determinant of the frequen cy sat skin infec t ions
led to a great deal of controversy in the past , but Surveys of 5)7 U. S. Army personnel who spent
recent evident-c indica t es tha t in must instances 3 months in a simila r area of Panama under dirt s’
streptococci are the prim ary paihugens whil e field conditions revealed a high incidence of
staphylococci are seconda ry wound colonisers ””  fungal skin infection , pa rticu larl y in the groin
Penicillin has been found eflective in treatment area. ’ Six weeks after arrival in Pa na ma , the
despite the presence of pen icillin-resistant stap hy- prevalence of culture-co nfirmed tinea ct-u r is was
lococcl in the lesions.” 1 1%. while tha t of cru ra l candi dlasis was 45% .

Antibiotks were seldom used in the populations These findings stand in marked contrast to our
we studi ed in Pana ma, and it w a s no surprise that findings in Vavisa and El (‘emun. where none of

____
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t he 11 4 men surveyed had fung ,il infections of i4 . (‘rujt-ksl,ank , K., 1965 iIedisat Micrub io1~~y .
the groin. The reasons for the se host-rel ated 11th ed. The %~‘iIlianss & Wilkins Co., Ba lti-
difference s are not clear and would seem to more.

warrant further investig ation. 9. iLsuer , ‘c . W., Kirby, W. M . M. . Sht- rri s, J .  (‘.,
and Tur c k , ~sf., I’16&. Anttl ,sotsc ‘usi -s -p ialss l i iv
ti-sting by a st~andar4izcs l ingle disk method

A(g N5)WLE DCME~~TS .l in . I. Clin. PeSh,,1., 45: 493-496.

~Ve wish to thank Dr. Denn is R. Swan son , Dr. tO. Taplin , D., Zaias, N., Rebs~ll , G., and Blank , II .
1969 . Isola t ion and recognition of dc’rm at ia-Pa blo Othon , Mr. (.aston Bernal , and Mr. lgnacio lihytes on a new medium (DTM ) . .  lob .  1k’-

Bocanegra for assistance in organizing anti con- muts,1., 90: 20-(--209.
ducting the survey ; and Ms. Lyle Lanstk-ll ~,nd I~~. Walton , B. C., Brooks , W. I-i ., and Arjon a . I..
Ms. Ir ma de Arj ona for per forming in-vitro 1973. Serodiagnosia of American leishmaniasia

tn - indirect fluor escent antibod y test. . In. . I.labo ratory studies. Tn,p. Med. Ilyg., 21: 296-299.
12 - Alle n , A. M., Tap lin , D., and Twigg, L., 1971.
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Costa Rica. 1975.

“ Through direct observation of health and disease in nature ,
the aim Is to identity va rying distributions ot a condition , in place
and in time, and accordin g to characteristics of the peep1. affected ,
with the objective to det. rmine factors of man and of environment
active in causation. tt is the diagnosti c instrument of mass disease.
It rests on principles derived from Thoreau, that if one would learn
about nature, it is necessa ry to go where it is . . . . An epidemio-
logic analysis leading to identification and assembly of those cha rac-
ter istics of m a n  and environm ent contributin g to the complex of
c ausality is clearly the prime requisite to a programme for preven-
tion and control of a community disease. Co ntrol ooerate, Qt’c
epiderniologica l facts ,”

from “Ecologic Interp lay of Man, Environ-
ment and Health” , John E. Cordon, American
Journa l of Medical Sciences 252 , September 1966.

The principles expressed by Dr. Cordon almost ten years a go represent
the backbone of our field studies unde r this contract , and as  we see it , our
major contribution to the needs of the USA Medical. R &c D Command~ that is to
establish the epldemiological facts on which future control measures and re-
search efforts may be based. This portion of the report concerns Itself with
our progress in translat ing these wel l-meani ng phrases into actua l productivc
work in the field .

En 1968 and 1969, the field epidemiologic team t~.nder Captain ( now CoL )
A lfred M. Allen was prov ided wi th a so phisticated labor atory facility without
which this prod uctive period of TJSA M.R & D s ponsored research would not have
been poss ible. The many tecb .niq’sos ‘and experience developed under this con-
tract contrib uted much to the success of this team, but it stil l required a base
labora tory in the field to support the team in microbiologic capabilities. Since
1969, we have atte mpted to cont inue our program me in field epidemio logy in
Uganda , Colombia, VenezueLa and Nigeria. En each of these countries we
were provided facilities and labor ato ry space by the University centers in
Kampala , Bogota , Caracas and L&gos. Although our hosts were hosp itab le
and generous , the projects were of ten in j eopardy because of seemingly small

- problems which arise unde r the stress and time considerations imposed by
handling hundreds or sometimes thou sands of culture isolates. En la rg e sca le
mobile epidemiol ogy studies , efficiency in media preparation , ha ndling of
cultu res on a daily basis and preparing them for sa fe shipment back to the
t, nited States becomes of paramount Importance , an d all, of this must be ac-
complished whil e finding relativ ely safe food and water for  the f ield team ,
arra ngin g schedules for  the population studies , finding sleep ing accomrnoda-
tions and taking care of the many liason and logistical problems.

- --~~~~~~~~~~~~~~~~~~~~ -~~~~~ _-~~~~~~- .~~~~~~~.~~~~~~~~ - - -—~~~~~~~~.--~~—- ~~~~~~~~~ - -



34

Much of what we take for granted in our home laboratories (incubation
space at the correct temperature , glassware , disposable pet r i dishes , re-
friger ator storage and electricit y 24 hour s a day) w ere often not available in
the area of operations . We , th~~~.~q-r e, conceived the idea of a self-contained
mobile epidemiology laborato ry and living facility for a field team able to
go anywhere in the world to conduct survey s, mainta in the health and comfort
of the team, a~d be able to handl e the intak e of specimens on a da ily bas is.
We were concerned with the total logistical problem s of getting field teams
into endemic and often remote areas and out again with the least encroach-
ment on the limited resources of the host country and with maximum effi-
ciency and welfare of the team. The following I s a report of progress and
ou,r ~~per ience in Costa Rica.

Planning : In the early month s of 1975 , arrangements were made with
the Universi ty of Costa Rica in San Jose to train a field team in Costa Rica
and to begin epidemiologic survey s In areas which had not been previous ly
evaluated. Appropriate permissions were obtained fro m the Minist ry of
Health , the Universi ty of Costa Rica , the College of Physicians and Surgeons
and the Costa Rican Derin atologic Society . The team was to consist of
senior microbiology students and physicians from the University of Costa
Rica and the project was to be coord inated by David Tap lin. The mobile
facility consisted of a modified HI-LO trailer which collapsed for towing and
shipping, but could be ex’ended to full height when on station. The interior
was equipped with 110 V and 12 V wiring and lighting, two work benche s ,
double sink , toilet-shower , stowaway beds to sleep six , 110/1 2 V incubator ,
centri fuge, microscope and consumable supplies to conduct microbiology.
Our’ hosts Informed us that the project should get underway not later than
J une 1st , due to the encroachment of the rainy season and the lilcelyhood that
some of the roads in remote areas might not be usable.

The trailer and Jeep Wagoneer were shipped from Miami to Puerto Li.mon
in mid May, 1975 , where we met the ship and drove the unit directly to the
Universi ty of Costa Rica. The first week was spent in conferences and liason
meetings with faculty members of the University, selecting students for the
team , orientation lectures and planning. It was decided to make a prel imi-
nary run to two isolated v illages , Nara nja l and Cangreja l in the center of
Costa Rica , which were high ly endemic for cutaneous leishmaniasis. The
student s selected were about to graduate from a four year programm e and
were skilled in clinica l microbiology , parasito logy , ixnmunology and mnyco-
logy, but had little exposure to organized field ep idemiology . Their faculty
advisors were highly enthusiastic at the prospect of sending their best stu-
dents into the field. With less tha n a week to prepare , five students were
assigned a variety of projects to tackle, In addition to cur primary objecti ve
of estimating the prevalence and etiology of skin infections. The projects
selected for them included: -

a) Collection of blood samples from cases of healed and active cuta -
neous leishxnan iasls for later serological testing with an equal number of
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b) Eva luation of immediate and delayed skin test reactions to two
antigen preparations from Leishrna nia b raziliens is.

c) Trapping and collecting slugs (Vaginulus (Sarasinula) plebeius)
and small rodents , the Intermediate and definitive hosts of Angiost r ort gylus
costarice nsis.

4) Evaluating the prevalenc e and etiology by cultural methods of
common skin infections, both bacterial and fungal.

Any one of these projects was worthy of a field study in its elf, and
considering th. difficult roads , an untested mobile unit sta ffed by a newly
fo rmed team , and only a vague idea of the population distribution , it was
unlikely that any of the projects would be completed in the seven to ten days
we estimated we could rema in on station. However , rather than introduce
a nega tive approach , we tackled all of the tas ks , believing that this would
be the quickest and most effective way of gaining experience as a team. It
was indeed a valuable Lesson. The trailer was stationed in San Igna cto,
and we proceeded to the villages of Cangr ejal and Naranjat using the Jeep
Wago neer . The roads to these two villages consisted of 25 kilometers of
narrow uneven cart tracks of red clay winding throug h mountainous terrain ,
which although navigable in the mo r ning, became treacherous mud slide s
after the afterno on rains. We eventually resorted to packing sup plies on a
horse and walking the team in, but even this presented problems for man
and hors. In attempting to maintain a foothold on the steep inclines. After
four days a bruised and exhausted team succeeded In culturing 12 cases of
pyoderma , identifIed 11 cases of leishznaniasts , trapped one cotton rat and
collected t en slugs. Landslides cut off our water supply in San Ignacio ,
and the water supply in the trailer became contaminated with transmission
flui d when local boys who had climbed a. mountain to bring us water in cans
tied the funnel from our tool kit to fill the on-board holding tank. In four
days we wore out the disc brakes on the jeep, had problems with the lights
and transmission and split the fuel tank, losing an entire day and night for
r epairs. In short , we spent more time solving mechanical and logistical
problems than conducting field epidemiology, which was not likely to be
mean ingful in any case because the population at risk lived In isolated dwel-
lings among the mountains rather than in two discrete “villages ” as we had
expected. There fore , no estimate of prevalence of disease could be oh-
tam ed becaus. we had no denominators.

Thus , In the first week thi s fledglin g team learned some valuable las -
sons :

a) A prio r scouting expedition to th, proposed target population is
essential to evaluate road conditions , popula tion distribution, and to a rr ange
for a census or appropriat , samp ling technique if prevalence dat a Is sought.

b) Tackling a variety of clinical problems dilutes the team effor t and
is likely to produce no worthwhil. results from any one pr oject.

c) Testing of hardware (e. g. the Seep) must be conducted under condi-
tions to be expected in the target area. While suitab le for the flatlands of
Florida , the rough mountain tracks In Costa Rica resulted in major mechanical

-~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~
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failures after only one week.
4) No essential functions (supp ly of drinking water for example) should

be dele gated to non-team members.
e) Th. basic laboratory field methods worked well .
f) The team could work in harmony under conditions of severe stress.

