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LEISHMANIA BRAZILIENSIS TN THE PANAMANIAN
TWO-TOED SLOTH, CHOLOEPUS HOFFMANNI®

ARISTIDES HERRERT axnp IIOWARD A CHRISTENSEN
Covgrs Memoria! Laharatery, Pangma 5, Repahiic of Posema

Adwdvcd.

A lotal of 498 two-toed sloths, Choeloepus bofmanni, cellected in central Pan

arma was examined for Leislmania Drasifiensis over 3 10-vear period, Tsolations of the parasite

PR

fram 96 (19 3% af the animal: were conbicrmed Toe cullure amd inocelatien of salden hamsters.
Improved culiare technigues developed towared the end of the stady assisted in delermining
agreater prevalence of Lhe disease. Infections were completely crvptic in all animals, and the
paatasite wis dsalated Trom skin, Blowd, Tover, spleen, booe marrow and lung tssues, Sloths
maintained uncder seminateral concditions remained infected up te 23 months, the longest
periad of survival, This edentate, conziclered the principal reservoir bost of L. Seasiliensis in
Panama, showed infection rates trom 0-39.4% in various communities, which appeared Lo
correlate with the parasite prevalence in the indigenous human populations.

Tawvestigations on natural leishmanial infections
among Panamanian forest mammals weoe con-
ductedd by the authors (eom March 1963 10 De-
cember 19740 Three different dermatotropic
species of fedshmania, L bvazifiensis, L. omexi
cang and L. fertigi were found in 03 species of
feral marmals of the orders Edentara, Marsupi-
alia, Primates, Rodentia and Carnivora, Principal
finedings up 1o 197F have been reported inoa pre-
wions puzhlication,’

The two-toed sloth, Claleeps fafmannl, was
first found infected with L. beazélicnsis in Feb-
ruary 19068, Thereafter, this edentate consistently
showed the bighest infection ratle among all the
forest mammals in which natural leishmanial in-
fections were demonstrated. Ecological and ep
demiclagical investigations® shoswed a close rela-
tianship between the seozeaphic dhistribolion aof
brmman ewtaneous leishkmaniasis and the presence
of letshmanial infection in the pwo-tocd sloth, and
wi consider this edentate as the principal reservoir
host of the human disease in the central part of
Panama.

The present paper cdeals with the nadure aned
course of the infection in two-toed sloths,
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MATERIALS AND METHODS

Atolal of 322 O Sofsaan! was pracessed ar
Giorgas Memorial Laboratory (G.M L0 during
cur studies; 458 were collected in differenl local-
ities af the central parl of the Tsthmus, The re-
maitwler (23) coomprised D0 Inboratary-horn spec
troens ancd 14 febmses, Animals were collected by
our gwn Acld perzonnel as well as by local eollec-
tors, The ape of the animals was determined ar-
hitrarily on the basiz of weight, as follows: voung,
up to 1,999 g juvenile, 2,000-3,994 = adult,
4,000 & and over.

Maintenance of slothis in coptivity

We attempred 1o keep the sloths alive a5 long
ax possible in poder te examine them repeatedly,
Draring the first phase of the studies they were
maintained in a4 = 6 meter outdact cage with
bwo sides and half of the roaf fenced with wire
mesh. Carrots, oranges, vaceea, aoed lelloce woere
provvided, and oecasionally frish leaves of Cecvo-
i sppe and mange froit were offered. Beginning
in September 1071, a large enclosure in Fanama
ity was prepared for the sloths. This was an area
af 39 = 01 meters, surrouncded by o high cinder
bleck weall. In addition 1o three larse mango troes
at thiz site, a number of Cecrebia, pliern, and pa-
paya trees woere planted, These trees, and the her
baceous vepetation, provided a seminatural en-
vironment for the slaths,

The enclosure was in the central part of the
cily, far [oom known breeding sites of sand dies,

O four oocasions CTC miniatare light traps were
selowp cluring the night, both at ground level and
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TABLE |
Flagellntes solated in cultiere from 280 of 408 fog-roed
aths, Uholoepus hoffmanni, ie Pasesio

Mo 1953
Hpeies infinted
I hraniliensic G5 090
L. Braziliensis and K, schandinni 304721
L. frapiliensis, B elhanding, amd
T orargeli 3 (ki)
Lo Braziliensis, K, jchondinni, and
T vz 1 {21
L. Brazilienziz and ¥ ranpali 10682
G oacHued i grile T
E. schowdinnt anl T. rangell 24 44,81
I rangell ATl
T'ntal slaths Found infected 20045230

at chifferent heights 10 the trees, to determine the
possihle prezence of sand fles.

