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SUMMARY

4

Tre regsearch program of UIARU-P is rvoted o the study of
infectious diseases rilitary in:oviasnce in Toatin Ascraca.  The ane5‘iga-
iions rerorted sre primarily conccerned +ilh fAmerican ileishmsnie
disecase whicir continuszs to afflict US Fourcos porsonnel.

A sLudy of the effect of chumother- - <n serun antibody was made
to Getermine if serolegic testin: would b ol valne in Judging trecatment
eflicacy. Although Jew patien .o roverteo Lo gercnoesitivity, there was
a

demonstravle effect in rost cases, and Lne rate oi treatment failure
was inversely correlated with diminution of Liters. In oane espundia
case declining titers paralleled clinica? irnrovemcnt anc an increase

in titer accompanied an explosive recrud-rionce.

Follow-up of patients trecuated with rwonidazole in the Cenal Zone
and Repuvlic of Panama medical Jaciliticr demonstralcd conclusively
that this drug is of no value.

A vero cell experimental inlecticon i: i1l for sntllicishmanial drug
screening was developed which peramits errosure of intraec-llular amesti-
gotes to érug for up to 10 deys. | However, no effect ©n the parasites
cculd be denmonstrated with this system unirs & clinicully effective drug,
methyl glucamine antimoniate.

An incidental finding was ride of iie *rst huran liver fluke
D sp.) infection in P: oma, which constituies only the third
report from the Western Hemisphere

Normal hematologic values tfor the colionized cotton rats (Sirmodon
hispidus) used for experimental infecticn siudies were derived from
ronthly samples over a 6-13 monih period.

The life-cycle of Angiostrencirius oo cis was estavlished
in the latoratory and experiment:il LnﬁeC\;u.a “studicd 1n several species
of wild rodents and 2 species of sub-humen primates, which showed monkeys
develop a disease picture resembling that of humans.

A 2 year study of breeding populationc of phleboloriine sandflies
and local environmental effects on these ropulatione wes cempleted. The
species complement is divided into 2 major consociciions, one deminated
by anthropophilic species and th~ other by noophilic species. The species
couplenent includes 6 major species of which U are ewuhropophllic and
nave been implicated in transmission of Ar:rican leishnaniasis. The
effect of clinatologic, hydrolozic, phytelczic, and edapnic factors on
sandfly distribution was studied.
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FORVWARD

The research program of the U.S. Arny Madical KResearch Unit, Panams is
deveted Lo the study of infectious discases and their vectors of
military importance in Latin America.

Tne rescearch projects were carried on under the following prolect and
task numuer:

) 3A061102B71q, Task 00, Work Units 110, 419, L21

In conducting the research described in thik report, the investigators
adrered to the "Guide for Laboratory Animal Fecilities and Care", as
pronilisated by the Cormittee on the Guide for Laboratory Animal Resources

National Acadeny of Sciences - Naticnal Research Council.

The Tindings in this report are not to be construed as an official
Oepzriment of the Army position unless so designated by other authorized
documants.,
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an incidental finding.

been transferred to Special Foreign Activities of Welter

ute of Researcn and further progress will be rcported
chniecal report of WRAIR.
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BODY OF REPORT

PRCJECT NO. 3A061102B71Q : Cormunicable Diseases and Immunology

TASK NO. 00 : Ecology and Montrol of Disease Vectors
and Reservoirs

WORK UNI _ k21 : Studies of Parasitic Infections in
Latin America

DE3CRIPTION: ' .

The objectives of this project are to determine, describe, and
delimit the perasitic diseases of actual cr porential military importsarce,
end to develop improved methods for their diegnosis, treaztment and
prevention. The major proportion of the research effort was devoted
to American leishmaniasis, a disease which continues to affiict US
Forces personnel. A study of the effect of cheisotherapr on serum
antibedy was made to determine if serologic testing wouud be of value
in ducu;“g treatment eflicacy. Although few patientis reverted to
seronegativity, there was a demonstrable effect in most cases, and
lack of diminution of antibody level was sRkown to have some predictive
value for treatment failure. Follow up of patients treated with
netranidazole in Canal Zone and Republice of Panama medical facilities
cder.onstrated unequivocally that this drug is of no vaiue. In efforts
to develop a tissue culture system for screenirng for antiileishmanial
activity, a Vero cell system was develored which allowed for drug
exposure of infected cells for up to 10 days, but no effect on the
intracelliular parasites could be demonstrated in this system with a
pentavalent antimonial compound which is clinically effective. In
other diseases, the Hemolytic leptospirosis (iL) test was established
to permit surveillance for this infection. An incidentel finding of a
ruran liver fluxe (Anrh‘rorus SD. ) infection was of acadamic interest
as the first such case in Panama, and only the uhlrd known lccality in -
the Western Hemisphere.