On returning to San J ose , meetings were held with the Dean of the
School of Microbiology, other Faculty and the field team students. It was
decided that the lessons learned in the first week were valuab le, and that
the team was now prepared to tackle a definitive s ingle study related to skin
infections. David Tap lin was appointed team chief , and the field team was
to consist of four students and a physician, with another physician to follow
up cases in need of urgent medical care. In this way the field team could
concentrate on epIdemiology without ignoring the need of health care delivery,
at least for the moat deservin g patients. Three objectives were selected:

1) To estimate the prevalence of skin diseases among school children
in rural areas in relation to environment (altitude, climate, ve getation, in-
sect vectors, agricultural practices, housing) . a go and sex.

2) To identify populations with significant problems to guide future
allocation of medical personnel and funds , or areas wher e futur e ~~inical
studies would be r ewarding.

3) To test two methods ( L.A lB. medium and MIAMI medium) for reco-
very and presumptive Identi fication of Staohvlococcus aureus from skin
lesions under field conditions.

Backgro und: B etween Santa Ana , 20 kilometers west of San Jose and
the town of Pa r rfta on the Pa cific coast of Costa Rica , there are 23 schools
on or near the highway over a distance of approximately 140 lcxn. None is
more than B lcn from the next school and each has art enroLlment of between
60 and 230 student s, ranging in age from 7 to 16. These schools are situated
at altitudes ranging from 1, 100 M at Cerbeta na to sea level at Par r ita. All
children are of similar ethnic deriva tion , and all populations in the study were
rural. These schools , therefore , represe nted populations at r isk living at
altitude , which could be much more closely defined than in previous stu dies.
Moreover , noth ing was known concerning the relative frequency of skin dis-
eases , nor their etiology.

Mindful of th. lesson learned in the first field experience , Dr. Roger
Bolalos and David Tap lin made a prelim inary visit to all 23 schools along
the highway, interviewed the school princi pals and evaluated the logistical
problems. From this trip it was Immediately evident that there was no clear
understandi ng of the prevalence of skin infectio ns , except that the reports
from higher elevat ions suggested that there were “ ver y few” whereas in
Parrita. the teacher s reported “a tot” . We were also impressed with the
myriad. of Hionelates flies in Parrita which we had not encountered at the
higher elevations. It was also apparent that the temperature at 100 M and
only ten Km distant was sensibly lower tlmn the sea level area of Parrita.

The situation appeared ideal for our studies , and nine representative
• rural schools between Purisca l and Par ri ta were selected for surveys. Be-
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cause the highest prevalence and conseque ntly, the greatest wo r k load was
likely to be found in Parr ita , it wa s decided to drive the mobile unit directly
the r . and to work back , thus taking adva nta ge of a fresh rested tea m whe re
wo rking conditions would be most adverse. The tea m was reassem bled .
the trailer stocked with food and media , the Jeep repa ir ed and we drove
uneventfu lly to Par r ita to begin the studies.

Methods: At each school , attendance was checked against enrollment
and all children not in school at the time of the sur vey were accounted for
and their reason for non-atte ndance r ecorded. All children were examined
fr om hea d to toe by one observer (D. T. )  and all skin lesions recorded on a
body diagr am sheet. A notation of clinic&l diagnosis and stag. of disease
ware recorded at th is time with instr uctions for the two microbiology stations ,
according to the following criteria :

Active oyode rina - culture (well circumscribed single lesion with pus , c ry-
th.ma and crust , obviously infected ) ,
Hea lin g oyoderma active - culture (obviously has been worse and now hea ling,
but still clinically infected ) .
Healin g nvoderma dry - no culture (still evident lesion, but not an old scar ,
no evidence of infection , dry intact epidermi s , rio c rust ) .
Old scar - no culture (obviously was once a pyodernta , but now only residua l
super f icial scar or hype rp lgmeot ation) .
P’~oderrna s active - take best one for culture fu sed for  cluste rs of ‘~estons or
multiple lesions, most purulent or act ive selected ) . -

Very ear ly small - culture (any very sma ll lesion not yet echth ymatous , but
looks infected , e. g. pustul e. infected insect bite , et c.) .
Infected abrasion - culture (any abrasion showin g serous or puru.lent exudate
with erytbema).
Fresh abrasion not infected - no culture.
Old leishmanta sis scar - record origin (no active cases of teishmaniasis seen
l.a this survey, all old scars were in children who once lived in endemi c area) .

Two microbiology stations were set up, each manned by two students
using Identical methods. Crusts were lifted to expose pus and healing lesions
were gently knick.d with a scalpel and squeezed to express underlying pus.
Material was collected on two calcium alginate swabs; one was tied to ino-
culate Trypticase Soy Agar with Sheep Blood ( TSAB) and the same media con-
taining 0.8 ja g/ml Crystal Violet; the other was used to inoculate a plate of
LA IR Staphylococcal medium and a plate of MIA MI Sta phylococcal mediu m.
Clinical photos were taken of typical lesions. All p lates were streaked iden-
tica lly within 2 hours of collection, and incubated at 35 to 370C. A .  cultures
were read at 24 hours , scored and picked by the same obser ve r (D . T . ) .
Cu ltures were ~reser ved for retur~. to Miam i, where S. aureus was confirmed
by tube coagu lase test. ~ oj enes was Identified by hemolys is on Sheep
Blood A gar and bactraci n sens itivity . Antibiotic sensitivities were eval iated

• by the Kir by-Bau er technique.

Results: FIg ure 3 shows the relationship of altitude to preva lence of

• - ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Table 11. Pre va lence of Pyode ruta
PARRITA School - Costa Rica

BOYS - ‘ GIRLS

• # infected! ~ infected!• examined • exam ined
- - 6 10/10 6 8/15

• 7 3/15 7 4116
8 8/ 14 8 8/13

- 
9 5/12 9 6/20

TOTAL. 24/51a 47% 26/64~4l%

10 4/ 13 10 7/ 19
11 3/13 ii 1/9
12 . 1/10 12 2/1 2
13 - 1/6 13 0/5

• 

- 
TOTAL 9/42 -21% 1O/ 45 22 %

- 
Overall TOTAL 69/202 ch ildren with active clinical lesions

a 34% prevaLence of pyoderma

• 84/202 children with positive strep culture

- 

32% laboratory proven strep pyoderma



- - 
-- 

-- -- “ ‘~~~~~~~~~~~~

40

1

i 1 Table 12. PARRITA School - Costa Rica

• Typ. of Total Children Ret. overy of Recovery of
L.eston Sampled S. aureus Strep pyogertes

ear Ly 18 1~, ( 55%) 12 (67% )

I 

~ 
active 55 46 (84%) 54 (98%)

heaLing 10 7 (70%) 10 ( 100%) - •

TOTAL. 83 63 (76%) 76 (92%)

L~~~. • —. ~~---- ~~~~~~~~~~~~~ - - - -. •~~~~~•~~~~~~~~ _ _



Table 13.
I

Antibiotic resistance In S. aureus. Clinical Isola tes
Costa Rica. Kirby-Dauer method. 322 str ains tested.

Antibiotic % resistant

PenicillIn 0 68
TetracyclIne 15
Erythxomycin 5
Chlorampbenicol 3
Cloxacillln 1.2
C.phalothin 0.6

1•

~

-

~ 

-- --~ -~~~~~~~



- .-- — --~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

42

Table 14. 63 Post-Pubertal High School Students
Gloria High School

• Diagnosis Males (28) Females (35) CombIned
Prev alence

T. pedis 7 11 26%

T. corporia 3 4 11%

‘I’. ver sicolor 7 19%

Pyoder nia 3 4 ll% *

Old leishma nj asj a 6 8 19%

~oniy 4 pyodermas yielded streps • 6% proven strep pyoderma

-1-
1-



confirmed stzeptococ ta L pyoderma. Many were severe or znultipl. inJections.
Onl y 12 Km distant, at an i.ltitude of 300 M , the prevalence was only 8%.
This was little different from schools at altit udes up to 1 , 100 M. Table 11
shows the preva lence of clinically active pyod.rma in one Parrita school by
age and sex. Ther. was no difference in pr .va lence re latin g to sex, but
there was a difference rela ting to age. The number of children eTamined
represent s the age distribution of th e school enro llment (only 6 of 208 cliii-
dren were absent from school) . The number of children at each year of age
from 6 to 13 is too small for prevalenc, determination by year . but it can
be seen that children of either sex under 10 years of age were twice as likely
to be In fected tha n their older schoo l fr iends. The data further suggest that
the six year aIds were most at risk. TJn fortunately , we could not examine
preschool chUth en without designing a separate study . However , the 70%
prev alenc e (18 of 25) among the six yea r olds certa~ily suggests that younger

• children might also suffer a high prevalenc, of infection.

Table 12 I s an attempt to determine the Initial etiology of the common
skin infections. Lower recoveries of S. aur eus and S. 3yogenes were ob-
tained from early lesions when compared witS active or healing lesions .
Ove raU , however, the figures are close to those we obtained in previous
tropica l a reas , i. e. over 90% of all ourulent skin infections, regard less of
the initiat ing factors or clinical appearance , yield a Group A Streotococcus
ovogenes.

Antibiotic resistance: Antibiotic sensitivities were performed by the
Klrby~Bauer technique on the S. aure us and~~ vo enes recovered during

• these studies.

Table 13 show s the percent of strains of S. aureus resistant to six anti -
biotics. There was no geograp hic clusterin g of resistant strains. This data
is Interes ting because of the high percentage of stra ins resistant to Penicillin
C f 68%) , from skb~~esions of children in areas wher e antibiotics were not
available and few If any children had ever received penicillin. This is s iini-
l.ar to Dr. Allen ’ s findings In a re mote village In Pa nama , and indicates that
penicillin resistance Is not necessarily related to the the rapeutic use of peni-
cillin. W. even found strains resistan t to Cloxaciflin , not available at all. to
the popu1atioi~ at risk , again indicating the presence of small reservoirs of
resistant strains in remote rural areas . One strain from a patient was m e-
sistant to Penicill in C, AxnpLc ilhin. Tetracycline , Cloxacillin and Chloraniphe-
nicol. The same patterns of resistance were found in strains isolated from
Hiooelat e, flies; 9 of 18 strains were resistant to Penicillin 0. One was also
resistant to CLoxacihin. All S. aureus isolated from any source was sensitive
to Neouiycin.

Ninety — five percent (95% ) of all X!j !~f~ 
tested (129 stra Ins) were

sensitive to Bacitracin (i. e. presump tive Group A).  Only 5 cases in the en-
tire survey yielded a non-group A strep as the only hemolytic streptococcus —

recovered. Eighty perce nt (80 % ) of isolates wer e resis ta~it to Neoniycin. 5~’.

- - -
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were resistant to Tetr acycline , and al] were sensitive to Peniccllin C, Chlo’r-
amphenicol, Erythrozuycln and Cephalothin.

We were Impressed by the abundance of Htppelates flies seen feeding on
the purulent skin lesions and fresh abrasions of the Parrita children. Two
student s captured 14 flies on or near skin lesions in individual sterile containers.
Three day s later they were squashsd In steril e saline and one drop was str eaked
on culture media . Six yielded S. aure us and four yielded ~ Hemolytic Streps.

Table 14 depIcts the results of a survey in a high school at Gloria (altitude
400 M), where the students were aged 13 to 19. This was the only population
in which we f ound der matop hytosis and Tines versicol or. On. in every four
student s had Tinea pedis, one In ten had Tinea corports, one in five suffered
from Tinsi vers icolor and every fifth student carried one or more scars of
cutaneous leisbmaniasls (all of thes. had active leish .maniasts while living as
children in Turialba or Puxtscal). We found no cases of the “post-pub ertal”
skin diseases listed above among 113 children, 7 to 13 years old, in a school
only 2 1Cm distant and only 60 M higher , but we did find exactly the same pre-
valence (6%) of str. ptococcal pyoder ina.

