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T.Le research procgramn of Ik77AU-P i'j- ýý-_vAd to the study of
infectiou5 disease.; :ilit.iry JI... -'-Inc Tin j;r c.Tne Jinvestiga-
tions reiported are priimarily ccoý-~crned -7,rieczi 1eishmaniasio, a
discase wiiiciI continu%!s to afjI7.9ft USP.ronl

A s~~6;of the e~ffect of cPý-rt-her-.ý. .- n seruc,- z!.-tibo.-dy was madie
to deter-mine if se;:olcgic test~in,- wou.16 c., valiiv. in Jludging treatment
efficacy. Ahlthough.- few pat~ien.- 3-evcrt-"" -ýoý ~ m~~y there was
a demonstrable effect. in most Cz.J&s, ac ' rate of' t-r-.Atent failure
was inversely correlated with d.-inutio-i o titrs. T.,, one espundia
case declin~ing titers parallelecd clinic'l Ir 'mc` onc an increase
in titer accompanied an explosive recru(:_-- ne

Fo1Jlow-Lp of patients trcat.ed' with ... ':r _-nidazc'i(e in the Canal Zone
and Republic of Panania medical faciliti& ::tsrLc c.cnclusively
that this drug- is of no value.

A vera cell experimental ir...>ction >1 for .ticshaildrug
screening was developed which Týý:2 Mitss : w of iri.r-.c-llular i';asti-
ig.otcz to drug for up to 10 days. .hcweve:;, no effect. o.n: i.he parasites
could be demonstrated with this _;ystem u:a cic~1yeffective drug,
methyl glucarnine antinioniate.

An incidental findinig was n.ýLda of trce fzirst hc:.nliver fluk-e
(Amhime=~x sD.) infection in ."!.ý_a which. constitui.es only the third
report from Ithie Western Hemisphere.

Normal hematolog;ic values for the colnnized cotton~ rats (Sirmodon
h4i.s-idus) used for experimental infectio,-. stu'dies were de~rived from
mont~hly samples over a 6-13 mornth period.

The life-cycle of A!i.iost --~.--us c: <i- c,.cn 4.s wa-:s established
in the labnoratory and experimenn'-.-± infec-,_ý studciec. :in several species
of wild rodents and 2 species of sub-hurm;'- 1 '.rimates, which showed monkeys
develop a disease picture resembling that n-f hunmans.

A 2 year study of breedingr, populatic.ý.- of phlebotetmine sandflies
and local environmental effects on these c ltomwc: ccrnpletcd. The
species complement is divided int~o 2 ma~jor consocic.tio:_;s, one dominated
by anthronophilic species and th- other by ý-oophilic bpecies. The species
cor.p-lement includes 6 major spec.:&es of wbiJ-eh 4 are anthropophilic and
have been implicated in transmission of P7-- rican leis'h:-.aniasis. The
effect of clinatologic, hydrologi-*c, phytolcogic, and edaphic factors on
sandfly distribution was studied.



rc~~r; tehniuesus~nc: standard labor,-.itw- ri;1-3swarc' w- re
dvc lcre~ .h1 c li Produ c ed (ir Iv~ yielo ds ovo r L-rali tio4 7.,2 tlhc.a F, w ith

i->atyrdu c expez.idture of mr.nz hours. auild cuht f~lsve.
c.-aed i c~Lur~prer.p:raticns in whIch eggs wvre laid 1wtched an .-l

iaaure stc.--e develcpment progrcssý'd with esý;eitially no a- ter-tion or
care, which constitutes an. imoortFant first step to colonization.



FOtWA•RD

aThe researc'h program of the U.S. ,zny Medical Research Unit, Panama is
dcvted tVo the study of infectious diseases and their vectors of
militaaty importance in Latin America.

The research projects were carried on under the following project and
task number:

S3A061102B71Q, Task 00, Work Units 110, 419, L21

In conducting the research described in thiA report, the investigators
adhered to the "Guide for Laboratory Animal Facilities and Care", as
pro:.u1iatcd by the Committee on the Guide for Laboratory Animal Resources
National Academr of Sciences - National Research Council.

The findings in this report are not to be construed as an official
eare- ,:nt of the Arry position unless so designated by other authorized

docu:*enzs.
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23. heUa) it-lion o~.'e -,t poc:" revalence a;nd distribCution of parasitic
dieL .- -n _i , erica; recn~cn l cý ublic hcealth problcrz3 of actual or potential

:.ilita-.y import-a-r-ce; incre~i.ý of knw.~eof reoervoirs and vectors; and improvement4
of din._:::-.os_-s, turtc,-.tnentu and ccz-trcl ci ,' diseaoes.
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1eous jie-a trýa~ss u ih~cnavvucocutaneouq o-ise,,2se was studied with
the Indirect Fl=.u:.coc ent Ani~~yt~:.'ihle serics included putienzs treated wi~th
cyclojuanil pa:-zate, two Q2i.:.. rn .::,;lnt antimonials, and with arohotericin B.
Tlhe efficacy of i-..traridazonao for th~e trl. atment of. cutaneoils Am-arican leishmaniasis
was s-adied by follow-up of -.a..ient.-, tr-ftc with t.his drug in 3 local nedical fkaciiitiO7 ..
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sziral (HiL) tes-t w~as e stab li Lh'ed to a tool to maintain surveillance for

leptospiral. infect,.ion amn, U.S. Fcrc-f Z -.';rcornrel. Consultative. services for diagnosis
of unusual ParaZsitic lnfectio:j., was pCl. d.a to local medical faci'lities.
25. (U) A, disztinctý respoose ciý' senu: .ýn n. -oics to drug treatmer-nt was observed in most
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Predictiv:e vcalue for recurre~noa of -e-ic~was sho3wn for serolc<..;c m-onitorirG..
Ie'ctrEar.i_'dazole was6 cornclusi'v'e]y shown -,o be of no value in the treatment of American

I Jeis':..oýLir~is. 'A tissue cul,.ture ,,t-.'hich piI-rmi~tted exposure of infected cells to
tes L asfor up to ?L ''sway U.- ~a ":c.wever, no effeIt on intra-clua

cc~u-c~ demst 1 ttd w'.c-ci ; n 4 :aý _ -efi'ective drug. vetsia

i n fer_-,;.I nns 'Lo r of e-.:-r- werfe ýconi',nned for 3 men Afrc:si one comint.ny

ofi~..' a- fr~s, of u'~ liver-fluke. inflecticn froM a a
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was diiaCncsed as an incidental finding.
Tnis prc.ect has been transferred to Special Foreign Activities of Walter
Reed7 Arz.y -nstitute of Research and further progress will be rcported
in the Annual Technical report of WRRAIR.
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BODY OF REeiORT

PROJECT No. 3A061102BTIQ Conmunicable Diseases and Immunology

TASK NO. 00 : Ecology and r'ontrol of Disease Vectors
and Reservoirs

WORK UNIT 421 : Studies of Parasitic infections in
Latin America

DESCRIPTION:

The objectives of this project are to determine, describe, and
deli:'it the parasitic diseases of actual or porential milltary importarce,
a-nd to develop improved methods for their diagnosis, treate2nt and
prevention. The major proportion of the research effort was devoted
to American leishmaniasis, a disease which continues to afflict US
Forces personnel. A study of the effect of chemotherapy on serum
antibody was made to determine if serologic testing wouwd be of value
in judging treatment efficacy. Althoughn few patients revcrted to

Iseronegativity, there wa3 a demonstrable effcct in most cases, and
lack of diminmtion of antibody level was s~ownn to have some predictive
value for treatment failure. Follow, up of patients treated with
metranidazo~e in Canal Zone and Republic of Panama medical facilities
der:monstrated unequivocally that this drug is of no value. in efforts
to develop a tissue culture system for screening for antileishinanial
activity, a Vero cell system was developed which allow-d for drug
exposure of infected cells for up to 10 days, but no effect on the
intracellular parasites could be demonstrated in this system with a
pentavalent antimonial compound which is clinically effective. In
other diseases, the Hemolytic leptospirosis (HL) test was established
to permit surveillance for this infection. An incidental finding of a
human liver fluke (Ax-chimerus so.) infection was of acadeMic interest
as the first such case in Panama, and only the third known locality in
the Western Hemisphere.