PROGRESS:

In the past, effectiveness of chemotherapy of American leishmaniasis
has been Jjudg~d solely by the healinz response of the lesion. However,
it is well rnown that in some cases complete elimination of the parasite
is not achieved in spite of clinicel healing of the lecion, and recurrence
or development of new lesions can occur. The new lesions mav involve
mucous membroanes and can eppear many years after the primary infection
and cause severe facial mutiletion, so tii» detection of residual
viable parusites can be of »xtreme imrortance. It was considered
trat the eflect of treatment on serum antibodies could add another
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parameter to judzing the effecti ess of drug treatment and a
stuly was inctvituted to msasure 1nd1re*‘ finorescent. antitody

ters during and after treatment notros:ectlve studies were
dogne on scra of patients treated with Cano¢ar " and Fuadin“lnd ot
natients ircated more recently with Pentostam: “ and Glucantime®

”hprc were detectable changes in serum antibodies following
't in “&ny czses. These duata are presented in Figure 1.
tses in ter occurred only in cases of treatment failure
straved uy the precence of parasites in culture or biopsy.
which showed no reduction in titer had a higa rate of drug
iures (9 of 16) while in those showing a titer reduction of even
-7o0ld, the propertion was greatly reduced (8 of 27). With four-
or greater reduction, there was only one failure in 23 cases.
ver, in the najority of cases antioodies persisted over long

éc in svite of a prownpt healing respense and some reduction in
. One of our patients has had positive IFA tests for 6 years,
«nd we recently tested an individual who was treated with antimonials
3¢ years ago and still has antibody.
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The reversion to negativity after treatment exhibited by sone
pultients, Table 1, suggests the possibility that the persistence of
ody in the others nigsht be due tc the continued presence of
le parasites. Since the great majority of treated cases have
stent titers, this is a rather disturbing hypothesis because of

own propensity of L. braziliencis to remain latent for many
year. and then produce ‘he nucosal lesions of espundia. In a few
cases 1t has been possible to demonstrate the presence of viable

si*es in clinically cured patients with persistent titers. One
tient was previously reported in the Annuzl Report for 1969. iHe
ceived three injections of Camoler which produced healing of his
le lesions, but no reduction in titer. Three months later, he
a

<
o
I
0w Uk

:3(.)

a course of treatment with Fuadin, his lesions again disappeared,
tivody level diminished, and then fell below detectable levelis.
ther patient treated with Glucantirme had promnt healing of a small
mary r on a finger, and a L-fold reduction in antibody titer.
this, 4 monihs after “reatment he developed a new fungoid
on on his elbow from which parasites were cultured. After excisien
ion and retrercment, his antibody droppcd below 1:8, but
2 months later it nad returned tc 1:16 (Figure 2). Although these
examples are Tew in number, and most of the persistent-antibody patients
have rever chown any indication that they would relepse, they are never-
the-lezs susgestive that drug treatnment has not been completely effective
for the majority of leishmoniasis cases in the Canal Zone and that the
patients mignt retain latent infection which could result in mucosal
lesions in the future.

The effert of treatrent of advanced nuconcutaneous leishmaniasis
was studied in a Bolivien Ariv officer who prescnted with repidly




procressing lesions after a history of unsuccessful treatment with

scdium entvtimeny tartrate, repcated cowrscs of stibophen and 3 courses
of cycloguunil pamoute over the preceding 2 1/2 years. The antibody
peswonse to pentevaelent antimeny and ampnotericin 3 is deronstreted

in Figure 3. The rapid diminution of antibody fcllowing Pentostem

treaticont paralled impressive elinical imprdvement. Afier amphotericin
B therary was terminated because of signs of renal toxicity, the patient
experiencea a sudden explosive recrudescence, and a serum sample

[
acronstrated a rise in antibody titer.

recent article in a leading journal reported success in the
treasnent of one case of American leishmaniasis with metranidazole
(Flary1l ™) and cited another article reporting some success with this
drug; acalnst leishmaniasis in Mexico. In contrast to these reports,
metrunidzzole failed in b out of 5 cases reported from brazil. U3AMRU-P
reccntly nad the cuportunity of monitor treatment of © cases of primary
cutoricous leishuaniasis acquired in Panama which were treated with
this druz.

Six wmale paticnts with leboratory~confirmed leishmanial ulcers of
8~10 weens evolution were trezted; U4 in Corbas Hospital, one at Gamboa
Medical Clinic and one under the supervision of the Sanidad Militaf
of tuhe Cuardia Nacional in Panama City. Before treatnent all patients
had a grneral physical examination, chest roentgengram and base-line
lzboratory examinations consisting of urinalysis, ccmplete blood count,
plutcict count, heroglobin, hemntoerit and SiMA-12 battery. These
leboratiory tests vwere repeated 4 times at 10-day intervals, i.e., after
the Tirsi treatment period, at the end of the rest period, and after 10
and 20 1275 of the second treatment period. Cultures were made from
the marsins of the lesions on the same schedule, and at 2- and L-weeks
after treatnent was terminated.

L"4 o7

1

Five.patients between the ages of 19 and 52 years were found to
be othervise healthy and laboratory values were within normal linmits.
Patieni #1, 14 years of age, had a neutropenia with a WBC count of
1,200/cu mm, ﬁolJnernonuclnnr neutrophlls 15%, lymphocytes 79%,
eosirophils 4%, and besophils 2%, a condition occasionally seen in
c¢hiléren in Panama. This patient was hospitalized for diagnostic
studies btut no other abnormalities were encountered and the cause of
these blcod findings had not yet been determined.