1
4
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DISCUSSION

These studies clearly illustrate what can be achieved In a short period of
time by well-motivated and carefully selected fieLd teams , and further illus-
tra tes the pot entia l value of the mobil. laborato ry field nu t. Following the
“ shake down ” tri p in the first week, the entire series of studies outlined her e
were completed during one additional week in the field. Thus , a team which
had never worked together before , was able to conduct studies within a month
of the arrival of the trailer unit in Costa Rica , and arrived at the following
conclusions : -

1) Throughout the entire school system between San lose and Par r ita , the
only populations at serious risk to skin infections were children in the delta
area of the Rio Par r ita . Skin infections in all schools over 300 M altitude
are unl ikely to reach pre val ences over 10% of the school enrollment.
2) In Parrita , the youngest children had the highest preva lence, suggesting
further investigation of pra-school children. Boy s and girls are equally at
risk.
3) The high prevalence of inf ection was associated with an abundance of
biting insects (mosquitoes and culicoides), and the p resence of wound feeding
eye gnats (Hinoelate s). Mus ca domest ica were found at all altitudes , but
Hionelate s were Only found below 300 M.
4) Croun A Str eptococc us pvogenes were recovered from over 90% of purulent
Lesions . Endemic or ep idemic Acut e Glorner ulonep hritis could pose ser ious~
problems among the younger children of Parrita , and should be investigated.
5) Penicillin resistant 5. aure us are abundant even in rural areas where
littl e or no penicillin is used.
6) Further studies on ba cterial skin infections including clinical therapeuti c
trials should be conducted In Parrita. Other locations would not be worth the
effort. -
7) A comparis on of two diagnostic methods for S. aure ’-is indicated that ac-
curate epidemiology may be conducted with little or no microbiolo gical cx-

• pertise even under adverse field conditions.
8) Derniatop hytos is and Tinea versico lor are post-pubertal diseases. Cliii-
d r en under 14 would be inappropriate subjects for further studies.

We considered these experiences an excellent sta rt to the field pro-
gramme in Costa Rica. The concept of a mobile field epidemiology unit was
so impressive to our Costa Rican colleagues that plans were made to esta-
blish a division of Epidemiology at the University, build aroun d the trailer
project. En addition , our experiences in Costa Rica opened up rich new poten-
tial for future studies, particularly in programmes of prevention and thera - ~ -
peutic trials. Following the use of the trailer system as a mobile epIdemiology
unit, another team evaluated its potential as a travelling clinical Laboratory.

- _________________________ - ~~~~~~~~ • • .



Epidemic Furunculosis.

The following epidemic began on July 3, 1975 , and cont inued beyond the
period of this contract, but Is reported In toto.

On July 3, 1975, an 18 year old male abraded a large area of his back when
he fell off the hood of a moving car on to a rough road surfaced with oolitlc limestone
near Pinecrest on Route 94 in the Everglades. On July 6 , his extensive abrasion
was obviously infected , covered with eschar under which was a purulent exudate.
The surrouztling skin was erythernatous and he had a fever. He was advised that
he needed antibiot ic therapy and should Immediately seek medical attention. This
he failed to do, and instead was adm inistered first aid by a girl friend who bathed
off the crust s with a clean towel and warm sal ine. This towel was then placed in
a washing machine on cold cycle, along with the shirts, jeans and underwear of ten
teenagers who were living Iii a house trailer in the Everglades over the July 4th
weekend. 8 of these 10 teenagers developed furuncles within two weeks, and the re-
maining two within four weeks.

Cultures from the original case and all of the subsequent 110 furuncles which
developed yielded pure growths of Staphylococcus aureus, phage type 29/52/ 80 ,
resistant to penic illin and tetracycline.

Th~R group of young people formed a close knit “family” or social peer group
numbering 21 indIviduals. They came from 13 different households scattered over
an area of 50 x 5 miles from the small village of Pinecrest in the Everglades to
the suburbs of southwest M iami. The outbreak was almost entirely confined to the
peer group, 19 of whom eventually developed furuncles. There was a secondary
“epidemic ” in a single family (fam ily A) comprising two adults and th irteen children.
In this household, sleeping conditions were crowded , and all but two members of
this fam ily developed furuncles.

The investigator (David Tap]1n) Interviewed each new case , photographed and
cultured the lesion, and advised them to Immediately seek whatever medical atten-
tion was normally available to them (family doctor , clinic , etc. ), or to report to
the emergency room of the nearest hospital . By the 58th episode of furuncles , it
was clear that local physic ians and hospital s were not approaching the problem as
an epidemic, and in 13 episodes , an inappropriate antibiotic was prescribed , usually
Axnpic illln. The local Public Health authorities offered advice and guidance, but
declined to Ident ify the outbreak as a public health problem, since it was confined
to a small group who were individually advised to see their doctor. In the eighth
month, all subjects and their contacts were offered free services at a community
clinic and urged to report before a new fur uncle ruptured.

We had become aware by this time that early treatment w ith cloxac ilh in could
abort a developing furuncle , and that this could prevent further spread to contacts.
It also became evident by carefull y matching case histories , that transmission was
associated with skin to skin contacts. The scatter diagram of body locations of
fur uncles (Fig. 4 ) will give an Indication of the type of contact most probably
involved. 69 set s of cultures from the anterior flares , finger tips and perinuem
were made in the peer group. The perineum was the most common source of post-
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tive cultures for S. aureus. (37 of 69). Anterior nares were posit ive In 23 of 69
attempts, and the finger tips 13 times in 69 attempts. 30% of perineal cultures
were the indicator stra in as were 40% of the finger tip cultures. Only 20% of the
strains from the anterior nares were the same strain as that causing the furuncles
based on antiblograms and phage typing. S. aureus was recovered ten times from
25 cultures of the crotches of blue jeans and underwear , but the indicator strain
was recovered only once, from the jeans worn by a girl with a concurrent furuncle.

12 of the first 18 persons who developed boils had regularly used an ant i-
bacterial soap. Family A were advised by their physic ian to bathe daily in a
hexachlorophene containing detergent solution, which was also added to the bath
water. They cont inued this regimen for three months, during which 16 furuncles
occurred in ten of the thirteen fam ily members. The prior or continued use of
ant ibacterial soaps had no effect on the acquisition of furuncles. Among the first
eighteen cases, six were users of a non-medicated soap, and twelve used popular
brands of antIbacterial soaps.

The family which most vigorously used an antibacterial agent in the form of
a hexachiorophene detergent had the highest attack rate of boils. This experience
suggests that regular and exclusive use of these products was not effective in pre-
venting furuncles.

During the first six months, every pustule or “pimple” was cultured as it
occurred. In 15 attempts at culture in which S. aureus was not recovered , none
developed Into a furuncle. In more than 50 occasions when the small pustule pro-
duced S. aureus , an developed into furuncles, and the strain was the Ind icator
strain (29152/80).

The epidemic was finally brought under control In April 1976 , when all house-
holds at risk were educated in the early use of cloxac ilhin, and suffic ient supplies
of antibiotic were given to each household. Nevertheless, an “escapee” from the
peer group moved to Naples, Florida In June 1 976 , developed a new furuncle , and
was treated with tetracycline, to which he did not respond . During the following
three months, 8 new cases occurred in Naples , and all were clustered socially
around the “new ” indicator case. No new cases occurred until March 1978, when
six additional cases occurred in the original peer group within two weeks. This
investigator (David Taplin) was out of country at the time, and although most of
the group had now become adult s, they showed no In it Iat ive In tackling this new
outbreak, although they fully ‘~iderstood the mechanisms.

On return of the investigator to this country, all were Immediately treated
with cloxacl.Uln, and no new cases have occurred as of July 3, 1978, three years
after the init ial epIsode.

Discussion: This epidem ic clearly began as a common source outbreak ,
which later developed Into a propogated epidemic . The towel , heavily contaminated
w ith pus , may have been the sourc e of a massive inoculation of clothing on July 6,
1975. Although all ten individual s who washed their clothes in that load developed
furuncles within four weeks , so did eight others who stayed in the Everglades that
weekend and did not wash their clothes.

--- -~ -~~ • -- • • •  - -~~~~~~~~~



In any event , all of the 21 cases occurring In the first six weeks had spent
all or part of the July 4th weekend in the house trailer. From then on , it is clear
that transm ission occurred primarily through close body contact. Except for
Family A , there was a low rate of transmission in their own households , and in
general , the infections were not passed on to fam ily members who were not in the
peer group.

This study leads this investigator to the conclusion that earl y treatment with
appropriat e antibiot ic s is ind icated In the management of fur unculosis. M any phy s-
ic ians do not share this view , believing that incision and drainage is the method of
choice , and that ant ibiotic therapy adds little to the management .

The pattern of spread in this epidemic strongly Indicated that a dra ining boil
was a significant source of new infections among close contacts. There was also
a benefic ial effect in reducing recurrences in the same patient . The choice of ampi-
c iJ.lin by at least four physicians was surprising. Even without sensitivity tests,
the chances of a boil-producing S. aureus of Group I phage types being sensit ive to
penicillin is only 20-30%. In these instances, the physicians were informed of the
resistance to penicillin, but apparently were unaware that ampic LUin Is a 3-lactamase
degradable penicillin. Four patients received extensive and expensive work ups to
uncover possible imm unologic defects or other systemic problems in spite of the
knowledge that they were part of an epidem ic Involving at least twenty other individu-
als. Not a single person in any medical facility questioned the patients or parent s
regarding conUcts or other persons with furuncles during more than 100 visits.

More physicians in our area are now doing this after attending post-graduate
courses at our inst it ution , with the result that two more clusters of furuncles have
been uncovered. In one cluster of seven individual s, all young adult s, the common
incident was a sexual encounter. In the other instance, six other cases were found
when the patient, a twenty year old woman, was questioned, but the mode of con-
tact was not established.

In summary, It is our belief that physic ians treating furuncles should inves-
tigate the possibility that their patient is part of a cluster , that appropriate ant i-
b iot ics have a role , and that early treatment of new furuncles before they rupture
will help in limit ing the spread.

Finally, It Is apparent that the offending organism can remain undetected
for many months without produc ing overt infection. We were unable to detect a
common carrier or spreader in the group, nor was any single location Identified
as the source. The house trailer in the Everglades was never used aga in by the
group and could not be implicated after the initial episode. A family whic h moved
Into the trailer did not develop fur uncles. The only consistent feature was person
to person contact. Clothing was often shared , but in only two instances did this
result in a new furuncle in the clothing rec ipient .

Unlike streptococcal pyoderm a , furuncle s did not require skin trauma as the
Init iat ing insult. As is well known , these boils began as a single infected hair
follicle. Patients who developed several boils in the same body sit e believed that
this represented recurrence of the same boll , but close up photography showed
they were always newly Infected hair folli~~ s.

- 
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Table 15 . Attack Rates.

Peer Group 19/21 R 90%

Family A 10/ 13 • 77%

Other Families 7/46 = 15% - - - - - 
-

School contacts 0 - -

Other contacts = 0 - -

Table 16 •. Frequency of Boils In One Year.