PROGRESS:

In the past, effectiveness of chemotherapy of American leishmaniasis
has been judg-d solely by the healing response of the lesion. However,
it is well knowu that in some cases comolete elimination of the parasite
is not achieved in spite of clinical healing of the lerion, and recurrence
or develop::,cnt of new lesions can occur. The new lesions 7ay involve
mucous membranes and can appear many years after the primary infection
and cause severe facial mutilation, so tl,ý detection of residual
viable parasites can be of !xtreme importance. It was considered
that the effect of treatment on serum antibodies could add another



to 2udg-in- the effectiveness of drug treatment and a

-wl4 -as insti!tuted to msa:ure indirect fluorescent antibod:y
(,-) titc-rs during and after treatment. .Retros-,ective studies were
done on sara of patients trcated with Corn;olar' and Fuadin" and of
patients treated more recently with Pentostam. ýid Glucantimeý9 .

There were detectable changes in serum antibodies following
tr�ea.2�n )in many cases. These data are presented in Figure 1.
Tncreases in titer occurred only in cases of treatment failure
cm.cDns-rated by the presence of parasites in culture or biopsy.

Ca-3 wcich s:-o-;-fc no reduction in titer had a high rate of drug
fail*res (9 of 16) while in those showing a titer reduction of even
t.~...od, the propcrtion was greatly reduced (8 of 27). With four-
fold or greater reduction, there was only one failure in 23 cases.
±.:-:-:ver, in the r.ajority of cases antibodies persisted over long
ieriod in s-,ite of a prompt healiing response and some reduction in
titer. One of our patients has had positive IFA tests for 6 years,
and we recently tested tn individual who was treated with antimonials
3" years ageo and still has antibody.

The reversion to negativity after treatment exhibited by some
,,,)tients, aLcble 1, surgests the possibility that the persistence of

antibody in th-2 others 'night be due to the continued presence of
viable parasizes. Since the great majority of treated cases have
"m-rsistent titers, this is a rather disturbing hypothesis because of
te known propensity of L. braziliensis to remain latent for many
yeaýrs and then produce the nucosal lesions of espundia. In a few
cases it has been possible to demonstrate the presence of viable
parasites in clinically cured patients with persistent titers. One
suc.-h patient was previously reported in the Annual Report for 1969. He
ha-d received three injections of Camolar which produced healing of his
u2ltiple lesions, but no reduction in titer. Three months later, he

hr•d reactivation of the lesions and parasites were seen in a biopsy.
After a bourse of treatment with Fuadin, his lesions again disappeared,
his antibodyr 2evel diminished, and then fell below detectable levels.
Another patient treated with Glucantime had prompt healing of a small
pr ma. ry ulcer on a finger, and a h-fold reduction in antibody titer.

In soite of this, 4 months after treatment, he developed a new fungoid
lesion on h4s elbow fron which parasites were cultured. After excision
of the lesion and retrzr.c, ment, his antibody dropped below 1:8, but
1 1/2 zonthc later it had returned to 1:16 (Figure 2). Although these
exý,=zles are few in number, and most of the persistent-antibody patients
have never shown any indication that they would relapse, they are never-
the-less suggestive that drug treatment has not been completely effective
for the majority of leishmaniasis cases in the Canal Zone and that the
patients mifght retain latent infection which could result in mucosal
lesions in the future.

The effect of treatment of advanced mucocutaneous leishz.aniasis
waz studied in a fBI 4 vian r.n officer who pres,-.ted with ra.pidlY



p•c.e.... lesions after a history of un,.;uccessfuL treatmcrit with
scdi,,. , 'n 4imrny tartrate, repeated courscs of stibophcn and 3 courses
of cycioguanil pn•noate over the preceding; 2 1/2 years. The antibody
1t• c to pentcvaient antimony and aripho"ericin 3 is dem"onstrated
in Cigure 3. The rapid diminution of antibody following Pentostam
trea .. "•,t parallod impressive clinical imprivement. Ater amphotericin
B t-, t_ y ". as terminated because of signs of renal toxicity, the patient
exr,1 .1,1. Ca a sudden explosive recrudescence, and a serum sarple
dem.ons3trted a rise in antibody titer. )

A recent article in a leading journal reported success in the
treatrminz of one case of American leish•naniasis with metra-nidazole
(PlasI ') and cited another article reporting some success with this
rmu, a-anst leish:naniasis in Mexico. In contrast to these reports,

met:'axi4jLoie failed in 4 out of 5 cases reported from Brazil. U3A•S-U-P
reccntly had the opportunity of monitor treatment of 6 cases of primary

cu u�,•:��- leisl,:aniasis acquired in Panama which were treated with
this drug.

Six male paticnts with laboratory-confirmed leishmanial ulcers of
8-10 wee:'- evolution were treated; 4 in Gorgas Hospital, one at Gamboa
Medical Clini.c and one under the supervision of the Sanidad Militar
of the Cuardia Nacional in Pana-ma City. Before treatnent all patients
had a gC-neral physical examination, chest roentgengram and base-line
laborato-y examinations consisting of urinalysis, complete blood count,
piata.lct count, he:.oglobin, hematocrit and SeiA-12 battery. These
laboratory tests were repeated 4 times at 10-day intervals, i.e., after
the first treatment period, at the end of the rest period, and after 10
a.nd 20 days of the second treatment period. Cultures were made from
the margins of the lesions on the same schedule, and at 2- and 4-weeks
after treatment was terminated.

Five.patients between the ages of 19 and 52 years were found to
beother se healthy and laboratory values were within normal limits.
Patient '1, 14 years of age, had a neutropenia with a W'BC count of
1,100/cu nm, polcymorphonuclear neutrophils 15%, lymphocytes 79%,

einooil< 4,v, and basophils 2,0, a condition occasionally seen in
childrecn in ?Pan=a. This patient was hospitalized for diagnostic
studies but no other abnormalities were encountered and the cause of
these blood findings had not yet been determined.

Initial improvement of the appearance of the lesion was seen in
all pc.ti:nts during the first treatment period. However, in patients
no. 3 arnd 4 the improvement was temporary and by t',e end of the 10
day rest period (day 20) they had regressed to their original state.
During the second treatment period improvement was much slower, even
for those which did re-epith'elialize.
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Results of the cultures for leishmanial orzanis:mz are shown in
Table 2. Only patient no. 2 showed consistently negative post-treatment
cultures. Patient no. 6 at the conclusion of treatmcrnt appeared to
have been successfully treated, but later developed a slight discoloration
at the margin of the scar, and cultures inoculated at the 4 -week follow-up
grew promastigotes.