Initial improvement of the appearance of the lesion was seen in
all patizsnts during the first treatment period. However, in patients
ro. 3 and 4 the iuprovement was temporary and by tle end of the 10
day rest period {day 20) they had regressed to their original state.
During tie second treatment period improvement was much slower, even
for thos2 which did re-epithelialize. .
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Results of the cultures for leishmanial organisms sre shown in
Table 2. Only palient no. 2 showed consistently rnegative post-trectment
cultures. Patient no. 6 at the conclusion of treatment appeared to
. have been successfully treated, but later developed a slight disccleration
at the marzgin of the scar, and cultures inoculated at the b-weex follow-up
grew premastigotes.

Some drug-attributable adverse effects were ebserved. Patient
no. 1 exhibited a cteady dimirution of WBC count from 4,100/cu mm to
3,500/cu mn during the first period of treatment, rebocunded slirntly
to 4,0C0/cu vm in the rest period, but again declined to 3,000/cu mm
at day 30, whereupon treatment was terminated. Patient no. 2 likewise
exnibited 2 steady diminution in the WBC from a vaseline of 6,000/cu
mm to 5,500/cu a1 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 L respectively.

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

AT W s o - By e s By = ary A« e an- oy e

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

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

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

Although this series is small, these data demonstrate conclusively
that metranidazole cannot be regarded as adequate chemotherapy for
prirary Acerican leishmaniasis.

Lack of suitable experimental animal models for the screening of
drugs for antileishmanial aectivity, and prior success in cultivating
intra-cellular amastigotes of Panamanian strains of Leishmania in Vero

B e d




rar medla was :ound to pive rnnrcducxble Lnicc
weintained withouv overprowth of the monclayer
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with accurate p&rasite counts throuch 10 days A JlnL(UIL/ effectiv
érug, methyl glucamine antimoniate, was used for attenpts to uemoustrate
érug elfect, but no selective effect on parasites counld be seen with
this systen, even when the exposure to tha druz was extended to 10

deys. At this juncture it was learned that a co: sarcoma-ccell system

develoned by the Liverpool

School of Tropical Medicine has been used

for ‘ostlng a small series of drugs, and althou % the system demonstrated
tivity of other classes of compounds, no effecc was scen on

-

Leishronia nexicana by either tri- or penta-vaelent antimonial compounds.
Tne Vero cell system is currently being evaluated with a series of
non-antimonial drugs with known antiprotozoan properties.

In Ma*cq 1971 a stool examination done by & UTARSO lzboratory on

L& zdler revealed
ie

sirall operculated trematode ersss which

¢ a3 Clcnorchis sinencis and (eforred to USA RU-P for

on. Hepeated posi

tive examinations over a pericd of several
ished that this was not a spurious infection. 2Zecause C.
nct xnown to occur in the Western Hemisphere, the foodhandler

was again contected for further investigation.

The patient was a 25 year old male Cune Indicn who had lived his
entire life in the village of Mansuiun, Comarca de San Bles in Panana,
TW0 years after the origincl finding he was still passing the eggs.

They were consistent in size and morphology with /fxghimerus suayaguilensis

previously repcrted from hucmans in orie area in Lcuador and another in
Colozbia, and known to infect opposswis and domestic cats in Panama.

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

scan.

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

Results of Culture for Leishmania Organisms
with Metranidazole Treatment

Patient Day of Treatment
No. ‘Pre Rx 10 20 30 Lo Follow-up
1 + A + + | - ND + (2 wks post)
> + + + - - - (thru 4 wks)
3 + + + + + none-retreated
4 + + + + + none-retreated ‘
5 + + + . + none-retreated |
6 + + + + - + (L4 wks post)
10 |
e o S— - R e .
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) A 2 year study of breeding populations of phlebotomine sandflies (Diptera;
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BODY OF REPORT

FROJECT NC. 3A051102B71P : Comrunicable Dis=ases and Immunclogy

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

Wora UNIT 110 : Studies on Arthropods of Medical
Importance in Latin America

DFESCRIPTION:

The oblective of this study is to evaluate the diseasé vector
cntial of and vector control possibilities for selected arthropods
medical importance in Central America. Current studies focus on the
shlobotcrzine sandflies as vectors of American leishmaniasis.

o
29 L)

)rJ

NSV OnCH.

The basic biology and field ecology cof species of medical interest
are investigated through en integrated program of laboratory and field
studies. The rasults are interpreted in terms of the epidemioclogy of
hi.an disease and disease vector control.

PROGESS

Sandfly breeding sites. This study was initiated in FY 1971
tnd ccempleted 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 L3 selected sites within the study
areca. . Supporting studics of local environmental effects on breeding
ropulations were made concurrently with the sandfly collections. The
cerneral results of these studies are summaerized in the following
reragraphs.

The svecies cowplement of the forest floor breeding habitat
includes 6 major species, of which U4 are anthropophilic and 2 are
zoophilic (Table 1). The species Lutzormyia pomezi and L. rorotaensis
hed not been previously recovered froa natursal breeding sites. The
species L. insolita had nol been previously recovered from the forest
flcor 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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Tuls study represensts tae I7rst application of the methods o
ropulation ecolory to immature populations of New wWorid zandfilics.
Ereeiin,; ropuletions were found tc te thinly dispercea throughout the
entire forest floor habitat (Table 1). 'The dominant species wes L.
troxidol, winich cecupies some 857 of the area of the forest floor av
an averiye pepulation cdensity of 8.3 per n- of forest scil.