Peer Group : 67 boils in 19 patient s 3. 5 per pat ient

Family A: 26 boils in 10 patients 2. 6 per patient

Other Families: 9 boils In 7 patients 1.3 per patient

Table 17 . 73 EpIsodes of Boils.

63% Of those receiving incorrect or no antibiot ics had a recurrence of
boils within one month.

4% Of those receiving correct antIbIotic had a recurrence within one month. 
-

86% ReceIving incorrect or no antibiotics had a recurrence within three
months.

25% ReceIving correct antibiotic had recurrence within three months.

Table 18 . Reasons for failure to receive Correct Antib iot ic s.
(58 Epldsodes of Boils)

Did not seek medical attention 38

Prescribed Incorrect antibIotic 13

Correct ant ibiot ic but did not take pills 7

Took pill s not prescribed
(shar ed a friend ’s prescription ) 16*

*None of these cases took more than 2 grams cloxacillin total.

L - 
- - - -
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Table 19 . 73 EpIsodes of Boils.

Boil Recurred In Recurred in
Aborted one month three months

Received Correct 23* 1 5
• Antibiotic (24)

None or Incorrect
Antib iot Ic (49) 4 31 10

*Includes three given ant ibIotics after boil ruptured.

I



51

DISTRIBUTION OF 110 FU flUN CLES
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Addendum.

As this report was due to go to print , I learned of a fourth cluster of
furuncles in Hollywood, Florida, brought to my attention by an alert pri-
mary care physician who questioned his patient . This latest outbreak in-
volves eight young persons aged 15 to 18 from seven households who have
developed 23 furuncles between August 1977 and August 1978. Once again,
transmission was associated with close contact among a young peer group.
All but four furuncles occurred on the groins , inner thighs and buttocks.
Only three of the eight subjects sought medical attention, and only one re-
ceived appropriat e antibiot ics.

In addit ion, a physic ian in Pennsylvania who was familiar with our Flor-
ida experience has reported a recent cluster of furuncle cases among young
adults, in which four women developed furuncles after sexual encounters
with a man with recurrent Infections. Again, the lesions were in the inner
thighs and buttocks.

I wish to thank Dr. Harvey Blank, Dr. Richard Feinstèln , Dr. Kenneth
Hertz and Dr. Steven Ox-man for bringing these additional outbreaks to my
attention.
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BACTERIA L INFECTIONS - PREVENTION

The Chinle Study. 1975.

Summary .

In a two month period of carefully monitored showering on a daily basis , we
could detect no effect of antibacterial soap In the prevention of skin infections among
school children aged six to thirteen.

The prevalence of S. aureus on normal skin was consistently lower in the ant i-
bacterial soap group than in the placebo group. There was an Increase in the pre-
valence of Group A S.pyogenes on normal skin related to the use of active soap for
two months, part icularly among the girls. However , recovery of Staph and Strep
from normal skin by the RODAC system did not correlate well with clinic al disease ,
and probably represents transient contamination rather than skin colonization.

In vitro studies showed enhanced activity of active soap when compared w ith
the placebo soap against S. aureus but not against G roup A S. pyogenes.

The distribution and streptococcal etiology of the skin Infections were typ ical
of common skin infect ions seen in the United States , Africa and South America.

Double Blind Trial of an Ant ibacterial Soap for the Prevention of Common Skin
Infections

It is evident from our studies in Vietnam and with the Colombian Army that
the most common cause of bacterial infection of the skin among mil itary personnel
exposed to rugged environm ents is likely to be Stx~ptococcus pyogenes.

In the late sixties , a recommendat ion was made from the Armed Forces
Epidemlological Board that the use of ant ibacterial soaps should be encouraged as
an aid to the prevent ion of bacterial infections of the skin. Thi s recommendation
was based previously on stud ies conducted at West Point and Annapolis military
academ ies, which showed an apparent statist ical reduc t ion in pri m ary skin infect ions.

No controlled studies have been conducted to our knowledge to determine th e
value , If any, of antibacterial soaps in the prevention of the more common strep-
tococca.l infections of the skin.

The value to the military of such a study is obvious. \Vt ’ were , therefore ,
enthusiastic when offered the opportunit y to conduct such a study In a population
with a high prevalenc e of Infections.

~
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Background .

Following planning meet ings with the University of M iam i Investigators ,
the Bureau of Indian Affa ir s (Chinl e. Arizona) , the Princ ipal of Chinl e Boarding
School , and the Food and Drug Adm inistrat ion , a stud y wa~ init iated at the Chinl e
Boarding School , Chinle , Ar izona , In an attempt to answer the quest ion:

Is there value in the daily controlled use of an antibacterial soap
bar* compared to plain soap bar In the prevention of bacterial
skin infections ?

Essentially, we assigned commerc ially available soap bars to spec ific dorm-
itories, of the type which would rout inely be used in the school .

In the scientific sense, Chinle Board ing School was ideal for the study of this
kind because the children were for most of the time in residence, separated into
dormitories by age and sex, each with its own shower facilities physically sepa-
rated from each other. A daily attendance sheet was ava ilable , and we had excel-
lent cooperation from the school adm inistration with permission to monitor soap
usage. Prey b u s  report s suggested that skin infections had been endem ic in the
school for some years.

Materials and Methods.

All children enrolled at the school were Included In the study. Color coded ,
but otherwise Ident ical , soap bars were assigned to each dorm itory. Hal f of the
populat ion were assigned an active bar and half the placebo. The pattern of distri-
bution of the soap was assigned to achieve as far as possible equal weighting ac-

- • cording to age and sex and the results of basel ine clinical studies (prevalence of
Infection) , but the code was not known by the invest igators.

Prior to the start of the study, all soaps and shampoos were removed from
the school and replaced with plain soap and shampoo for a period of one month.

Throughout the first two month period , soap usage was monitored by the dorm -
[tory supervisors and by our own monitor. Children were checked off a roster
each time they showered (once per day), so that we are confident that soap was ad-
equat ely monitored.

On each of three occasions , every child available was examined from head to
toe by two clinical derm atologist s (Drs . Eagistein and Fe inste in). Any traum a of
the skin (cuts , scratches , abrasions , bites , rashes ) was recorded on a body diagram P
sheet. In addition , all infected lesions were record ed , accordin g to the following

— criteria :

A lesion surrounded by erythema and conta ining pus , regardless of
shape , size or extent of lesion , was scored as a clinical infection. Crusted
lesions surrounded by erythema were recorded as possible In fected. When
the crust was removed from lesion at station 2 (rn ic roblolcgv) it was confirmed
as infected If pus was present under the crust . I f the lesion wa s dry , and no

~Active soap contained 1 . 5% , 2 :1 TCC :TFC .

— — - 
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pus could be expressed by superficial incision and firm pressure , the d in-
[cal observation was changed to not infected.

All lesions scored as infected or possibly infected at station 1(cllnical)
were cultured, AU children with Infected lesions , and all children with

4 odd study numbers, were sampled for the presence of staph and strep on nor-
mal skin sites (mid scapular and inner aspect left wrist) using RODAC con-
tact plates. The choice of these sites was decided on the basis of studies
by Dr. Mary Marple~ (The Ecology of the Human Skin) relat ing to bacterial
densities in various skin sites, and to provide a basis of comparison with
the work of the University of Minnesota group under Dr. Wannamaker , who
used the same sites in Red Lake Ind ian Children.

I Media used were :

1) Trypt icase Soy Agar with 6% sheep blood and 0. 8 Mg /mi crystal violet
for Streptococcus pyogenes (hemolytic strep), accepted by Wannamaker , Dillon,
Parker, Potter , Alien and ourselves as the best ava ilable medium for isolation
of strep.

2) PYTvI U (Miami), a well tested selective medium for Staph. aureus con-
tains Polyrnyxin B , Mannitol , Brom Cresol Purple and yeast estract. This med-
ium has consistently given higher x~ covery rates and is more selective than stan-
dard Mannitol Salt agar , sheep blood agar , or glycine tellurite agar.

All media used in this two month study were made from the same batches
of Ingredients of equal shelf life since manufacture, autoclaved ident ically , incu-
bated at 37°C, and read at the same time interval after culture (24 to 36 hrs. ).

We therefore consider the quality control of the media and methods to be
as consistent as could be obtained.

Results.

In compiling these result s, we have removed from the study all children
who received systemic ant ibiot ics (penic illin, amplcilhln, tetracycline, erythro-
mycin), all children who were absent from school for more than one week in any
one month , and children who were not present for exam ination at the time of the
three surveys.

This left 401 children who were known to have used the soaps under the super-
vision of our own monitors , remained In school and who received no antibiotics.
These are termed “completers” in this report . 301 children were listed as “non-
completers” and have been evaluated separately.

- - 
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Clinical Infections.

FIgure 6 shows the point prevalence of clinical infection for all “complet-
ers”. There was no significant dIfference In the prevalence of clinical Infection
between the children using antibacterial soap and those using placebo after two
months of supervised daily use.

Recovery of Staph and Strep from Normal Skin.

The influenc e of soap use on the prevalence of recovery of Staphylococcus
aureus from normal skin sites is shown in Figure 7.

There was slightly h igher recovery of S. aureus fr om the group assigned to
placebo bars at the baseline study, and this differential remained the same through-
out the two months if all the “completers ” are considered together.

Figure 8 illustrates the point prevalence of recovery of Group A Strepto-
coccus pyogenes from normal skin sites. There appears to be a significant change
in the recovery rates of S. pyogenes relating to the use of ant ibacterial soap. In
spite of the fact that there was twice the recovery rate at the baseline from the pla-
cebo group compared with the active groups, at the end of two months this ratio
was reversed, and there were more children w ith posit ive cultures for S. pyogenes
from normal skin In the active soap group.

Environmental Sampling.

Because we were beginning to have doubt s by the end of two months concern-
ing the RODAC system of sampling as a measure of “colonizat ion” as opposed to
transient contaminat ion, we sampled 25 bed sheets in two dormitories using RODAC
plates. The children at that time were continuing to shower on a daily basis and
sheets had been changed the day before. We sampled the bottom sheet 12” below
the pillow. Seven of 25 sheets (28%) yielded S. aureus. These figures were almost
Ident ical with the levels we obtained from normal skins, indicat ing , we think, that
the skin surfaces were simply another surface which could be contaminated by trans-
ient microorganisms.

In Vitro Testing of Soaps.

At the end of the two month study, we investigated the effect of the soaps on
the Staphs and Streps isolated at Chinie. One gram of soap chips was dissolved in
100 ml distilled water and serially diluted in Trypt icase Soy Broth to produc e a
9 tube assay. Standardized suspensions of S. aureus and S. pyogenes were added
to each tube. Dupl icate sets were made with the addition of Fetal Calf Serum to
give a final concentrat ion of 10% in the broth. Table 20 shows good activity for the
active soap to the 7th tube against Staph aureus. Activity was inhibited somewhat

- 
- by the addit ion of serum . Little activity could be detected In the placebo soap. 
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Table 21 show s activity for both soaps against S. pyogenes presumabl y
due to the fatty acids present in the soap. This activity was greatly diminished
by the addit ion of serum, but we could detect no increased activity of the ant i-
bacterial soap over the placebo.

Evaluation of Clinical Scoring.