Some drug-attributable ad'!erse effects were observed. Patient
no. 1 exhibited a steady diminution of WBC count from 4 ,100/cu zi to
3,500/cu 7n during the first period of treatment, rebounded slightly
to 4 ,0C0/cu i•m in the rest period, but again declined to 3,000/cu mm
at day 30, whereupon treatment was terminated. Patient no. 2 likewise
exhibited a steady diminution in the WBC from a baseline of 6,000/cu
MM to 5,500/cu -m in the first treatment period, and to abnormally low
values of 4 ,700/cu mm at day 30, and 4 ,300/cu mm at day 40, respectively.
A weight less of 8, 7, and 9 pounds was experienced by patients 2, 3
and 4 respectively.

The adult patients, nos. 2-6, were given 500 mg raetranidazole
3 tires daily for 10 days, a 10 day rest period was then followed
by the sate dose daily for 20 days. The additional 10 days beyond
the standard regimen for amebiasis and trichomoniasis was decided upon
because of steady improvement in the appearance, but inccmplete healing
of all lesions at the 20th treatment day, and the lack of any serious
side affects due to the drug.

Patient no. 1, with a body weight of 41 kg, received 250 mg 3
times daily for 10 days, a 10 day rest period followed by another 10
days at 250 mg 3 times daily. The second treatment period was not
extended as it was for the adult patients because of depression of his
leucocyte count.

Successful treatment was achieved with only one patient. At the
conclusion of the second treatment period two patients, nos. 2 and 6,
had completely re-epithelialized the lesion and had no residual of the
raised, eryjthymatous margin, but no. 6 subsequently was shown by culture
to have residual viable leishmaniae.

The 5 treatment failures were subsequently treated with methyl
gluca.mine antimoniate and complete healing with negative foljow-up
cultures was achieved with one course of 20 daily injections of 5 ml.

Althiough this series is small, these data demonstrate conclusively
that metranidazole cannot be regarded as adequate chemotherapy for
primary American leishmaniasis.

Lack of suitable experimental animal models for the screening of
drugs for antileishmanial activity, and prior success in cultivating
intra-cellular amastigotes of Panamanian strains of Leishimania in Vero
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cells sugiested : use of a tissue culture svzt,:m for drug; screening.
A stand rdized inocaluz of low--Tpas.z;,vre level p,'o:-a3tigotes from blood
ajar neodia was found to give reproducible infections which could be
maintained without overgrrowth of the rnonolayer sufficient ý.o interfere
with accurate parasite counts throu,;h 10 days. A clinicai[l effective
drug, methyl g]ucam.ine antimoniate, was used for atterpts to demonstrate
drug cfefz,- but no selective effect on parasites could be seen with
this system, even when the exposure to the dru-', was extended to 10
days. At this juncture it was learned that a dog sarcoma-cell system
developed by the Liverpool School of Tropical iýcaicine has been used
for testing a snall series of drugs, and althou: h the system demonstrated
the activity of other classes of compounds, no effecz was seen on
Leish7-:nia x.. .cana by either tri- or penta-valcnt antimonial compounds.
7he Vero cell system is currently being evaluated with a series of
non-antimonial drugs with knowrn antiprotozoan properties.

In I•arch 1971 a stool examination done by a U2AfSO la.boratory on
• local foodhandler revealed srall operculated tre2;atode eý,-s which
were identified as Clonorchis s niner,'s and refc-rred to USL-1U-P for
confirmation. Fe .eated positive exa-:Jinations over a period of several
days established that this was not a s;purious infection. 2mecause C.
sin-n•.s.• • is not known to occur in the Western Eemisphere, the foodhandler
was again contacted for further investigation.

The patient was a 25 year old male Cuna Indian who had lived his
entire life in the villase of Mansuhun, Comarca de San Blas in Panama.
:Vo years after the original finding he was still passinG the eggs.
They were consistent in size and morphology with F:imu....s •<•vyaouilensis
previously reported from humans in one area in Ecuador and another in
Colombia, and known to infect oppossuxs and domestic cats in Panama.

Alnthough he had no current complaints, he was admitted to Gorgas
Hospital for physical and laboratory examinations. All findings were
within norr.al limits except for a diffuse abnormal pattern on a liver
scan.

Six clinically-suspect cases of leptospirosis among U.S. Forces
personnel, including 3 from a common-source exposure among members of
one company of an Infantry battalion, were confirmed by the HL test.
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Table 2

Results of Culture for L~eishmrania Organisms
with Metranidazole Treatment

Patient, Day of Treatmen~t

No. 'Pre Rx 10 20 30 40 Follow-up

1 + + + - ND + (2 wks post)

2 + + + -- -(thrlI4 wks)

3 + + + + + none-retreated

4 + + + + + none-retreated

5 + + + + + none-retreated

6 + 1 + + + + +(4Wks post)

10
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23. (U;' ZLval-uation of the disease vector potential of and vector control possibilities
-or selectoCd arthronods of medical imnortance in Central America.
24. (4) Studies focus on phiebotomine sandflies as vectors of cutaneous leishraniasis.
r .. = an cocet ofsstm ecology are utlzdto aqiequantitative data
on breed_-',.,- habits, feeding preferences, prevalence, etc. and to interpret the data
in ter.-.- of hu:mah disease and disease vector control.

2.(U) A. 2 year study of breeding- populations of phiebotomine sandflies (Diptera;
P'sychodid,ýae) inthe open forest floor was completed. Tesecscmpentilus

6 ma,'or srecies, of which 4~ are anthropophilic, and have been implicated in the
transmission of leishmaniasis. TIhe dominant species was Lutzomyia tranidoi which

I ccujties 5 of" the area of the forest floor at an average population density of 8-.3
-e 2 Of soil. In all species, a population msacirnu.' occurs in early rainy season,

land in all except 2 spp. a second peak occurs in late ,dry season. Distribution of
f:,rmst lieýter regulated species distribution, L. trapidoi was greater on steep hill-
sides wit -,i4_ght litter deposits, while L. rnarn.aensis, L.gomezi, L. pessoana and L.

i oi~c~ wremore common on hilltops and prcminences with heavy, stable deposits.
Sirnilarly, certain large trc,':s and vines produce litter which favors certain species.
I r-_sent i.ruorm-.aticn indicates Aimerican leishm-aniasis occurs in restricted microfoci,
but this ze-udy shows vectors are distributed throughout the forest area, indicating
tha:ni- nc of leishmarniasis i:s limited oy some factor other than vectors, and

prbsbly i's dependant upon suitable vertebrate reservoir hosts. -ass rearing of
A ;an:"!ý,cmsin the laboratory in nct~ri dishen u-tilizing ,s substrates and leaf litter

f l: arvae hatched fz=m c--:s of w`,d-~a-,;-ht :7,1. , was eTrl-noved. Yield4s
iSev.~ra1 ;fie rea-tor than witýh trdiina .- thodas we-re c*bt-ained writh :.refatly reduced
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"rn.,,-hours of effort, although the results wrere variable. Even with
rtco:r.:nE, the zethod offer premise of providing sufficient nw:,bers

of a.dult sandfiies for colonization trials and disease transmission
stuiies.
rf:Z• project h,'.:,s been transferred to Speeial Foreign Activities of
-aelter Reed A=zv institute of Research and further progress will be
reported ini the Annual Technical report of WRAIR.
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BODY 0? REPORT

POJECT No. 3A061102B71P : Communicable Diseases and Inmunloogy

TASK NO. 03 : Ecology and Control of Disease
Vectors and Reservoirs

I,• L,,IT 110 : Studies on Arthropods of Medical
Importance in Latin America

DESCRIPTION:

The objective of this study is to evaluate the diseasi vector
ptcntial of and vector control possibilities for selected arthropods
of medical importance in Central America. Current studies focus on the
-hl:botcmine sandflies as vectors of American leishmaniasis.