In all specics o population maximum occurs in the carly rainy
seascn, &nd in all except L. rorotaensis wand L. incolita a second
ropulaticn maximun occurs in the early dry season. OSiwmilarly, in

1l srecies a population minimwl occurs in the late rainy season, and
L exeept L. rorotaensis and L. insolita a second population
nimum occurs in the lete dry season. In brief, population muxima
tend to occur when soil moisture conditicons are moi=rate, and population
Linira tend 0 occur when go0il moisture ccnditions are extreme, either
wet or dry.

Surporting studies demonstreted that the forest litter tends to
be rexzoved by erosion from steep slopes und lower elevations and to
cuntlate on gentle slopes and Ligher elevations. 7Tnis pattern of
aistribution of the forest littier was reflccled in tho spatial pattern
of immature sandfly populations. Populetlons of L. iraouidoi were
greater in streamside and hillside regions of the : stuly area, while
populaticns of L. ranarensis, L. fomezi, L. pessocenn and L. incolita
were greater in hilltop regions of the study area. However, only

L. penonensis and L. vessoana were collected from alluviel litter
&t the edage of the stream.

Similarly, certain large trees and lianas were found to produce
excepticnally deep and extensive deposits of litter. rPopulations of
immature sandflies were generally greater in this situstion than
elsewnere within the general forest area. Only L. trepidoi and L.
panamensis were collected from palm litter.

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

Present information indicates that American leishmaniasis 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 parusite and its vectors suggests
trhat the incidence of leishmaniasis is limited by some factor other
than the availability of suitable vectors. The limiting factor may be,
instead, the availebility of suitable vertebrate reservoir hosts.

-
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Cunal Zene Sancfly Associations.

An analytical study of available records of adult sandfly light-
trap collecticns from the Cznal Zone wes initisated and completed
during FY 1973. These collections, vepresenting 2L locations within
the Zone, were made by elcments of the U.S. Army, Southern Command, and

& &L s

the Middle America Research Unit over the period 1968 to 1972. A
total of 551 collections records, representing 10,070 sandfliss of
37 specles, were analyzed. _ )

!

It was concluded that the ceollections analyzed represented 2
busic sandfly consociations dominated, in one case,by the zoophilic
species L. carventeri,L. triramula and L. comvosi and, in the other,
bty the anthrepopnilic species L. gerezl and L. panzmensis and
. 3 P AT

vho zoophilic species L. dvsooneta. Both consociations were highly
variecle, and a number of disparzte ard intergrading species compositions
wecre pre2sent in the collecticns analyzed. Each consociation occurs

in varying terrein and on both the Atlantic and Pacific slopes of the
Isthmus. They occur successively in certain locations, but one or

the other is prevalent throughout the year in other locations. The
arnthrorophilic consociation was more prevalent than the zoophilice
cousociation.

4

It seems probable that those areas and seasons in which the
anthrorophilic species predominate ere a greater hazard to human
healts than others. Our data suggest that ‘the sandfly species
convositions oi differing ereas and seasons are regulated primarily .
by patterns of rainfall and drainage and that the anthropophilic
consocliation is favored by relatively wet situations. More detailed
study of sandfly associations in the field will be required for
confirmation of this point.

~

Sandfly Zcolory on the Pacific Slope

Previous studies of sandfly ecology and population dynanmics in
anama have been made on the Atlantic slope of the Isthmus. However,
cological concditions are quite different on the Pacific slope, where
he majlority of infections with American leishmaniasis in U.S.
persornel are acquired. A study of sendfly ecology at Empire Range
(the area of most active transmission on the Pacific slope) was
initiated in Noverber, 1972.

o *J

c*

Acdult sandflies are collected with light-traps at 20-meter intervals
along a 200-meter transect twice weekly. The transect samples 3
biotores 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 cbtained
includ> population density data by species, biotcpe and season.
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hove been coll
Rig :ocphilic

T y srocles L. r
of *iLc¢ speciel compasilicn. ther anihrororiilic species cotlected

include L. olm-22, L. sanguineria, L. travidoi, L.
wna, ¢nd L. ylephile-.rix.

A osuromary of che cellectlons by transect station is givea in

is toward increasing densities deeper
ions were least in the disturbed area
in tdn s.ycondarv *ores» (stations S

PO‘u;a:ion mLcra:aci oo xuzcrved “L statlon 3 in the disturbed area
and o4 station © ia th mlary forest. The region of station 9 in
the represcnts a "pocket' in the szndfly

den.  Ghudles ol environmental conditions prevailing
at 1.2 several siwsions are teing made in an effort to explain the
occurrence ol sv2h ricrosoci and pockets,

Grndfly collesion: woere continunus throughout the dry season

Loer thros oo Aneil) (T.nl2 4) althoush the dry season of 1972-3
I AW d-lxst o record and the Pucific slcpe normally
only =7 .ut 1/2 the amount of rainfall received by the
giorw. The porulotion maximum cccurred in the early dry
anusy 1073, .7 flies/trap/night) and the population
L ooccuryrl in the izte dry seascn (April 1973, 1.2 flies/trap/
nig”c). The o1 2 ever!s agrees fully with results

ic cicre in a prior study (see sbove). However,
: y 0 tere v population maximum was also observed
(Lazv“ 973, . /trin/night). Since this resurgence occurred
two ronths after that of Junuary 1873, it may be due to population
broci-effecte. lata 'r

om laboratory rearing trials and from soil
erergoence trap ccllections indicate that the normal generation time is
about & weels Ior most species.

iteri was predominant throushout the dry

Leril 1973) in the Empire Range collections.
The wnthroperiiliic species »n5i3 has been predeminant in wet
season nonths to date {Lovers: 72, May-June 1973). Populaticns

of L. nunzmenzis declined steadily cduring the dry scason, and this
specics was outnuTmbered ty the common zoophilic species L. itrinidadensis

erier ]

during the late dry scason (February to April 1973).