At the first two exam inations, Dr. Feinstien recorded 49 subjects with
clinically infected lesions , of whom 45 harbored Staph and/or Strep (92%) . Dr.
Eaglstein recorded 33 subjects with clinical Infections, of whom 30 carried the
organisms in their lesions (91%). Thus , the accuracy of diagnosis was very
closely assoc iated withposit ive laboratory find ings, and the two observers were
very closely matched In their diagnost ic cri teria.

Analysis by Dorm itory.

Dat a were anal yzed by dormitory as well as by Individual children because
of the possib ility that infected children were spreading the organism among their
dorm itory mates.

There was no relation of ant ibacterial s oap usage to changes in the prevalenc e
of infection or recovery of S. aureus from normal skin, between the baseline period
and months one and two. However , the Increase in prevalenc e of S. pyogene s from
normal skin of antibacterial soap users between month s one and two
was significantly greater than in the control subjects. This analysis support s the
find ings based on point prevalence for individual children that S. pyogenes was more

— frequently recovered from normal skin in the active soap dormitories after two
months, and tnat the prevalence was significantly greater in the gIrls~ dormitories
using this soap. The results also suggest there was exchange of bacteria among
children liv ing In the same dorm itory . This factor should be considered in the de-
sign of any future studies.

Discussion.

Despit e various methods of analysis , we could detect no effect of the ant i-
bacterial soap on the prevalenc e of clinical infections after two month s of vigor-
ously monitored use. This was true whether the popul at ion was analyzed by point
prevalence in individual children or by dorm itory , or by comparing “compl eters ”
alone or the entire population at risk.

The correlation of laborato ry microbiology with clinical judgernent of the
two phy sic Ians was high , and we have little doubt that we were deal ing wit h an
endemic situation of skin infections in whic h Group A - Streptococcus pyogenes
was the pr incipal agent involved , with S. aureus as a secondary colonizer per-
haps contribut ing to the severity of delayed healing of the infections.

The micro biology of the infect ions was very similar to other populations
we have studied. (Table 22 ) .

- 
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Table 22

number recovery of recovery of
Location Climate cultured S. aureus(%) S. pyogenes(%)

Miam i subtropical 252 59 95

Apartado, Colombia tropical 91 90 90

Medell in, Colombia temperate 50 62 84

Chinle (baseline) arrid , hot 40 60 80

Parrita , Costa Ric a tropical 83 76 92

The results are similar to those of our studies among combat soldiers in
Vietnam and Colombia, and to those of studies in children by Dillon (Alabama),
Esterley (Balt imore), Poon King (Trinidad), and Wannamaker (M innesota).

All of these authors studied common skin infections in populations at large
and recovered S. pyogenes Group A from 68% - 93% of lesions, and S. aureus from
39% - 75%. We therefore believe that the Chinle infections were rather typical of
common skin infections in the United States. Throughout the Chinl e study we did
not find a single case of staphylo~o~cal bullous impetigo.

The lack of benefit of the ant ibacterial soap over a period of two months
use in the prevention of infections was in accordance with our in vitro data , which
showed no advantage of the active over the placebo soap against Streptococcus
pyogene s.

There did appear to be a consistent reduction of S. aureus on normal skin
of the antibacterial soap users, particularly iii the g irls, who may have used the
soaps more diligently. This is reflected in the lower recovery from lesions . This
is also not surprising in view of the In vitro data , which showed activ ity against
S. aureus. However , the effect of S. aureus was not reflecte d in the prevalence
of cl inical Infection.

We are well aware of the importanc e of this stud y In helping to establish
the benefit to risk rat io of antibacterial soaps. We bel ieve that the two month
supervised portion of the study represents the best available investigation so far
conducted , and we conclude that no effect could be shown for prevention of strep-
tococcal pyoderma over a period of two months.

Obviously, if the use of this or any other antibacterial soap encourages the
colonization of normal skin by S. pyogenes, and if this can be correlated wit h an
increase in clinical infection, it would be an important fact to take Int o consider-
ation on the risk side of the evaluat ion. This study has shown a statist ical increase
in the recovery of S. pyogenes on normal skin associated w Ith the use of an ant I-
bacterial soap. However , the RODAC system has never , In our knowledge, been
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adequat ely evaluated with regard to sens it ivity or reprod uc ib ility . The fact
that bed sheets produced similar recover ies suggests that our informa t ion from
skin is no more relevant than that from inanimate surfaces, and although it may
reflect the general l~ rel of contam inat ion of the environment , It adds little to our
knowledge of skin “colonizat ion”, and nothing to the evaluation of health r isks.
In fact , we could find no evidence tha t the prevalenc e of Streptoc occi rec overy
from norm al skin was followed by an increase In clinical Infection , unlike data
of Wannaniaker and colleagues working with Red Lake Indian children.

Before suggesting that use of antimicrobial soaps results In an increase in
coloniz ation of the skin by S. pyogene s, we would like to confirm this by addit ional
studies. We would also like to know much more about the value of colonization
and transi ent contamination.

1~
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POINT PREVALENC E OF CLINICAL INFECTIONS
COM PLETERS ONL Y

ChLtdreQ with one or nrn re clinical Infections
as & perc ent of each population at risk.
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POINT PREVALENCE OF STREP PYOG ENES
NORMAL SKIN , COM PLETERS ONLY

Ch ildre n with on. or more positive skin sites by RODA C method
as a percent of the population at r isk.
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30 __
n 2 8

% 
n.21

n .11

Baae1 ine’~ One Month Two Months~

~Th. d ifferences betwe en active and placebo at these points prove to be
significant at the 0. 05 level accord ing to CM-Square.

FIgure 7
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POINT PREVALENC E OF STA PH AUR ET J S
NORMAL SKIN . COM PLETER S ONLY

Children with one or more positive skin sites by RODA C
metho d as a perc ent of th. populat ion at risk.
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Table 20
- Soap Solutions in Broth noculat.d with ~~iinle S. aursus

Antibact.*ial Antibacterial Placebo Placebo
$oap soap ~ die- soap ~ fetal soap ~ dii- soap ~ fetal

Tub s • Canc , % tilled i~~t.r Calf $er~~ tilled water Calf Ser~~

• 1 t0~~ no growth no growth 1+ growth 2+ growth

2 10~~ no growth no growth 1+ growth 2+ growth

3 10~~ no growth no growth 2+ growth 1+ growth

4 10~~ no growth no growth 2+ growth 4+ growth

5 no growth 1+ growth 2+ growth 4+ growth

6 10~~ no growth 4+ growth 4+ growth 4+ growth

7 10~~ no growtL~ 4+ growth 4+ growth 4+ growth

8 1O~~ 1+ growth 4+ growth 4+ growth 4+ growt h

9 l0~~ 4+ growth 4+ growth 4+ growth 4+ growth

_  _
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Table 21

Soap Solutions in Broth Znoc~alat .d with (~tinle Strep • pyoqenes

Placebo Placebo Antibacteri al Antibacterial
Soap with die— with Fetal. soap a dii— ~~~~ ~ Fetal

Tub. • Cone , % tilled water Calf Serum tilled water Calf Serum

1 10~~ no growth no growth no growth no growth

2 t0 2 no growth no growth no growth no growth

3 10 ~ no growth no growth no growth no growth

4 LO~~’ no growth no growth no growth no growth

S lO~~ no growth 4+ growth no growth 4+ growth

6 L0~~ no growth 4+ growth no growth 4+ growth

7 lO~~ no growth 4+ growth no growth 4+ growth

S LO~~ no growth 4+ growth no growth 4+ growth

9 10~~ 4+ growth 3+. growth 4+ growth 4+ growth 
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Costa Rica. 1977.

The following study was conducted after terminat ion of this contract , but
is clearly of military significance, and Is therefore included.

323 healthy male and female subjects 5 to 11 years of age, were selected
at two schools in Parrita, Costa Rica (see pages 33-45 ). Individual signed informed
consent was obtained from parents, protocol was previously reviewed by the
M inistry of Health , the University of Costa Rica, and the study was monitored
by both agenc ies.

Subjects were ran~~~ty assigned to be treated with 2% chlorhexldine gluconate
in water (Hib itane) or purified water (placebo) to test their effects on wound infection.
Both preparations also contained 4% isopropanol . Treatment consisted of washing
the whole body of each child excluding the head , buttocks and genitals. This pro-
cedure was done on Monday thr ough Friday. Each subject was evaluated prior to
treatment and t cut~e per week for number and location of newly Infected and non-in-
fected lesions. A lesion was defined as any primary injury to the skin (insect bites,
scratches, abrasions, pun cture wounds or lacerations). One school was evaluated
for 5. 5 weeks , the other for 6. 5 weeks). The study populat ion had the following
characterist ics:

Table 23

Hib itane Placebo

Number of subjects 152 153

Sex (male-female) 69-83 67-82

Average age (years) 8. 8 8. 9

Average helght (inches) 50.7 51.2

Average weight (pounds) 60. 1 61. 4

Compliance: —

Table 24

Potent ial Actual
visits visits attendance

Placebo 1823 1629 89. 4

Hib Itane 1802 1 552 86.1

Conclusion: No substantial difference between groups for rate of attendance.
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Results:

Table 25  . Subjects with one or more new lesions~Iuring the trial .

Hibitane Placebo

School A 87 83
School B 63 70

Subject s in Group 152 153

% subject s with new lesions 99 100

Conclusion: Both groups were equally at risk to Infection.

Table 26  . Subjects with one or more newly infected lesions dur ing the trial .

Hibitane Placebo

School A  8 19
School B 7 19

Both 15 38 P<0. OOl

Subjects in Group 152 153

Conclusion: Highly significant differenc e in number of infected children in favor
of Hib itane.

Table 27  . Total new lestons* and newly infected lesions.

Hib itane Placebo
newly newly

new Infected new Infected
lesions lesions lesions lesions

School A 925 9 914 40
School B 476 7 612 51

Both 1,401 16 1, 526 91

%infected 1. 14 5. 96 P<0.001

Conclusion: Highly significant difference in number of Infected lesions in favor of
Hibitan’e.

*leslon: any minor trauma to skin (cut , scratch , abrasion, Insect bite).