P:Pi .ACH.

"The basic biology and field ecology of species of medical interest
are investigated through an integrated program of laboratory and field
studies. The results are interpreted in ter-ms of the epidemiology of
hu.arn disease and disease vector control.

PROGIESS:

Sandfly breeding sites. This study was initiated in FY 1971
and ccmpleted in FY 1973. Breeding populations of phlebotomine
sandflies in the soil of the open forest floor were studied in a
rain forest near Gamboa, Canal Zone. Sandfly collections were made
with soil emergence traps from 43 selected sites within the study
area. Supporting studies of local envirormental effects on breeding
ropulations were made concurrently with the sandfly collections. The
general results of these studies are summarized in the following
paragraphs.

The species co..plement of the forest floor breeding habitat
includes 6 major species, of which 4 are anthropophilic and 2 are
zoophilic (Table 1). The species Lutzo:'1ia Lo•-i. and L. rorotaensis
had not been previously recovered from natural breeding sites. The
species L. inzolita had not been previously recovered from the forest
floor habitat. All 4 of the anthropophilic species collected have
been implicated in the transmission of American leishmaniasis in
other studies. The species L. pessoana is the major day-biting anthro-
pophilic species of the.study area.
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Tnii; study ri-relents thc f'rst :ia'ication of. the Ofthod; of

1rrulJt ii ecolo. to immature populations of Nlew r-d sandflik:s.
heel;:r.; opulat.c'ns were found to be th:*-n:y disnersed through-Dut t.he
ent.ir... forest f'Loor habitat (Table I). 'Ihe dominant species wcs L.
tr......, which cccu)iýes so:nc 8,5cý of the ar(.a of the forest floor "t
an aver;.-ge population density eof 8.3 per rf- of forest soil.

in all species a populatio:,I maximum occurs in the early rainy
season, a-nd in all except L. r Jroteensis ond L. in:;o]'ta a second
ropulc:ico zsmaximum occurs in t-e early dry season. Siu-ilarly, in
all sr.ecies a pop'ulation minimuti occurs in the late rain~y season, and
in adl except L. rorotaensis and I,. insolit., a second p2-mulation
minim,.uzr occurs in the late dry season. In brief, population maxima
tend to occur when soil moisture conditions are modenrate, and population
rminimx.a tend to occur when soil moisture conditions are extreme, either
wet or dry.

Supporting studies demonstrated that the forest litter tends to
be re=.oved by erosion from steep slopes and lower elev .t.:.ons and to
cmulate on gentle slopes anid hi;h.er elevations. This pattern of
dfisribution of the forest litter was reflected in the spatial pattern
of imr.m.t1,re sandfly populations. Populatcons of L. tr..... 'doi were
C:eater in streamsidce and hillside regions of the stui/Y area, while
populations of L. ra'-na•.ensiý;, L. mrr.ezi, L. pessoea'na and L. insolita
"were greater in hilltop regions of the study area. Ho-,;ever, only

±...r .z.........s and L. tessoana were collected from alluvial litter
at the edge of the stream.

Similarly, certain large trees and lianas were found to produce
exceptionally deep and extensive deposits of litter. Populations of
imrmature sandflies were generally greater in this situation than
elsewhere within the general forest area. Only L. trapidoi and L.
pana:-.,ensis were collected from palm litter.

The practical implications of the foregoing results seem clear.
Since several vector species breed continuously throu2hout the forest,
they are not amenable to control through selective treatment of
restricted areas or at particular seasons. Effective control will
depen." on development of methods for treating large areas of the
forest efficiently and cheaply. In the meantime, the use of personal
"protective measures should be emphasized.

Present information indicates that American leishna?.niasis occurs
in restricted microfoci within the general forest area. On the other
hand, our study of sandfly breeding sites indicate that several vector
species breed continuously throughout the forest area. This discrepancy
in the patterns of distribution of the parasite and its vectors suggests
that the incidence of leishmaniasis is limited by some factor other
than the availability of suitable vectors. The limiting factor may be,
instead, the availability of suitable vertebrate reservoir hosts.
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.... Zone SanCfly Associat-'ons.

An analytical study of available records of adult sandfly light-
trap collections from the Canal Zone was initiated and complcted
during 3Y 1973. These collections, ;-epresenting 24 locations within
the Znne. were made by elcments of the U.S. Arimy, Southern Command, and
the Middle America Research Unit over the period 1968 to 1972. A
total of 551 collections records, representing 10,070 sandflies of
37 species, were analyzed. )

7 It was concluded that the collections analyzed represented 2
ba5ic sandfly consociations dominated, in one case,by the zoophilic
species L. carpenteri,L. triramula and L. tcomoosi and, in the other,
by thc anthropuphilic species L. icTezi and L. ranmz7ensis and
th- zoophilic species L. dysponeta. Both consociations were highly

Jar"•.e2ble, and a number of disparate and intergrading species compositions
i•cre present in the collections analyzed. Each consociation occurs
in varying terrain and on both the Atlantic and Pacific slopes of the
isth!au.3, They occur successively in ccrtain locations, but one or
t-.e other is prevalent throughout the year in other locations. The
anthn'ropophilic consociation was more prevalent than the zoophilic
consoci ation.

It seems probable that those areas and seasons in which the
anthro,ýophilic species predominate are a greater hazard to human
health than others. Our data suggest that the sandfly species
co.Y,.positions of differing areas and seasons are regulated primarily
by patterns of rainfall and drainage and that the anthropophilic
consociation is favored by relatively wet situations. More detailed
study of sandfly associations in the field will be required for
confirmation of this point.

Snndf!'r Ecoio.yv on the Pacific Slope

Prtevious studies of sandfly ecology and population dynamics in
Panama have been made on the Atlantic slope of the Isthmus. However,
ecological conritions are quite different on the Pacific slope, where
the majority of infections with American leishmaniasis in U.S.
personnel are acquired. A study of sandfly ecology at Empire Range
(the area of most active transmission on the Pacific slope) was
initiated in No'-ember, 1972.