The for=ouint fluztustions in san d’ly population densities and
exciannes of dominance tetween zoophlilic and anthropophilic species
agrce fully m't* ihe ‘eﬂwl 3 obtained in our analysis of Canal Zone
sancly associiticns {ceo arove). ‘iheir effects on the epidemiological
pattern of sylven leishraniasis are uncertain, but they are undoubtedly
imporvant. Wo oy expect to find, for example, that the pattern of
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incidence of Jeishmaniasis in animal populaticns is continuslily
shiiting and changing within the forest area.

Mass-Rearing 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, blccd-feeding and oviposition in the adult stsge, the
laboratory oroduction of sandflies presents unique problems in
connection with rearing the immature stages. Several featurcs of
sandfly biology contribute to the difficulty of muus-rearing the
immature stages: (1) The eggs are produced in relatively small
numbers (about 30 per clutch in most species). (2) The immature
stages (ezg, larva end 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
srowth. Consequently, it is necessary to expend large amounts of
manpower in the care of the colony to rear large numbers of sandflies
by this methed. The ideal culture would be self-regulating with
regard to moisture content, food supply end 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.
Ezgpidoi) were prepared as follows: Clay soil was homogenized with
water to a pasty consistency in a Waring blendor. Standard disposable
plastic 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 comninuting dried
leaves in a Waring blendor. A single blood-fed, wild-caught female
sanéfly was then intrcduced 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. The rationale for
this kind of culture is as follows: (1) It simulstes 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) Tne decomposing leaf fragments provide food for the entire period
of growth and development of the sandfly larvsae.

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 judeged on the basis ol the 32

cultures ia whiech larvae appeared. A toiteal of 200 adult sandflies

were obtalned frem the lutuer cuitures. Tnis tectal repressnts en

average yield of 7.5 sandfiies per culture. The potential of this
Ll

meticd, il refined and standardized, is indicated by the maximum
yield obtained, 2b sandflies in culture no. k8. It was noted in
tliese triels thzt the more moist culiures were more productive of

sandflies and less affected by fungal overgrovth.

In a seccnd series of trials, an attempt wos made to improve on
the Floregoing results %y 1nc*ea°1n“ initial roisture content and
replacing a part of the moisture louss. Due vo the non-availability
of L. tranidoi, L. gomezi was substituted in 15 of 148 cultures in
this series. In additioa, to grcater amount of water 1n1t*ally, 1/2
of the moisture lost through evaporation in the first 5 weeks of
culture was replaced with a pipette during the sixth week of culture.

The fo“eboinv modification of technique was unsuccessful. A total
of 117 (79%) of the cultures were larva-negative. The yield of adult
sandflies from the 31 larve-positive cultures amounted to £6,for an
average of 2.8 sandflies per culture. The maxirum yield was 9
sandflies in culture no. 173 (L. tra-idoi).

The cause of the higher prorortion of larva-negative cultures
observed in this experiment is not definitely known. It is believed
that the low yield obtaired in larva-positive cultures was due to
adverse temperature and hunidity conditions in the laborzatory
environment. The cultures were kent in a non-eir-conditioned room
at ambient temperature and humidity. The first experiment, yielding
T.5 sandflies per positive culture, was conducted during the wet

season (August to Noverber 1972). The second experiment, yielding
2.8 sandflies per positive culture, was conducted chiefly in the
dry seascn (uanuary to June 1973). Although no measurements were
taken in .he first experiment, the rate of evaporeticn from the
cultures was noticeably less than in the seccnd experiment. In the
second experiment, moisture losses were determined on a weekxly basis
for 7 sample cultures (to which no water was added in the 6th week).
The average weight of the cultures at the time of preparation
(excluding the weight of the Petri dish) was 58.0 gm, of which 34.9 gnm
(€0%) was water. After 6 weeks, an average of 15.7 gm of water
(4LS% of the original content) had been lcst, and after 12 weeks, an
average of 27.9 gm of water (80% of the original content) had teen
lost. It seexs clear from our resuvlts 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, humidifiers, incubators, etc.) for success. If
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such a method can be developed, it will be effective under hoth
controiled and uncontrolled conditions, ss circumstances permit.
heecordingly, current experiments centinue to ve directed foward
development of a reliable, seif-regulating cuiture system.

A total of 23k sandfly cultures cf 3@ tyres are currently in
progress (Table 5). Evaporaticn has been reduved in cultures
utilizing a dry substrate by reducing the surlace area/vclume ratio
and the ventilation of the culture. The principle of the Tlaster
subsirate method is similar to that of the unglazed earthernware pot
rncthed, but evaporation is reduced by the plestic 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 immature
stages which will provide sufficient rumbers of adult sandflies for

o

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 Panana.