— - ~~~~~-_ •_  -- ~~~_-~ ~~~~~_- 
~~~~~~~~~~~ ~~::~~~~~ -
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Table 28 . Subjects with one or more newly infected lesions by week.

Placebo Group.
point

prevalence Incidence of subjects with new infections

week 0 I 1 2 3 4 5 6

subjects In group 153 146 147 146 143 140 123

subjects with
new infections 15 12 9 7 17 13 7

9.8 8. 2 6. 1 4.8 11.8 9. 3 5.7

Hibitane Group .
point —

prevalence ; Incidence of subjects with new Infections

week 0 , 1 2 3 4 5 6

subjects in group 152 144 142 136 130 130 117

subjects with
new infections 17 1 2 2 5 4 0

11.O~ 0.7 1.4 1.5 3.8 3.0 0.0

Total subjects with new Infections In six weeks :

Placebo 65

Hib itane = 14

P<0. 001
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MIC R OBIOLOG Y SECTION.
from Study of Chlorhexidine Gluconate, in Costa Rica

Methods

Two types of media were used which have proven reliable over many years:

a) Trypticase Soy Agar with 0. 8% l3acto Crystal violet and 6% defibrinat ed

Sheep Blood. A selective enr iched media for the recovery of Streptococcus

pyogenes

b) FYM II : a highly selective medium for Staphylococcus aureus. Developed

at the University of Miami. Gives higher recovery rates than other staphylo-

coccal media or plain blood agar. Contains Nutrient Agar , polymyxin B , act idione .

mannitol, yeast extract and Brom Cresyl Purple. This medium is purple in color ,

and turns to golden yellow in the presence of S. aureus . Inhibitory to gram neg-

ative bacteria, molds, other species of staphylococci and micrococci. h a s  a

good shelf life.

Neutralizers: Neutralizing solution for chiorhexidin e gluconate was sup-

plied by sponsor for incorporation into media , (3% Az olectin and 10% Tween 80

in nutrient broth). Unfort unately the neutralizer is incompatible with blood agar

and causes lysis of the red cells . It also Interfered with the selectivity of PYM Il.

We therefore made two swabs of each lesion. One was plated directly on the two

selective media . The other was held in neutral izer broth for 10 minutes prior

to plating. Results of the two methods are shown in l abie 29. ~ ote that these

results represent all attempts at culture , including lesions not suspected as

infected.

Thus there, were more recoveries of S. aureus after neutralizing, and fewer

recoveries of S. pyogenes. It would require much larger numbers of paired cul-

tures to determ ine whether these differences are significant . 
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For this study, cultures were scored as positive or negative for S. aureus

and S. pyogenes regardless of the method of recovery. However , the choice of

either method would have made no difference on the outcome of the study.

Microb iology of Clinically Infected Lesions.

Microbiology was conducted to confirm that lesions scored as clinically in-

fected were of the usual common etiology (Strep/Staph ) pyoderrna).

Basel ine cultures of infected lesions before treatment confirmed that we were

in fact , deal ing with the common type of skin Infections, and that recovery rates

of pathogens were those to be expected (see Table 30). 

--- --~~~~-_ -— -~~~ ...-~~~----- ~~~~~~~~~~~-_-~~~~~
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Table 29. Effects of neutralizer on recovery of pathogens.

p 
No. of Positive for Positive for
attempt s Staph aureus Strep ~ ogenes

Direct Plat ing 177 99 (56%) 111 (62%)

Plating After 177 116 (65%) 93 (52~~)
neutralizer

Table 30. Culture results. Infected lesions before treatment.

Hibitane (17) Placebo (15)
staph strep staph strep

Baseline
(before treatment) 15 15 13 13

Percent 88% 88% 87% 87%

Table 31. Culture results of Infected lesions by week.

Hibitane Placebo

end of no. posit ive positive no. posit ive positive
week cultured staph strep cultured staph strep

1 1 1 1 10 8 7

2 1 0 0 9 7 9 )

2 1 2 7 6 6 H:

4 2 3 8 5 5

4 3 1 10 8 7

6 0 0 0 5 5 5

TOtal during 12 7 7 49 39
stud y

Percent 58% 58% 79% 79%

L - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ 
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Interpretation, Table 31: The recovery of Staph aureus and Strep pyogenes
in the placebo group remained at levels within our usual rates (80-95% strep,
60-90% staph) for a tropical climate. The recovery rates in the Htbitane
group are lower than expected , but the small numbers involved suggest cau-
tion in interpretat ion.

Comnient

This Is the first topical antibacterial agent which has shown any effect
on the prevention of common infections of the skin in a community at large.
As in all other tropical areas we have studied, the Infections were caused
by Streptococcus pyogenes, usually secondarily infected with Staphylococcus
aureus. Development of a topical cream or lotion for prophylactic use in
military populations would appear to be feasible. 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Gram Negative Infections.

Since 1960 , we have maintained an interest in Gram negative colonization
and infections of the skin, particularly as it relates to military personnel operating
in wet environments.

From this Interest has come the di scovery of the Mlzneae tribe (now known
as Acinetobacter) as members of the cutaneous flora , the description of theU Pseudomofla s toeweb ” disease , the discovery of the Woods Light diagnosis of
early pseudomonas Infections In burns, the discovery of Pseudomonas cepac ia as
a colonizer of toewebs , the development of Dermatophyte Test Medium (DTM)
for use In wet terrain mycology, and the ecological invasion of the skin by gram
negat ive bacteria following the use of antibacterial soaps.

This approach of studying aquat ic bacteria wherever they may cause prob-
lems prepared us for the more pragmatic appl icat ions of knowledge to life threat-
ening human infections. While investigat ing potential sources of gram negat ive
burn wound infection, we examined flower vases In a hospital environment and
found them to be the most prolific reservoir in the hospital. Moreover , up to

H- 50% of the bacteria in hospital flower vases were resistant to several aminogly-
coside ant ib iot ics.

The report was published as a l~~d article in ‘TThe Lanc et ” (Dec . 8, 1973 ,
pp. 1279-1281). Only the summary is reproduced here.

Flower Vases In Hospitals as Reservoirs of Pathogens.

Summary: Flower vases on surgical wards and a burn unit in two M iami
hospitals carried large numbers of potentially p~thogenic bacteria in the water -

they contained. Bacterial counts reached 1 x 10 colony-forming units (C. F. U.)
per ml. within 3 days of plac ing flowers in clean tap water. Count s of genta-
micin-resistant bacteria in flower vases found on surgical wards reached 8 mil-
lion C. F. U. per ml. of flower water. Among the species identified were Pseudo-
monas aeruginosa, Ps. cepacia, Ps. alcailgenes, Aeromonas hydrophila, Acineto-
bacter spp. , Flavobacterium spp. , Escherichia_coil, Klebsieila ozaena, and
Proteus mirabilis. Six of these species have previously been reported as caus-
ing hospital In.fections. These findings suggest that flowers should not be intro-
duced Into hospital areas occupied by susceptible or debilitated patients.

The most dramat ic example of applied aquat ic microbiology was unex-
pected , and occurred on December 29 , 1972 , when the fir st cr:Lsh of the new
generat ion of wide bodied jet s occurred in the Everglades. The field report is
reproduced here.

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ _ _
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Infections Among the Survivors of the Lockheec~ L-lOll  (Tristar)
let Crash In the Everglades

At 11:42 PM on Friday, December 29 , 1972 , a Lockheed L- lOl l
aircraft on route from New York to Miami crashed in a swampy , almost
inaccessible area of the Everglades approximately 18 miles west northwest
of Miam i International Airport.

There were 176 passengers and crew aboard. Seventy-five survived
the impact. The area of Impact was a sawgrass prairie , three to six feet
high (Fig. 9 and Fig.l 1). Water depth was one to two feet overlying four to
sIx feet of mud (Everglades muck) . The night was dark, with no moon, and
because of the total disintegration of the aircraft there were no lights available
at all for at least 30 minutes , and no adequate lighting to guide rescue efforts
for over an hour. In the darkness, the survivors, most of whom were injured
could do no more than wait for rescue. Movement of only a few feet was
impossible because of the darkness , jagged wreckage and deep holes in the
mud underfoot where wreckage had impacted into the terrain. There was a
great deal of fuel , hydraulic fluid and oil released , which floated on the
surface of the water (Fig. 1.0) The smell of jet fuel was so strong that none
of the survivors attempted to light a ma tch or c igarette lighter; a remarkable
degree of restraint considering that wounded relatives and children might
be drowning only a few feet away in the darkness. A rescue aircraft offered
to drop flares but this was fortunately aborted at the last moment by an alert
Coast Guard officer in radio contact. The individual acts of herosim in the
Everglades that night were n~any . and with some reluctance are left out of
this report.

Details of the crash , the rescue efforts and the findings of a Board of
Enquiry are contained in National Transportation Safety Board Report Number
NTSB-AAR-73-14.

Our studie s are not included in the off ic ial reports, because this
crash was un ique in many respects, and because no system was in operation
to investigate microbial hazards to survivors of aircraft crashes In wet
terrain. Our team, supported entirely by this contract was therefore the
only team involved In these aspects which we were able to pred ict by reason
of our previous experience in wet terrain microbiology. The following is
our story.

l3ac kground:
In 1965 , in response to requests from the military to investigate

immersion foot , we placed volunteers in the Everglades for several day s and
nights and showed that silicone grease could delay the onset of disabl ing warm
water immersion foot (Tapl in and Zalas , Military Medicine 131:814 , 1966) .
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At that time we monitored the microbiology of the feet and were impressed by
the colon ization of the toeweb s by gram negative bacteria , including
Pseudoznonas aeruginosa, which although clearly “wild” Everglades strains,
were armed with proteinases capable of digesting the outer layers of the skin.

In 1966 dur ing a study of U.S. Army Rangers at Eglin, Florida under
swamp cond itions , we again saw massive colonization of the feet by strange
gram negative bacter ia , wh ich even overgrew culture media conta ining
100 Mg/mi of genta mic in. We could not identify these odd bacteria for five
years , when they event ually were found to be Pseudomonas cepacta ( Taplin et al ,
Lancet 11:568 , 19 71).

In 1968 dur ing the training of LTC Alfred M. Allen ’s team from
Walter Reed Army Institute of Research . we again w itnessed the gram negative
colon ization of the akin among his team members operating in the Everglades .
wh ich accelerated our studies to perfect selective media for field use which
later prove d so valuable in Vietnam (Allen et al, Arch. Derm. 102:68, 1970
and Allen et al, Arch. Derm. 104:271, 1971).

In all of this we were hindered by our Inabil ity to identify many of
the gram negative swamp bacteria , and we had a nagging suspic ion that among
them were human pathogens.

In 1972 in our investigations of burn wound infections , an airboat
operator was b urned extensively by an exploding gasoline tank, and he jumped
Into the Everglades swamps. He became infected with Aero mona s hydrophila,
an organism known to us then only as a cause of red leg disease In frogs, and
rela ted to our knowledge of a fatal disease in salmon caused by Aeromonas
salmon ic Ida.

Thus it was that, as a result of our work under this contract , we were
already aware of potential hazards when we heard of the crash of the Tristar
jet on the night of December 29 , 1972.

Methods:
On the first working day after the crash , we alerted all the local hospitals

which had recei~ed survivors of the possibility of unidentifiable gram negative
infections among the wounded, but we were already too late. Because of the
intervening long New Years weekend , wounds were already heavily infected ,
and the hospital laboratories were up to their Bergey’s Manual in unusual gram
negative bacteria obtained from the wounds. Simultaneously a gas gangrene
problem became evident , and it was clear that we were dealing with an unusual
situation .

A U. S. Air Force hel icopter from Homestead Air Force Base transp orted
our team to the crash site , where we sampled bottom mud and water in a virgin
area upstream of the impact point , and throughout the wreckage area. Even at
that time ( four days post-crash), there was heavy contamination of the wreckage
area with jet fuel , oil and hydraul ic fluid. In the Immediate area of the crash ,
it was clear that something tox ic was or had been present En the water(Fig. 12) . Dea(
frogs , snakes and fish were float ing and the water samples , In comparison with
the upstream samples were virtually devoid of larger microlcopIC life .
(paramecia , rotifers , etc . ). 

-~~ -- ~~ 



One of our team wore waders; the other two wore U. S. Army jungle
boots. The two unprotected members experienced acute burning and irritation
of the legs , which rescue workers told us was due to hydraulic fluid. (This
may well have played a role In the devitalization of tissue in the wound s, or
an additional insult favoring Infection)

We took duplicate spec imens at all sttes , and gave one set to the local
Public h ealth and State Health authorities , since they were at that time better
set up to study the anaerobic Clostrtdia, organisms wh ich we do not norma lly
have reason to study. We did , however , consult with Col. Robert Joy at
WRA IR to support our feelings that even in the Mekong Delta , gas gangrene
was not a major problem of wounds , because of early and extensive debridement
of wounds , delayed closure and use of penic ill in.

In Tristar survivors primary closure of the wounds was used En most
cases. Tn one hospital , the wounds were reopened 48 hours after the crash
because of the high infection rates and reports from other hospitals of gas
gangrene.

Results:
We are still attempting to ascertain an attac k rate for infections among

survivors . Because of the number of hospitals involved , failure to keep-data
of this kind and different levels of microbiological monitoring it has proven to
be a difficult  task. ft is certain, however , that rates of wound infections were
of a much higher order than expected and were quoted as being from “more
th an half the survivors” to “most of them ” . We are attempting to examine all
charts to ascertain rates in relation to injuries and antibiotic use . We have
laboratory proof and h istories of infection in 30 percent of those evacuated , but
not all of them had open in)uries , so that the rate for open wounds is likely to
be much higher.

Because of the urgency of the situation , one of our team (Patric ia Mertz )
was sent to Dr. Gerald Gilardi’s laboratory at the Hospital for Joint Diseases
and Medical Center , New York , with all ava ilable cultures from the water and
wounds , because they had an ongoing program in the identification of unusual
gram negative bacteria , in contrast to our sporadic interest which has waxed
and waned according to the military situations as they arose (immersion foot ,
WII ..AIR team , Vietnam) .

It would have delayed us several weeks to establish a weird bacterta
lab , in view of the more than 40 or so biochemical tests needed to identif y
them to species . We have since established such a capability.

Table 32 shows the organisms which were isolated from wounds in
surv ivors , water and mud samples and a guinea pig model described later.

Aeromonas hydroph ila was by far the mo st common pathogen in the
iri fccted human wounds and the guinea pig Infections , and was recovered from
the Everglades muck and water both before and after impact. 

~—— - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Animal Model:
We incised the skin over the thigh muscle of ane sthesized guinea pigs ,

crushed the muscle five times with arter y clamps , and injected the crushed
tissue with 0. 1 mis sam ples of water arid bottom mud from a virgin area before
Im pact , and with the top sludge of mud , je t fuel and oil in the wrec kage area
where most survivors were found. The wounds were lightl y sutured. We
at tempted to treat the guinea pigs in a similar fashion to the human survivors ,
and half of those injected with wreckage sludge and virgin water were treated
daily with gentamicin (10 mg/kg B. I. D. , I .M.) .

Table 33 shows the results of the guinea pig model. All animals which
received virg in bottom mud or mud/ke rosene “emulsion” which floated in the
wreckage area developed purulent inf ections. Those which were treated
with gentamicin developed less severe infect ions , and w ith in one week, gram
nega t ive bacteria were eliminated from the wOunds In this group.

Animals which were not treated with gentarnic in developed more severe
infections (Fig. 14) and yielded at least four spec ies of gram negative bacteria
whLch were also recovered from the infections In the human survivors (Table 32) .

- 
- 

- 
r~o infection developed in animals receiving virgin Everglades surface

water or saline .
Of further interest was the recovery from eight animals of ~ hemolytic

streptococci wh ich appeared to orig inate from the Everglades. No an imals
developed gas gangrene and no Clostridia were isolated one week after injury .

I)iscussion:
With the exception of P. aeru?inosa the organisms isolated from the

puruient wounds of the survivors are not readily Identified in most hospital
laboratories , and certainly are fnm il tar to few clinicians. These enviro nmental
bacteria , however , are reported w ith increasing frequency as a cause of
hospital infections ~~. In our our hospital, for example, Aeromonas
hydrophila has been recovered from a bra in abscess, a lung abscess , urinary
tract infections, sept icem la, and an Infected burn .

Our data indicates that the gram negative bacteria which infected both
human survivors of this crash and the guinea pigs were of Everglades origin .
It also seems clear that the mud or Everglades “muck” was infective, but
surface water was not. It should be emphasized aga in that in the wreckage
area the bottom mud was disturbed and mixed with jet fuel , causing the mud
to float on the surface. All survivors to our best knowledge were virtually
coated with this emulsion.

ft is also probable that the kerosene jet fuel and hydraulic fluid acted
as additional insults or perhaps tissue devitalizing agents in the wounds.
Unlike the gram negative infections, the gas gangrene infections did not appear
to have arisen from organisms present in the Everglades. This aspect was
investigated by Dr. Nathan Schneider of the Division of Health , Jacksonville ,
Florida who examined our water samples and human Isolates. All of the
Isolates from the survivors were Clostridium perfringena. No C. perfringens

• ‘ - c; ilarc l i , G. L .,  I3ottone , E . ,  and T3irribaum , M. Appl ied MIcro. 20:1 56 ,
July 1970.

—- 
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was isolated from the Everglades mud or water. Other spec ies of Clostridia
wh ich were recovered from the swamps did not appear in human infections.
We , therefore, do not know whether the human cases of gas gangrene were
autogenous, derived from other injured persons, or perhaps from the spilled
contents of the aircraft toileta.*

In view of the very low inc idence of gas gangrene among combat
casualties in Vietnam , even those injured In highly contam inated wet terrain ,
several questions remain unanswered relating to the survivors of this crash .
We bel ieve that primary closure of the wounds was the most important
contributing factor favoring gas gangrene, and perhaps the gram negative
infections as well. On the other hand , this was a unique crash , with a high
percentage of survivors in view of the extensive disintegration of the aircraft ,
occurring in wet terrain, and involving contamination of wounds with mud ,
jet fuel , and hydraulic fluid .

We plan to investigate other air crashes in wet terrain in whic h
there are survivors and have established a liason with the National Transportation
Safety Board which we hope w ill enable us to do this.

This experience serves as a reminder that several spec ies of gram
negative bacteria which abound in natura l waters may under the right circum-
stances produce infections in severely injured people. These organisms are
usually considered of low virulence. In many thousands of man-hour exposure s
in the Everglades none of our team became infected , except for occasional
P. aeruginosa infections of the toenails and transient toeweb Infect ions.

Severe injuries in such terrain are clearly subject to colonization and
infection by bacteria which may well be unrecognized , dismissed as
contaminants or not sought after except in the larger soph isticated hospital
laboratories.

‘We wonder what the sequellae of a large jet crash in wet terrain might
be if it occurred in an area in which Pseudomonas pseudomallei (the Causative
organism of Mel iodosis) is present. These arms include ~~~* Vietnam, Cambodia ,
T aos , Burma, Tha iland , Malaysia , India , Ceylon, Borneo , the Phillipines ,
Guam , Indonesia , Madagascar , Chad , Netherlands Antilles , Panama, Turkey,
and Ecuador. There Is ample evidence that Meliodosis can occur following
traumatic inj uries in wet terrain , that the incubation period may be long, and
may mim ic T. B.,  cholera , typhoid, plague , systemic mycoses, amebic

~It was suggested that the aircraft fuel tank s may have been contam inated by
C. perfri ngens. This aircraft had logged only 1000 hours , and the fuel is
continuously scavanged from the bottom of the tanks , so that water condensation
cannot accumulate. We therefore consider the fuel tanks as an unlikely sourc e
in this crash , and C. perfringens was riot isolated from samples taken close
to a ruptured fuel tank. Mici~äblil contamination of aircraft fuel tanks is ,
however , a known phenomenon and should not be entirely dismissed as a
potential sourc e of bacteria.