Adult sandflies are collected with light-traps at 20-meter intervals
along a 200-meter transect twice weekly. The transect samples 3
biotones characteristic of the area: (1) A grassy, disturbed area
intersected by a road and by rights-of-way for a power line and a
pipeline. (2) An adjoining secondary forest of chiefly hardwoods,
(3) A primary forest including numerous palm trees. The data obtained
include population density data by species, biotope and season.
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to-tai cf - speci(.z h:Qve been collected in the study area
(Tr.'.Ž 2). 5"": q:',ophilic L_.__ .,rrc-nteri and the

ant QaL i ... es ..... :,:.alni5 .OZotQer make u; 75%
of Li< speci.c cc;:::,os io:n. Other a- -.ro'orhiliic species co_,.Lected

n c. '• •1... u . L. "ra-,iduoi," i.

hf he cc!2cctions by transect station is given in
"" 3. - -. t'.Cnd is t...:.ard increasing densities deeper

in .. :. :f:r.:e.;.tions were least in the disturbed area
(.... io: . t ), int.,,:-•e in the s•condar-y forest (stations 5
to :- _-.t in .,_ rf-est (stations 9 to Ii).Po. in LL;z7erved at station 3 in the disturbed area

an ! c.t .at-ic., ti.ýi t chn:ary fores;t. The region of station 9 in
ta r:Zy f ev ..... represeýi ts a "pocket" in the sandfly
por. , icn di. uo, c. ;udi es of environm.ental conditions prevailing
at t:;i &everai cza*;ior, arc being made in an effort to explain the
occa-:u'e:ce of r r.hicro c:,ci and pockets.

L:-.d fly cJ • :c.ior,. w',-o contin,:nus throughout the dry season
(Dec:-er thru:" :,.ora1) (Trile 4) althou--h the dry season of 1972-3

waOI; o: f c.- :i"<:st .. record and the Pucific slcne norrally
only u-• 1/2 h -. ount of rainfall received by the

A.l_..ic i-. The po.' a c;in maxi:-= occurred in the early dry
se:c,:n (Jan~'c:-"93, ... 7 flies/trap/rniht) and t.he population

ni- occur' in th . d-ry seascn (April 1973, 1.2 flies/trap/
night). The ;>.cng of l c- 2 events agrees fully with results
obt:;ned on .. Atlantic '-.e in a prior study (see above). However,
at 2:I..1re Rar<- intc ....... population maximui was also observed
( 1.:,'" 1973, E.3 -lies/.r- ./x• &ht) Since this resurgence occurred
two .. onohs afte-r that of J;anuary 1973, it may be due to population
brooh-effects. Data from la=boratory rearing trials and from soil
eer.rgence tra-) collections indicate that the nornal generation time is
about 8 wees for Most species.

"'-e specics; car',nt-•• was predom-inant throuhout the dry
.,,,e - .1 _,. u th d. D '... . . ' S

searson ("Dce.'cr 1972 to .. :rii 1973) in the Empire -Range collections.
The C.nthropo•,'iic species L. oan' ,:.:In';io has beenpredominant in wet

season ,.ont.. to date (.ový..•:er 197--, May-June 1973). Populations
of L. or-n., declined steadily during the dry season, and this
snecies was oat=:.obered b-y The coron zoophilic species L. trinidadensis
during the late 6ry saason (February to April 1973).

The forego.:%,7 fluctuations in sandfly population densities and
exchn-a-;es of .K.i-.nc_ 'rt;:een zooiphilic and anthropophilic species
agree fully wit , the reulto obtained in our analysis of Canal Zone
sanU fly assoc.. wcns ,so', a ove). e heir effects on the epidemiological
pattern of sylv..... leishmrmniasis are uncertain, but they are undoubtedly
impor;ant. We r ay exjcct to find, for example, that the pattern of
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incidence of 3eishnuaniasis in animal populations is continually

shifting and clhanging within the forest area.

VMass-Reu..in, of Sandflies

Experimental studies of the transmission of leishmaniasis are
presently harpered by the lack of large numbers of sandflies for
experimental use. In addition to problems connected with survival,
mating, blood-feeding and oviposition in the adult stage, the
laboratory production of sandflies presents unique problems in
connection with rearing the immature stages. Several features of
sandfly biology contribute to the difficulty of m-us-rearing the
i[•ature stages: (1) The eggs are produced in relatively small
numbers (about 30 per clutch in most species). (2) The immature
stages (e<;g, larva and pupa) are exceptionally sensitive to extremes;
of moisture and temperature. (3) The period of development is
exceptionally long, usually 6 to 12 weeks. (4) The immature stages
develop in a milieu of decomposing organic materials which is difficult
to control and standardize.

Sandflies are traditionally reared in unglazed earthenware pots
placed in trays of water. The method is cumbersome and requires
constant attention to water level, larval food supply and fungal
growth. Consequently, it is necessary to expend large amounts of
manpower in the care of the colony to rear large numbers of sandflies
by this method. The ideal culture would be self-regulating with
regard to moisture content, food supply and fungal growth for the
entire period of growth and development of the immature stages (6 to
12 weeks). Experiments toward this end were initiated during FY 1973.

In initial experiments 58 single-brood cultures (chiefly of L.
tranidoi) were prepared as follows: Clay soil was homogenized with
water to a pasty consistency in a Waring blendor. Standard disposable
plastid Petri dishes (9 cm diam. x 1.2 cm deep) were filled with this
substrate to a depth of + 6 mm. The clay substrate was then covered
with a thin layer of leaf fragments prepared by conminuting dried
leaves in a Waring blendor. A single blood-fed, wild-caught female
sandfly was then introduced into each Petri dish and confined with the
cover. These were allowed to oviposit and die within the dishes, and
their progeny to develop without further care. Te rationale for
this kind of culture is as follows: (1) It simulates conditions in
natural breeding sites in the forest (see above). (2) The moisture-
binding properties of clay soils give long-term retention of moisture.
(3) The decomposing leaf fragments provide food for the entire period
of growth and development of the sandfly larvae.

Sandfly larvae fafled to appear in 27 (47%) of the 58 cultures
prepared. This loss is referable to shortcomings of survival, mating
and oviposition in the adult stage and of hatching in the egg stage.
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The efficacy of the method is best judged on the basis of the 32
cultures in which larvae &.-eared. A total of 2,0 adult sandflies
were obzained from the latter cultures. This total rer-
average yield of 7.5 sandflies pcr culture. The potenti.al of this
method, if refined and standardi:,ed, is indicated by the m-ximuam
yield obtained, 224 sandflies in culture no. 48. it was noted in
these trials that the more moist cultures were rore productive of
sandflies and less affected by ftugal overgrowth.

In a second series of trials, an attempt was made to improve on
the foregoing results 'y increasinr initial noi.•ture content and
replacing a part of the moisture loss. Due -co the non-availability
of L. traiidoni, L. gomezi was substituted in 15 of 148 cultures in
this series. In addition, to grcater amount of water initially, 1/2
of the moisture lost througi-h evaporation in the first 5 wee ks of
culture was replaced with a pipette during the sixth week of culture.

The foregoing modification of technique was unsuccessful. A total
of 117 (79'0) of the cultures were larva-negative. The yield of adult
sandflies from the 31 larva-positive cultures amounted to 86,for an
average of 2.8 sandflies rer culture. The msxim.um yield was 9
sandflies in culture no. 173 (L. tra-idoi).