Mean

Popuiation4 Aresl

Density Prevalénce

(per u°) (%)
Lutzemyia tranidoi® ' 8.3 85
L. pananensis* ) 3.3 €5
L. gorezi* 3.0 Lo
L. pesscana* 2.8 60
L. rorotaensis 2.7 70
L. insolita 2.3 70
Totals ;;TZ- ;SS;

*¥Anthropophilic species.
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Table 2. Sandfly collections at the Enpire Range

study erea by speciesc as of 320 June 1973,

. Species No. Flics Ceught xz
L. 727 48.05
L. - 30 1.93
L. Los 26.7T
L. 7 1.12
L. 8 .53
L. 5T 3.77
L. L1 2.71
L. 15 99
L. 68 L. k9
L. runcides 5 «33
L. gomezi -2 1.65
L. ovallesi 2 .13
L. eclrdifera 3 .20
L. pzszcana AL .93
L. vesicif 11 .73
L. camposi 6L k.23
L. _ylerniletrix 2 .13
L._nordestina 9 59
L. serrcrna 2 .13
L. crucieta 3 .20
L. drszoneta 2 .12
Brumpicmyia SpD. 1 .07
L. shannoni 1 .07
L._Casymera 1 .07

1513 . 99.99
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Table 3.

Sandfly collections at the Empire Range study area

by transect station as of 30 June 1973

No. Times Trapved

27
20
25
.26
29.
27
18
25
16
2k

20

Mean
No. of
No. Flies caught Flies/trap/night
6 0.22
10 0.50
2k 0.96
9 0.35
150 5.17 -
219 8.11
120 6.67
146 5.8k
k2 2.63
289 12.0L
498 24.90
1513




Teble L.

Saudéfly collections at the Empire Range Study area

by month and principal species as of 30 June 1973.

Novewber 1972 152

December 1972 206

L. carpenteri

Pt

L. panamensis

January 1973 339

carpenteri
panamensis

3

February 1973 19

. carpenteri
trinidodensis

[t

March 1973 297

L. carpenteri
‘I;.

April 1973 Ly

carpenteri
trinidedensis

s

May 1973 93

panamensis
carpenteri

233

3

June 1973

panamensis
carpenteri

jer e

TOTALS 1513

L.

-—e

carpentori
panariensis
trinidadensis

flies

flies

flies

flies

flies

trinidadensis

flies

fljes

flies

flies

24 Trepping Nights

6.3 flies/trap/night

60 flies 39.47%
59 flies 38.82%
28 Trapping Nights T.4 flies/trap/night
83 flies L0.29%
64 flies 31.07%
3% Trapping Nights 9.7 flies/trap/night
175 flies 51.62%
S8 flies 17.11%
31 Trapping Nights 4.8 flies/trap/night
103 flies 69.13%
10 flies 6.71%
36 Trapping Nights 8.3 flies/trap/night
2L8 flies 83.50%
9 flies 3.03%
36 Trapping Nights 1.2 flies/trap/night
26 flies 59.09%
L flies 9.09%
35 Trapping Nights 2.7 flies/trap/night
48 flies 51.61%
17 flies 18.28%
32 Trapping Nights 7.3 flies/trap/night
174 flies T4 ,68%
16 flies 6.87%
‘ 5.7 flies/trap/night
L8.059
26.77%
2.7i%




Table 5. Sandfly cultures in progress on 30 June 1973.

s Sandfly Container
No. of ' 3
cultures Species No. Stage Material Dimensionsl Ventilation2 Substrate -
100 L. trepidoi 1 Adult  Plastic  2.3x8.4 - Clay
15 L. gomezi 1 Adult Plastic 2.3x8.% - Clay
70 L. trapidoi 1 Adult Glass 5.Lx2,.8 1 Pe;foration Clay
30 L. gomezi 1 Adult Glass 5.4x2,8 1 Perforation Clay
5 L. trapidei 1 Adult Plastic> 6.5x5.0 5 Perforations Clay
1 ' L. sanguiraria 5 Adult Plastic 7.0xk.3 1 Perforation Clay
1 L. travidoi 96 Adult Plastic 8.5x10.5 1.5 cm screen Plaster
2 L. trapidoi 500 Egg Plastic 8.5x10.5 1.5 cm screeﬁ Plaster
2 L. gomezi 500 Egg Plastic 8.5x10.5 1.5 cm screen Plaster
2 L. gomezi 200 Egg Plastic 8.5x10.5 1.5 cm screen Plaster
L L. trapidoi 200 Egg Plastic 6.0x6.0 1.5 cm screen  Plaster
2 L. gomezi 200 Egg Plastic 6.0x6.0 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 caﬁ.

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

(V/V). The container is perforated on the bottom and kept in a tray of water.
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BODY OF REPCRT

PROJECT No. 3A061102BT1§ : Cormunicaeble Diseases and Immunology

TASK NO. “ 00 : Ecology and Control of Disease Vectors
end Reservoirs

WOrRK IIT 419 : Pathology and Pathogenesis of Naturally
. Occurring Infections in Latin America

DESCRIPTION:

e objective of this study is to gain information on the reservoir
siatus, modes of transmission and pathogenesis of diseases of animals
¢ecewrring in the arca. Necropsies of subhuman animals supplemented by

‘cutine and special histopathologic examinations were performed in
nonit oring and characterizing a variety of disease changes in wild,
donecticated and laboratory animals. Experimental infections and
¢linical patnology technicgues are utilized whenever necessary for
corvlete characterization of a disease process.

u
uti

PROGRESS:

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 USAMRU-P and MARU and to
the Air Yorce and Army Veterinarians servicing the Canal Zone and
Republic of Panama. The remainder of case material resulted from
independent research conducted by the Pathology section.