~~~~~ LTC Eve rett Cooper , MC , USA. JAMA 200:452 , May 1967.

- ‘
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hepat itis , viral pneumonia , and can cause osteomye litia , pyogenic a rthritis
cellulitis, hepatic abscess, pneumonia , empyema, aept(cem ta, and cutaneous
abscesses.

Initial cultures and daily cultures and sensitivities should be
mandatory for all wet terra in inj ur ies. Unusual or diff icult to identify bacteria
should be referred to appropri ate laboratories for identi fication. In air
crashes in which survivors are sent to d ifferent hospitals, the laboratories
and infection control officers at each hospital should mainta in close liason
so that they can alert each other to emerging microb iological problems.
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Addendum :
On September 2 , 1973 , a 17 year old girl was severely injured in a

boating accident . Her rIght arm was traumatically amputated at the elbow ,
she had an open comm inuted fracture of the left femur and severe lacerations
to the body. She was flown to Miam i by helicopter and underwent surgery
at 9:30 PM. Woun ds were debr ided , left open , drains were inser ted and
wounds covered with dressings soaked in povidone-Lod ine solutions.

Two day s later she had a fever , and pus was present In the wounds.
Cultures yielded Aeromorias hydrophila, Pseudomonas aeruginosa and
Enterobacter spp. She was placed on systemic gentam icin and cleoc in .
Wounds remain purulent for four more days , but six days after therapy
was started , cultures were negative and wound s looked clean .

Comment : -

The timing and specie. involved in this infection were similar to
the Tri star jet crash survivors . This accident occurred In sea water , raising
the possib ility that these infections may not be solely confined to fresh water.

Update: We now have information on 16 further Infect ions by A. hydrophtla fol-
lowing wet terra in injuries in Florida. Two were minor wounds in diabetes and
both patients died. Fish and alligator kills have also been attributed to A. hydro -
phila.

_______
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Organisms Isolated Organisms Isolated
Organism s Isolated From Eve rglades From Guine a Pig

From Wou nds - Mud or Water Injury Model

*Aeromona s hydro phila Aerornonas hy dro ph ila Aeromonas hy dr oph ila

* Pseudomona s aerug inosa Pseudomonas aerug inosa - - - -
7

/

/ ‘~Pseudomona s putrefac iens Pseudomonas putrefac iens Pseudomonas putrefacten.-