The cause of the higher proportion of larva-negative cultures
observed in this experiment is not definitely knovn. It is believed
that the low yield obtained in larva-positive cultures was due to
adverse temperature and humidity conditions in the laborato7r
environment. The cultures were ke:)t in a non-.air-conditioned room
at ambient temperature and humidity. The first experiment, yielding
7.5 sandflies per positive culture, was conducted during the wet
season (August to November 1972). The second experiment, yielding
2.8 sandflies per positive culture, was conducted chiefly in the
dry season (January to June 1973). Although no measurements were
taken in &he first experiment, the rate of evaporation from the
cultures was noticeably less than in the seccn•d experiment. In the
second experiment, moisture losses were determined on a weekly basis
for 7 sample cultures (to which no water was added in the 6th week).
The average weight of the cultures at the tire of preparation
(excluding the weight of the Petri dish) was 58.0 gm, of which 34.9 gm
(60%) was water. After 6 weeks, an average of 15.7 gm of water
(455% of the original content) had been lost, and after 1.2 weeks, an
average of 27.9 gm of water (80% of the original content) had been
lost. It seems clear from our results that this rate of evaporation
is unsatisfactory and that it can not be remedied by a one-time

-• replenishment.

A primary purpose of this investigation is to develop a culture
method which does not depend on sophisticated, extraneous equipment
(air conditioners, humidif'.ers, incubators, etc.) for success. If

- - ~- - e - .-. -. -nr--~ -



such a method can be developed, it. will be effective under bhoth
controlled and uncontrolled conditions, as circur•mstances permit.
Accordingly, current experinlents continue to be directed toward
development of a reliable, self-regulating culture system.

A total of 234 sandfly cultures cf J• typvs are currently in
progress (Table 5). Evaporation has been redued in cultures
utilizing a dry substrate by reducing the surface area!volurle ratio
and -.he ventilation of the culture. The principle of the plaster
substrate method is similar to that of the unrglazed earthenware pot
method, but evaporation is reduced by the plastic walls and cap of
the container. The results of these and subsequent trials are
expected to lead to a method of mass-rearing of the imature
stages which will provide sufficient rxumbers of adult sandflies for
colonization trials and/cr disease transmission studies.
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Table 1. Population data for sandfly species breeding

on the open forest floor in Panama.

Mean

Population Areal

Density Prevalence

(per m2) (%)

Lutzcmyia trapnidoi* 8.3 85

L. ana-mensis* 3.3 65

L. go2ezi* 3.0 40

L. oessoana* 2.8 60

L. rorotatnsis 2.7 70

L. insolita 2.3 70

Totals 22.4 100%

*Anthropophilic species.
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Table 2. Sandfly collections at the Exopire Range

study area by species as of 30 June 1973.

Species No. Flies Caught

T . c..rienter. 727 48.05
L. cl% cabi-oior 30 1.93
L. •�ni405 % 26.77
L. b,-rr c.rrttoi 17 1. 11,2

L. vc, :tc- r n 8 .53
L. tr 57 3.77
L . t r i idad e nsis 41 2.71

L. sr-,1nar ia 15 .99
L. tr-'oidoi 68 4.49
L. r.nofdes 5 .33
L. g::.: z i 25 1.65
L. ovaliesi 2 .13
L. a cldifcra 3 .20

_. ps___na 14 .93
L. vc cci fera 11 .73
L. ca:n.osi 64 4.23
L. _I:-..i..letrl.x 2 .13

L. nor•cestina 9 .59
L. serra.. a 2 .13
L cruciata 3 .20
L. dys-ooneta 2 .12
Bru-ntcrvia spD. 1 •07
L. shannoni 1 .07
L. dasymera 1 .07

1513 99.99
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"Th'ole 3. Sandfly collections at the Empire Range study area

by transect station as of 30 June 1973

Mean
No. of

Station No Times Trapped No. Flies caught Flies/trap/night

1 27 6 0.22

2 20 10 0.50

3 25 24 0.96

4 .26 9 0.35

5 29. 150 5.17

6 27 219 8.11

7 18 120 6.67

8 25 146 5.84

9 16 42 2.63

10 24 289 12.o4

11 20 498 24.90

1513
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Table 4. Sahdfly collections at the Empire Range Study area

by month and principal species as of 30 June 1973.

November 1972 152 flies 24 Trapping Nights 6.3 flies/trap/night

L. panamensis 60 flies 39.47%
L. carpenteri 59 flies 38.82%

December 1972 206 flies 28 Trapping Nights 7.4.flies/trap/night

L. carnenteri 83 flies 10.29%
L. panamensis 64 flies 31.07%

January 1973 339 flies 34 Trapping Nights 9.7 flies/trap/night

L. carpenteri 175 flies 51.62%
L. panamensis 58 flies 17.11%

February 1973 149 flies 31 Trapping Nights 4.8 flies/trap/night

L. carpenteri 103 flies 69.13%
L. trinidadens;is 10 flies 6.71%

March 1973 297 flies 36 Trapping Nights 8.3 flies/trap/night
L. carpenteri , 248 flies 83.50%
L. trinidadensis 9 flies 3.03%

April 1973 44 flies 36 Trapping Nights 1.2 flies/trap/night

L. carpenteri 26 flies 59.09%
L. trinidadensis 4 flies 9.09%

May 1973 93 flies 35 Trapping Nights 2.7 flies/trap/night

L. pananensis 48 flies 51.61%
L. carpenteri 17 flies 18.28%

June 1973 233 flies 32 Trapping Nights 7.3 flies/trap/night

L. panamensis 174 flies 74.68%
L. carpenteri 16 flies 6.87%

TOTALS 1513 flies 5.7 flies/trap/night

L. carpentcri 48.05%
I. panaumensis 26.77%
L. trinidadensis 2.71%

28



Table 5. Sandfly cultures -n progress on 30 June 1973.

Sandfly Container

F.o. of
cultures Species No. Stage Material DimensionsI Ventilation2 Substrate

100 L. traoidoi 1 Adult Plastic 2.3x8.4 - Clay

15 L. gomezi 1 Adult Plastic 2.3x8 . 4  
- Clay

70 L. tUranidoi 1 Adult Glass 5.4x2.8 1 Perforation Clay

30 L. tomezi 1 Adult Glass 5. 4 x2.8 1 Perforation Clay

5 L. tranidoi 1 Adult Plastic 6 .5x5.0 5 Perforations Clay

I L. sar-nuiraria 5 Adult Plastic 7.0x 4 .3 I Perforation Clay

1 L. traoidoi 96 Adult Plastic 8.5x10.5 1.5 cm screen Plaster

2 L. tranidoi 500 Egg Plastic 8.5x10.5 1.5 cm screen Plaster

2 L. gomezi 500 Egg Plastic 8 .5xi0.5 1.5 cm screen Plaster

2 L. gomezi 200 Egg Plastic 8.5xli.5 1.5 cm screen Plaster

4 L. trapidoi 200 Egg Plastic 6 .0x 6 .0 1.5 cm screen Plaster

2 L. gomezi 200 Egg Plastic 6 .0x 6 .0 1.5 cm screen Plaster

234

1. Dimensions are given as depth x diameter in cm.

2. The provision for ventilation of the culture is either a 1.5 cm diam. nylon

screen in the cap or 1 or more perforations in the cap.