Diagnostic consultation support service included: 22 Calomys
czllosus for the Bolivian hemorrhagic fever studies, 10 horses for
th~ Venezuelan equine encephalomyelitis studies, U \otus trivirecatus
nonkeys in support of Yellow fever studies, numerous mice for tests
for human Coxiggxg virus infection, and over 200 additional animals
for disease surveillance.

Anziostronrylus costaricensis

During this fiscal year, a laboratory cycle of Angiostronsylus
costaricensis was established and maintained using the natural rodent
host, Sigmoden hispidus and a slug Vaginulus sp. as the molluscan
intermedicte host. Important segments of the life cycle were
cluciduated. Fourteen days after the feces of infected Sigﬁodon 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-
Hel acid digestion of the infected slugs. Labora*ory reared Sirmodon
werc fed these infectious larvae by gavage. Larvae penetrated the
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mucosa of the smell intestine and/or cecun, migrated te the sutmucosa
of the scma organ and moltei within these tissuves. Immature sdult
worms rirrated to a regionni artery and G days following infection,
the youn; adults penetrated the artery end continued to mature within
he iunan. Between 14 and 21 days oviposition occurred and bty 28 days
irst stage larvae were passed iu the feces of the infected rocents.

3
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In oréer to gain informetion regarding the notursl recervoir
ig, several spccies of wild caught and laboratory raised rcdents
pec;es of nonhuman prinates were tasted to determine thelr
;ibility to infection with A. cerstarvicensis. The results of
tudies are summarized in Table 1.

These studies demonstrated several interesting facts. . (1) When
exposcd to 3rd stage larvae Signodon nisnpidus has yielded as high as
70% recovery of adult worms in branches of the cranial mesenicric +
artery, zorta and even in the left ventricle of the heart. (2) Rattus
norvai can serve as a labecratory model for this infectioin.
(3) wild rodents Zygedcnterys microtinus, Proeciirys senieninosus,
Lycteorss sumicnrasti, and Marrosa sp. o nol pass 1st stoage sdrvae
andé thus do not perpetuate ihe L1$e:ycle of this parasite. (L4) The -
namster» end guinea pig react similarly ¢nd do not perpetuate the
lifecycle. (b4) A massive single dose of 3rd stage of A. costnricensis
in a cusceptible host can result in mochanical blockase of branches of
the cranial mesenteric artery with subsecuent inferction of the lower r
intestinal tract and/or cecum resulting in peritonitis and/or death.
(6) Two species of non-human primates, Cebus - pucinus and Ateles
feoffrcyi are able tc perpeiuate the cycle of A. coctoricencis
followin; experimental infection. The route of migration of the worms
ané the time sequence for nmaturation and oviposition closely paralleled
that of Sirmcdon hisnidus. Both species developed granulomatcous
in;lar""ory reactions similar to those reported in hunan infections;
and 4 of the infected monkeys subsequently died of this disease.
(7) Scme monkeys (but not all) of toth species passed lst stage
larvae in the feces 28 days after infection; a finding which has not
Yet been demonstrated in numan infecticns.

Exo-antigen was obtained from adult worms maintained up to 14 days
in mediuz 199 containing 2 pe11c1111n—’*reptowyc1n and 0.5% amghotericin
B. rude antigen from adult A. cost Pe“°1s and the exo-antigen were
utilized for serolosical testing of non~hunan ovrimates. Thus far,
oucnterlony, complerment-fixation, ana uemagglut*nntion tests have not
yielded a reliable test system. Skin tcsts administered to infected
Cetus corucinus and Ateles reoffroyi nonkeys have negative results
regercéless of whether or not the monkey was pa351ng first stege A.
costaricensis larvee in its feces.
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Prior to initiation of studies of infection with Leishmania and
agents of other tropical dicsescs in Sigmodon it wes desmed rniecessary
to establish sveraze or stindurd hemetolozic valucs fcr the aniwrals
of our colony in order to interpret disease~induced changes.

Hemograms wecre obtained on 36 Sipmodon (21 males and 15 females)
once & nonth for 6 months. Additicnal nrmograms were determined on
19 of ihese animels (13 males and 6 females) for an adaditionsl period
of 1-T wonths. TFach hemogram consisted of hematocrit, hemoglobin
concentration, lotal erythrocyte, reticulocyte ani leukocytes counts
end leuXocyte differential. Absolute leuxocyte velues and erythrocyte
indices were calculated utilizing standard formulas. .

Blood samvles (0.5 ml) were collected during light ether
anestihesia from the ophthalmic venous plexus using sterilized non-
heparirized Pasteur-type pipettes. Thin blood films were prepered
and the remaining blood trunsferred to e tute containing EDTA
anticcasulant (1.5 mg EDTA/ml of whole blood).

Hematocerit was estimaied using the nicrohematocrit method and
henoglobin concentration was determined by the cyanmethemoglorin
method.