Pseudomonas fluoresc ens

Pseud omonas maltop hiia

Pseudomonas alcal tgenes

*Plesiomonas shigelloidas ---- Plesioinonas shigelloides

*Enterobacter cloacae Enterobacter cloacae -

Edwardsiella tarda --~~~- 
-

~~~~~
- -

~Citrobacter freundit ---- Citrobacter freund i i

*Ac inetobac ter an itratum Ac inetobac ter anitratum - - - -
Acinetobacter Iwoffil

Alcal igenes faecalis Alcaligenes faecalis -- --
Kiebsiella oxytoca

Kiebsiella pneu monlae ~~
- ---- - - --

*Organ(sms which were recove red from virgin mud , and soil upstream
of Impact.

TABL E 32

- 
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a..

Figure 9 AeriaL view of wreckage site. Massive disintegration of fuselage.
Wreckage scattered in small pieces for a distance of 1600 feet from point of Impact.

_
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Figure 10 Wreckage site , ground level. Rema ins of aircraft lying or buried in
2 feet water overlying four to sIx feet of mud. Oil , j et fuel and hydraul ic fluid
covers entire area of wreckage.
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Figur e U In spite of almost total d i s in t egrat ion  of fuselage , most surv ivors
were found in ~~ r t’ Io~ o to l~’ .•gt’$t p i ’c ‘ s ~f wr eckage.
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Figure 12 Dead snakes , frogs and fish in area of wreckage indicated contamination
of terrain by tox ic materials.

I~~~~~~~~~~~.
~~

Figure ~ 3 Environmental samples Bottle on left contains virgin water and mud
before impact. Rottle on right from wreckage area demonstrates floating sludge
of jet fuel , hydraulic fluid and mud.
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I~’igu rc 14 1 ntr eated guinea pig t w o  ~ t ’t~k~ a f t o r  in 1i. ’ ’t  ion 0. 1 n i l ~— ‘‘ top sludg ’’
froni  wreckage area i nto th igh wound.  I .a r g ’  a mount  of pus deep in niu�-~’li~
yielded Aeromona s hvdroph u n  , Pseudomonas spp . and Plest omonas
shi gelloides . 
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DIAGNOSTICS AND FIELD METHODS.

None of the accurate epidem iology contained In our progress report s, nor
the field work In Vietnam could have been conducted without developing new or
improved methods for field use. The most useful methods are listed below , with
updated comments.

1) Dermatophyte Test Medium (DTM): A highly selective ind icator medium for
the diagnosis of dermatophytosts and candldtasis , and for isolat ing dermatophyte
fungi from environmental sources. DTM cont inues to perform admirably when
made exactly to spec Lfication. AU of the epidemiology in Vietnam, our work In
Colombia , Venezuela , Costa Rica and Uganda was based on DTM , and all of the
clinical FDA trials in the U. S. on miconazole, clotrirnazole and haloprog in used
this m ethod.

Unfortunately, some manufacturers produced inferior brands of DTM or sub-
stituted ingredients. Two manufacturers have consistently produced authent ic
DTM which has performed well In the field. They are:

DTM Clinical Sciences Inc., Wh ippany , N. J.
“~Fungassasy ” medium. Pittman-Moore Co.

We have no consultantahLp or other relationships ‘with these companies.

2) Trypticase Soy Agar with 6% Sheep Blood and 0. 87o Crystal Violet (TSAB-CV):
A selective enriched medida for the isolat ion ot Streptococcus pyogenes. Used in
all field studies since 1968. Consistently yields high recoveries of streps from
skin lesions. Superior to plain blood agar, neomycin/blood agar , and phenyl ethyl alc-
ohol/blood agar when used in the field. Use only DLfco “Bacto” certified crystal vtole’

3) PYM II A selective, Indicator media for the isolation of Staphylococcus aureus.
Contains actidione, polymyxin B, mannitol, yeast extract and Brom cresyl purple.
Coagulase p00’. ~,e S. aureus turn the normally purple medium to bright yellow.
Other bacteria and fungi are Inhibited. Consistently gives higher yields than non-
selective media, and easily Interpreted by non-skilled personnel. Plates should
be incubated no longer than 36 hours, after which some bacteria may break through
s.lective agents in media.

4) Silica Gel Dessication of Swabs~ (Applied Microbiology June 1973 p. 135-138).
Available in kit form . Enables accurate field epidemiology of streptococcal pyo-
derrna without need for fresh media. Desstcated swabs can be mailed to receiv—
ing labs and cultured up to 2 months later. Not recommended for normal skin
sampling or throat swabs.

5) KOH/DMSO: For rapid microscopic examination of skin, hair and nail scraping
for fungi. PartLcularly helpful in large scale screening. Use with caution; caustic
to human skin and microscopes.

6) FIeld Incubator; A large size metal “Coleman” beer cooler waa converted to a

L~~ - - -~~~~_  
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field incubator capable of operat ing on 110 volt AC or 12 volt DC. It has proven
invaluable In the field , and has enabled us to conduct bacteriology in the most
remot e areas , and to incubate cultures during transit between stations by simply
plugging Into the J eep wir ing system. Previous to this , finding incuba tor fac ilit ies
In the field represented a major logist ical problem.

The cooler also serves as a means of transporting sterile media to the field
site where cultures ar e made , and el iminates the need to return to the base sta-
tion for Incubat ion.

Armed with the above method s, a field team can cover most of the common
causes of cutaneous Infec t ion. Zn appropriate circumstances, the system La easily
expanded to Include other method s, such as selective media for C. dtphtheri ae • ac id
fast bacteria , and methods to ident ify cutaneous leishm anfasis. The availability
of disposabl e biopsy punch kit s further enhanc e field capabil ities.

- __
~ -~~r.t 
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SAFETY AND HEALTH OF FIELD TEAMS

By definit ion, this contract required f ield teams to operate under adverse
conditions In areas endemic for several tropical diseases. In addit ion to the usual
hazards of “traveler ’s d iarrhea ” , in the last ten years we have found ourselves
in the midst of malaria, Chaga s’ disease , tuberculosis, cutaneous leishmaniasis ,
typhoid fever , onchocerciasis, and dengue.

We believe there is a resp onsibility on the part of inst itutions and team lead-
ers to protect their personnel as far as possible from known hazards. Apa rt from tb
moral and possibl e legal issues , a sick team member cannot ful f ill his or her
functions and becomes a liability to the project.

In our early days , we suffered our usual share of gastrointes tinal disturb - —

ances, and dec ided in the lat e sixties to take more active preven tive measures.
Our system has been continuousl y updated , with the result that we can now report
no inc ident s of C. I. infection or other infect ious diseases In the last 2083 person
days in the field , with 4 exceptions which will be out l ined. Basically, we institute
rigid requ irements for all field teams.

Preparation:

1) Up to date shots for tetanus , yellow fever , and a gamm a globulin shot just pri-
or to leaving country. We do not recomm end smallpox vaccinat ion. Malar ia
pro phylaxis Is started one week pr ior to departure.

2) Clear chest X-ray and P. P. D. skin test . Skin test negative personnel are of-
fered B.C.G. vaccinat ion at least six weeks before depa rt ur e, or prop hylact ic
Thffl for short term in-count ry coverage.

3) Heat acclimatization and physical exercise startIng 3 weeks before leaving for
tropical area.
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4) Orientation on reservoirs, insect vectors, signs and symptom s of tropical dis-
eases, explanation of field regulat ions, and available methods of therapy. Par-
ticular attention is paid to insect prot ection, and safet y rules for food and drink s.

In The Field:

1) No drink ing of untreated or unboiled water. All drink ing water Is to be boiled,
or treated with iodine type purification pills and passed through activated char-
coal to remove taste . An elegant kit is now available (Waterpick, Instapur *).

2) No ice In drinks.

3) No salads, uncooked foods, cold cut s. cole slaw , potato salads , etc .

4) Bottled and canned dr inks and juices are considered safe.

5) Fresh fruit s to be soaked in iodine water before peel ing.

6) RigId insect protection. Long sleeves and pant s for morning and evening.
Liberal use of repellents (Army Issue if available, or “Deep Woods Off ”~ or
“Cutters”*). No sleeping in nat ive dwellings. (be piece nylon tents with Intact
fly screens.

7) Awareness of end6nic levels of active T. B. Avoid very close contacts (kissing
babies , etc. ).

Rigid applicat ion of these sim ple rules have kept our field teams healthy
through fifteen field studies. Comparison of our attack rates with other fieldteaxn s
or workers in the same areas suggest that our methods are effective Fig . & 5
Bacterial diarrhea and /or giard tasis and amoebiasis affected 50% of 26 student s in
Guatemala, 10 of 12 airl ine employees visiting Colombia , all of five health workers
in Costa Rica, and 18 o122 geology student s in Guatemala. Additionally, 7 of these
22 were hospitalized with hepatitis.

5 of 7 medical students with negat ive P. P. D. skin tests converted to posi-
t ive after on month In Honduras, working in a rural pediatric hospital. The only
f o u r  failures in our teams dur ing the last four years were diarrhea in two student s
who deliberately and secretly ignored the rules, and one field experienced nurse
who followed all rules relat ing to ingest ion , but who self administered a large vol-
ume enema to relieve const ipation. Within 18 hours, she developed massive diar-
rhea which is still under Investigation at this time. The fourth case followed pre-
cautions, but drank several pi~a-coladas without ice. The pineapples used were
homogenized in a blender owned by a Peace Corps nurse later found to have amoe-
blasts. Our team member did not respond to ant ibacterial therapy for two weeks ,
but did respond to a full course of Flagyl.

We have had four episodes of strept ococcal skin infection of abrasions or
insect bites whil e working with bundreds of children with infected scables In

* We have no consultin g or other relat ionship with these companies.
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Panama. We took no precaut ions to prevent this , but we will use topical chiorhex-
(dine gluconate In the future.

Although we have avoided diarrh eai diseases except for the fourcases described ,
constipation among women team members has been a problem. 9 of the last 10
women in the fi eld suffered from this , compared wIt h 1 of 17 males. This d iffic ulty
occurs In the first two weeks in count ry , and we believe it relates primarily to
emotional factors surrounding the primit ive toilet fac il ities available to us.

Possible lack of vitamins from fresh fruit s and vegetables can be replaced by
daily multi-vitam in pills, or use of powdered “Tang ”. Our teams fr equently exper-
Lenced upper respiratory infections with the symptom s of the common cold . We as-
sum e this to be of viral et iology from strains foreign to our previous experience.
We also monitor urine output as a guide to fluid intake , because the losses through
sweating are considerable In the tropical areas in which we work. Fluid intake must
be dramat ically Increased to maintain near normal output. We do not take salt pills,
but have not iced that team members tend to use salt liberally with evening meals
after a long hot working day.

When heat stress is severe (above 92 WBGT Index) , we revert to the “wet T-
shirt ” technique , In wh ich members wear wet shirt s to aid in evaporative cooling.
We also have found value in taking small and frequent amounts of sugar in the form of
“Kool Aid” or candies dur ing exhausting jungle treks, as a rapid replacement for the
addit ional calories expended.

WBGT Index. We have found the field WBGT measuring kit useful. (Weksler Inst .
Corp. Fed. Stock No. 6665-159-2218) . It suffers from one defect. The alum inum
shield over the dry bulb thermometer get s hot , and radiates heat to the thermometer
bulb, produc ing a false reading. This can be overcome by using a spearate thermo-
meter placed In nearby shade.

In summary, the safety and health of field teams in the tropic s can be ma in-
tained by adopt ing a “military” approach. Preparation and orientation are hnpor-
tart , and there must be a clearl y defined team leader responsible for health and
safety. In addition , Individual self disc ipline is essential , and we have found that
detailed educat ion on the potential sequellae of such diseases as amoebiasts and
Chagas’ disease acts as a powerful reinforcement of daily precautions.

AU personnel are required to sign a statement that they understand the potential
risks and precautions required. Although we have never had a drop out , all mem -
bers of our civilian team s are free to discontinue partic ipat ion and return home for
any reason .

L_ _ _  ~~~~~~~~~~~~~ . .
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I am part icularly proud of the ded icated and skillful personnel who
over the years of this contract worked long hours , often under miserable
condit ions without compla int . They include :

Maria del Carmen Arruê Bryan Frederic k , M. D.
Jo el Ba!nford , M. D. Glad ys Guerra
Helen Bennet Lyle Lansdell
Sandra Bre tterman Jan Mason , M. D.
Isis Caldevilla Patric ia M. Mertz
Gregory Crawford , M. D. Bruc e Murray , M D.
Susan Dunitz Donna Reno, R. N.
William Eagl atein, M. D. Gwen Scott , M. D.
Karen Elliott Jo seph B. Tucker , M. D.
Richard Feinste in , M. D. Jane Graham Walker , R. N.

We all owe much to Gerb ert Rebe ll for 18 years of continuing edu-
cation in mycology.

I
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