3. The plaster substrate is 9 parts plaster of Paris: 1 part activated charcoal

(V/V). The container is perforated on the bottom and kept in a trey of water.
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23. (U) 1. i'o gather information concerning the reservoir status, modes of transmis-
s on and pat:hoenesis of infectious diseases produced by important anthrorpozoonotic
and an-p'ixenctic aZ.ents. 2. To furnish patholo•¢r support to professional invest.'gatory.
of t:e :1,".u staff. 3. To furnish animal patholoj' consultation to other military
:.edica! fac-.1' ties for indicenous annhropozooncses -.onitorjnr,.
21. (U) :.ecronsies of non-human vertebrates P.re performed, supplemented with standard
and sp.ecial hito~atholo:V techniques as well as clinical pathology techniques.
Sc':rches are :r3de of possible natural reservoir wild aniLmals, domesticated ma-..als and
invertebrate hosts. The pathogenesis of selected tropical diseases are studied in
experimental animals.
25. (U) 72--7-73-06- The patholoc service continued to support the studies of
Venezuelan equine encephalomyelitis (V--), yellow fever, 2olivian hexscrihagic fever
end other na.ural and experimentally induced diseases in laboratory animals. Dia7nosti'
s'u.ort continued to be given to Air Force and Akrmy Veterinarians servicing the two
Canal Zone zoos, as well as examinations of wild animals for diseases indigenous to
th-2 area. Concentrated investigation has been on (1) normral developmental hematologica
,r-.-es in 7"-...dc. h-:s us (2) development of animal models for the study of leish-

i:nýý aZis and ý3) incidence and historatholugical changes of rodents infected with
- C7" n°lt3 costaric'Žnsis and in the non-htuan primates, Cebus cac'.•cinus and Atelef

-rouect h"s been trz.nsferred to Special Foreign Activities of Walter Reed Arny
o:*e o.' >,:.;earch a:nc: further progress will 1Le reported in the Annual Technical
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BODY OF REPORT

PROJECT No. 3A061lO2BTIQ : Coi',municable Diseases and Immunology

TIASK NO. 00 : Ecology and Control of Disease Vectors

and Reservoirs

WORK qJIiT 419 : Pathology and Pathogenesis of Naturally
Occurring Infections in Latin America

DESbCRIPTION:

'2-e objective of this study is to gain information on the reservoir
sta.us, modes of transmission and pathogenesis of diseases of animals
occu.rinng in the area. Necropsies of subhumani animals supplemented by
routine and special histopathologic examinations were performed in
nonono-1ng and characterizing a variety of disease changes in wild,
dor;.ez ticated and laboratory animals. Experimental infections and
ci2nical pathology techniques are utilized whenever necessary for

complete characterization of a disease process.

PROGYRESS:

During FY 73 347 animals were examined and 181 accessions made.
Part of the case material resulted from the support and pathology
services rendered to other investigators of USAIM.U-P and MARU and to
the Air Force and Army Veterinarians servicing the Canal Zone and
Republic of Panwia. The remainder of case material resulted from
independent research conducted by the Pathology section.

Diagnostic consultation support service included: 22 Calo.vus
callozus for the Bolivian hemorrhagic fever studies, 10 horses for
tho Venezuelan equine encephalomyelitis studies, 4 *\otut trivirgatus
monkeys in sui;port of Yellow fever studies, numerous mice for tests
for human Coxsacki virus infection, and over 200 additional animals
for disease surveillance.

An•4iostronf7(lus costaricensis

During this fiscal year, a laboratoryf cycle of Angiostronnylus
costaricensis was established and maintained using the natural rodent
host, Si~modcn hJ.,pidus and a slug Vag~inulus sp. as the molluscan
intermedia.te host. Important segments of the life cycle were
elucidated. Fourteen days after the feces of infected Sirmodon were
fed to slugs, a molt of second stage larvae into third stage larvae
occured. At 21 days, the third stage larvae were extracted by pepsin-
1c]. acid digestion of the infected slugs. Labora+ory reared Sirmodon

were fed these infectious larvae by gavage. Larvae penetrated the
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rico-a cf the small intestinc and/or cceu;, migrated to the su-Mucosa

... t ._or ard c ithin thce tissues. Irnature adilt
wor.T'; r..arated to a region'ni artery ar.,.• 6 days follrowing infection,
th:- your.i, adults penetrated tme artcr, and continued to mature within
the ' .:r.n.. Between 14 and 21 days oviposition occurred and by 28 days
first stage larvae were passed in the fcce6s of the infected rodents.

In order to gain inforuction regarding the n.tur... reservoir
hoss, several soUcics of wild caught and laboratory raised rodents
and 2 species of nonhuman primates were tested to detcr-mine their
susceptibility to infection with A. cortaricensis. The results of
these studies are summarized in Table 1.

Tnese studies demonstrated several interestirng facts. (i) When
exposed to 3rd stage larvae S,,u-.:odon bj.dus has yielded as high as
705 recovery of adult worrs; in branches of the cranial mesenmeric
artery, aorta and even in the left ventricle of the heart. (2) Rattus
no.....: -ur can serve as a labc.ratory nodel for this inrfection.
(3) -,': wild rodernts Zy-,oit'v. micrctinus, P.oc ,;i•'os sc-ns-i.nosus,

.c....rr-, and - so. do not pass Ist stage larvae
and t-:s do not perpetuate the lifecycle of this parasite. (4) rile
hamster and guinea pig react si-ilarly and do not perpetuate the
lifecycie. (4) A massive sin[gle dose of 3rd stage of A. coFtraicensis
in a susceptible host can result in mechanical bloc-:K-ae of brvaiches of
the cranial mesenteric artery with subsecuent infarction of the lower
intestiral tract and/or cecum resulting in peritonitis and/or death.
(6) T-wo species of non-hunan primates, Cebus ..... nus and ,,.,tles
geof.rcy, are able to perpetuate the cycle of A. cc-:t~ricennis
following experimental infection. The route of migraftion of the worms
and the time sequence for maturation and oviposition closely paralleled
that of S'-r.mcdon hisoidus. Both species developed granulomatous
inflaz.n-atorz- reactions similar to those reported in human infections;
and 4 of the infected monkeys subsequently died of this disease.
(7) Soe.e monkeys (but not all) of both species passed Ist stage
larvae in the feces 28 days after infection; a finding which has not
yet been demonstrated in hu,,an infections.

Exo-antigen was obtained from adult worms maintained up to 14 days
in mediur 199 containing 2,;5 penicillin-streptomycin and 0.550 armhotericin
B. Crude antigen from adult A. costiric:=nsis and the exo-antigen were
utilized for serological testing of non-.hion prinUtes. Thus far,
ouchterlony, complement-fixation, and hemagglutination tests have not
yielded a reliable test system. Skin tests administered to infected
Cebus can ucinus and Ateles g,,eoffroyi monkeys have negative results
regard2:ss of whether or not the monkey was passing first stage A.
costaricensis larvae in its feces.
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1ematoluc•y of Si.:nodon hispidus

Prior to initiation of studies of infection with Leishrania and
agents of other tropical d'asescs in Sig.modon it was deemed necessary
to establish avera.ge or st-ndurd hematologic valucs for the animals
of our colony in order to interpret disease-induced changes.