Total erythrocyte and leukocyte counts were done by the standard
methods with a nodel A Coulter Ccunter, using dilutions of 1:500,000
and 1:5C0 respectively. The diluent was isotonic saline and the
stromalysing agent was LYSES (Coulter). The machine was calibrated
for Si-rodon hisuidus blood utilizing the folleowing settings: aperture,
6; eryinrocyte threshold, 10; and leukocyte threshold, 20. Each count
was made in triplicate and an everage recorded for the sample.

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

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

Tne erythrocytic parareters are presented in Tables 2-3. During
the entire 13 months of seguential sampling, there were no significant
differences between male and female S. hisvidus for any given age
group. The erythrocyte numbers and hematocrit values did not change
significantly cver the 13 mcnth period. There was however, & signi-
ficant regression (F test: P<.001) of the hemoglobin concentration with
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age in both male and femcle Siecm ndou. During the first two months of
life hoth nmale znd female Siymcdon ion had & sharp reduction in the nimbar

of reticulocytes. After 2 months of‘ aze, these values progressea 4«n a
linear fasnion throughout the next 11 menths of life.

The erythrocyte parameters in our study are in close agreement
with the erythrocyte and hematocrit vslues reported by Dunaway and Lewis3
and with the henatocrit and hemoglobin values reported by Formanh Our
valuss, however, &re higher than the values reported by Hepworthl for
A

both "conditioned" and "stressed" wild caught Sigmodon; including
reticulocyte values above 1%.

The leukocyte values are presented in Tables LU-5. During the 13
_month veriod of investigation there was no significant difference
betwveen the leukocytes of males versus females or among age groups.

411 the Sifmodon had & significantly higher number of lyuphocytes
than of neutroprhils with the small lymphocytes outnumbering the large
type Thnese findings are in agreement with Hepworth and others in
clasc1f\1ng S:zmodon as one of the "lymphocytic-type" rodents (5).

Other points of egreement with Hepworth's Sigmodcn population are similar
ecsinovhil and basophil counts and lower nurmber of neutrophils in

fenzale versus males. Points of difference are lower monocyte counts

and higher totzl leukocyte counts of cur animals when compared to the
"conditioned" wild-caught animals of Hepwortis.

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
whicih can arise due to geogrephic location or environmental conditions.
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TABLE 1
SUMMARY OF
ANGIOSTRONGYLUS CO3TARICELSIS
INFECTION IN SEVERAL SPACIRS OF ANIMALS

i
<3
g
(@]
v
e
a
el
[52]
GE:3US SPECIES (COMMON NAME) gi
ATELES GEOFFROYI (SPIDER MONKEY 11 | 10 1 0 2
CAVIA PORCELLUS (GUINEA PIG) | 3 0 3 3 0
CEBUS CAPUCINUS (WHITE FACE MONKEY) 7 I3 1 0 >
LIONYS ADSPERSUS (SPINY POCKET MOUSE) | 1 1 0 0 1
MARMOSA SP. (MOUSE OFOSSUM) 2 0 2 2 0
MESOCRITETUS AURATUS (HAMSTER) 2 0 2 0 2
MUS MUSCULUS (MOUSE) 10 10 0 0 2
NYCTOMYS SUMICHRASTI (VESPFR RAT) 2 0 2 0 2
PROECHIMYS SEMISPINOSUS (SPINY RAT) o 0 ) 2 1
RATTUS NORVEGICUS (NORWAY RAT) L 4 0 0 0
SIGMODON HISPIDUS (COTTON RAT) " 18 | 18 0 0 5
ZYGODOJTOMYS MICROTINUS (CANE MOUSE) 16 0 | 16 8 C
TOTAL 78 | 49 29 15 16
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A13. ABSTRACT

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

A stuldy of the effect of chemotherapy on serum antibody was made to determine
if serolozgic testing would be cf value in Jjudging treatment efficacy. Although
few patients reverted to seronegativity, there was a demonstrable effect in most
cases, &nd the rate cf treatment failure was inversely correlated with diminution
of titers. 1In 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 Pananz 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. rLowever, no effect on the parasites could be demonstrated with this system
using a cliniczally effective drug, methyl glucamine antimoniate.

An incidentsl finding was made of the first human liver fluke (Amphimerus sp.)
infection in Panama, which constitutes only the third report from the Western
Hemisrlere.

Normal hematologic values for the colonized cotton rats (Sirmodon hispidus) used
for ex*nr_“ental infection studies were derived from monthly samples over a 6-13
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The life cycle of Angiosticnsrlus costuricensis wes
the lavoralory anid experimential infections studied in sev

develop a disease picilure resemdbling that of humans.

A 2 year study of breedirn; populaticns of phlebotomine sandflies
and local environmentrl effects on these populatiors was cempleted. The
species cormplement is divided into 2 major consociastions, one dominated
by anthrovophilic spceies and the other Ly zoophilic species. The species
complement includes 6 major species of which 4 are enthfopophilic and
have been implicated in transnission of American leishmanissis. The
effect of clinatologic, hydrologic, phytolcgic, and edaphic factors on
sandrly distribution was studied.

Mass rearing techniques using standard laboratory glassware were
ceveloped which produced improved yields over traditional methods, with
greatly roduced expenditure of i1zan hours. Wild caught females were
placed in culture preparations in which esgs were leid, hatched and
immatura stege development progressed with essentially no attentica or
care, which constitutes an important first step to colonization.
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