Hemograms were obtained on 36 Sirmmdon (21 males and 15 females)
once a n:)nth for 6 months. Additional hrmograms were determined on
19 of these animuls (13 males and 6 females) for an additional period
of l-7 -onths. Each hemogram consisted of hematocrit, hemoglobin
concentration, total erythrocyte, reticulocyte an, leukocytes counts
and leukocyte differential. Absolute leukocyte values and erythrocyte
indices were calculated utilizing standard formulas.

Blood samples (0.5 ml) uere collected during light ether
anesthesia frou th-e ophthalmic venous plexus using sterilized non-
heparinized Pasteur-type pipettes. Thin blood films were prepared
and the remaining blood transferred to a tube containing EDTA
an tico a juan t, (.5 EDTA/m. of whole blood).

Hematocrit was estimated using the microhematocrit method and
hemoglobin concentration was determined by the cyarnmethemoglobin
method.

Total erythrocyte and leukocyte counts were done by the standard
methods with a model A Cou-lter Counter, using dilutions of 1:500,000
and 1:530 respectively. The diluent was isotonic saline and the
stromalysing agent was LYSE2S (Coulter). The machine was calibrated
for Si*-:-odon hi4s-icus blood utilizing the following settings: aperture,
6; erythrocyte threshold, 10; and leukocyte threshold, 20. Each count
was made in triplicate and an average recorded for the sample.

Thin blood films were air dried and stained with Wrights'-Giemsa
stain (buffered pH 6.8). Two hundred leukocytes were 4ifferentiated
utilizing the cellular morphology criteria of Hepworth- including the
distinction between large and small lymphocytes.

Reticulocytes were enuzmerated per 1000 erythrocytes according to
the method of Johns 2 on smears of blood vitally stained with brilliant
cresyl blue and counter stained with Wrights' stain.

The erythrocytic parameters are presented in Tables 2-3. During
the entire 13 months of sequential sampling, there were no significant
differences between male and female S. hisnidus for any given age
group. The erythrocyte numbers and hematocrit values did not change
significantly cver the 13 month period. There was however, a signi-
ficant regression (F test: P<.001) of the hemoglobin concentration with
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age in both male and femrale Sirmodon. During the first two months of
life both male .nid female Sir.:iodon had a sharp reduction in the n,,be~r
of retlculocytes. After 2 months of age, these values progressea 4n a
linear -fashion throughout the next 11 mcnths of life.

The erythrocyte paremeters in our study are in close agreement
with te erythrocyte and h..matocrit values reported by Dunaway and Lewis 3

and with the heýmatocrit and hemoglobin values reported by Formann . Our
value.s, however, cre higher than the values reported by HepworthI for
both "ccnditiornei" and "stressed" wild caught Sigmodon; including
reticulocyte values above 15.

The leukocyte values are presented in Tables 4-5. During the 13
.month period of investigation there was no significant difference
between the leukocytes of males versus females or among age groups.

All the Sa-:_.odon had a significantly higher number of lymphocytes
than of neutrophils with the small lymphocytes outnumbering the large
type. 'These findings are in agreement with Hepworth and others in
classifying S:.-:mdon as one of the "lymphocytic-type" rodents (5).
Other points of agreement with Hepworth's Sigmodon population are similar
eosmnophil and besophil counts and lower number of neutrophils in
female versus males. Points of difference are lower monocyte counts
and highier total leukocyte counts of our animals when compared to the
"conditioned" wild-caught animals of Iiepworth.

Even though previous results are based on single or double samples,
the differences between individual results stress the importance of
evaluating blood parameters of study groups thus avoiding differences
which can arise due to geographic location or environmental conditions.
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TABLE I
SUMMT-ARY OF

ANGIOSTRONGYLUS COS`,' ICF1SIS
II:,FECTION IN SElV~iAL S~iCIEWS OF A1IJMALS

GE'.XUS SPECIES (COMMON NAME)

AT--.'U*-:S GFOFIFROYI (SPIDER MIXIXY 11~ 10 1 0 2

CAVIA ?ORCEELILUS (GUINEA PIG)3 0 3 3 0

CEBUS CLPUCI.NUS (WHITE FACE MONLlKEY) 7 6 1 0 2

LIOMY'S BSPER~SUS (SPINY P0CiET MOUSE) 1 1 0 0 1

MA~0ASP. (MOUSE OPOSSUM) 2 0 2 2 0

MIES0C121TETUS AURATUS (HAMSTER) 2 0 2 j0 2

IWS M:USCULUS (MOUSE) 10 10 0 0 2

NYCTOMYaS SUMICIIRASTI (VSPY2 RAT) 2 0 2 0 2

PROECli-L'rfMS SEMISPIOSUS (SPINY RAT) 2 0 2 2 ii
RATT"US NORVEGICUS (NORWAY RAT) 4 4 0 0 0

SIG.MODON HISPIDUS (COTTON RAT) 18 18 0 0 5

ZYGODONTOMYS MIlCROTI'NUS (CANE MOUSE) 16 0 16 8 0

TOTAL 8- 492j1 t
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ý13. AGSTRACT

The research program of USAi'•U-P is devoted to the study of infectious diseases
military importance in Latin America. The investigations reported are primarily
concerned with American leishmaniasis, a disease which continues to afflict US Forces
personnel.

A study of the effect of chemotherapy on serum antibody was made to determineA serologic testing would be of value in judging treatment efficacy. Although
few patients reverted to seronegativity, there was a demonstrable effect in most
cases, and the rate of treatment failure was inversely correlated with diminution
of titers. in one espundia case declining titers paralled'clinical improvement
and an increase in titer accompanied an explosive recrudescence.

Follow-up of patients treated with metranidazole in the Canal Zone and Republic
of Panama medical facilities demonstrated conclusively that this drug is of no value.

A vero cell experimental infection model for antileishmanial drug screening was
developed which permits exposure of intracellular amastigotes to drug for up to 10
days. Kowever, no effect on the parasites could be demonstrated with this system
using a clinically effective drug, methyl glucamine antimoniate.

An incidental finding was made of the first human liver fluke (kAmohimerus s.)
infection in Panama, which constitutes only the third report from the Western
Hemisphere.

Normal hematologic values for the colonized cotton rats (Si.-odon hispidus) used
for exteri'mental infection studies were derived from monthly samples over a 6-13

Smonth p'riod.
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The life cycle of _ o-onLrlis G:o't° r• 'rs" sý .. .v...• • az establ ished in
-the laborator-y ani experir.cnt:tl infecticons .•tuciiee ir several species of
wild rodents and 2 species of sub-htuan primates, which showed monkeys
develop a disease picture resembling that of humans.

A 2 year study of breedin,- populations of phlebotonine sandflies
and local environmentad ef,'ects on these populatiors was completed. The
species complement is divided into 2 majýor consociations, one dominated
by anthropophilic spccies and -he other Ly zoophilic spe~cies. The species
complement includes 6 major species of which 4 are anthtopophilic and
have been implicated in transin.ission of American leishmaniasis. The
effect of clinatologic, hydrologic, phytologic, and edaphic factors on

J •sandfly distribution was studied.

Mass zearing techniques using standard laboratory glassware were
developed which produced improved yields over traditional methods, with
greatilty reduced expenditure of ian hours. Wild caught females were
placed in culture preparations in which eggs were laid, hatched and
immature stage development progressed with essentially no attenticn or
care, vhich constitutes an important first step to colonization.
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