Procesaing of the sloths

Following the fissue-biopsy-culture technigue
previously described,” cultures from hearthlood
and skin were made from the sloths oo their ar-
vival at G.M. L. and repeated periedically during
the time the animals survived in captiviey, The
same procedore was performed  on laboratore-
barn ammals. Fresh
micriseopically for Lthe presence of other hematia-
gellates. Thin and thick blood smears were pre-
parecd from animals infected By trypanosomes or

Blam] was also examined

Frdolrypannm schandinni, Samples of skin,
hearthlood, liver, spleen, and bane marrow were
cultured at autopsy. Impression smears were
made from the liver apnd spleen, fixed in methanol
anel stained with Giermnsa.

Fiodation andd cliarvaetevisation of
L. braziliensis

Flagellates tsolated in culture were rautinely in-
acilated intracdecrmally (3—10 % 107 arganisms in
the nose of 3-8 golden bamsters, MWevocricebns
auvitiy, which were maintained under close ah-
servalion as long as possible. £ brasifiesnsic usi-
allv produced & characteristic swelling after 3.4
weeks at the site of inoculation, which contained
the tiszue form (amastigote) of the parasite. Ham-
sters which did nol show any skin alteration for
A months or more were killed and =lan culogres
were made from the nose; such amimals rarely
were found to be infected with L. drazilionsis.

L4y

TarLE &
Sowrces of Leishmanda brasiliensis ivolation i exllyre
Frows e twe-foed slotk, Cholocpus hoffmanni, ie
o

o Na

Tinaue aximtne:d fiesaliae

Hloaorl ENi Q 2.1

Skin A% ah 1E.3
MNoae 484 K1 7.0
{Chin 457 15 1.9
Eirs 467 11 1.4
Ventrzl skin 26 2 1.6
Feet liaf 1 1.2
Lack skin 93 0 0
[ithers & Q 0

Viscera 431 24 12.0
Spleen 4351 4+ 0.2
Liver 450 6 R
Liome marrmw A% 14 57
L 267 1 1.5

Characterization of £, dvaziliensis was macle on
the basis of the infectivity to the zolden bamster
and the course of the infection in this rodent
Criteria usecl in the entification of & schandin
wioin cultere woere its lack of infectivies for the
zalden hamster amd the freguent presence af pro
mastigoies with significant elangation of the pos
lecior ¢ndd, which have been called “long-tailed”
forms, ! Criteria followed to characterize the alber
hemoflagellates izalated in culture have heen de-
sorihed] previowsle?

RESULTS
Trypanosematidas fsolation:

Trypanozomarids frequently occurred as mul-
tiple infections, which camplicated the isolation
bvaziliensis, Table 1
shpws the frequency of l=olation.

The tollowing Trvpancsomaticae were zalated
i culture from 498 wild-caughl Panzmanian two-
taee sloths: 96 (14, 3% L, braziliensis, 147
139.53%0) K. sohondinmi, 95 (19.0%) Trupauoioma
rirmgeli, aodd 1 (0,25 T, cruzi.

argd iclentification of £,

L. braziliensiz fsodntions

L. briasifiensis was oultured from blood, =kin
and viscera of wild-caught twoteed sloths, The
number of cultures made fram each site aned the
results are prezented in Table 2 for the 4498 ani-
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Relptign of leishmanial infection o ege of dlolhs

o %

Yo b wliths enimmened Mo et tafectisd
Letus 12 a (NN
Lalmratars harn 14 0 o
Young a6 L& 286
Juwenile %] 23 23
Adluly 130 37 1A
Tl 124 G I%.4

mals collected, Tsolations of L. deqziliesnsis in cul-
fures from 93 infected sloths showed The Tollowing
patlern af parasite distcibution;

T from
shin ondy, 40 (42191 from viscera enly dncludes
Telowned aarned Bone marrowd aned 23024290 from skin

amd viscera.

Fii3,

Leishmanial Infecirons I relation (o age

Prevalence of £, brozifiensiz among sloths
ergnaped Dy age showed that infection rates were
inversely proportional to the age of the animals
(Table 33 O the nine animals with positive Blood
cultures {Tabkle 23 infection rates of 389, 72,9%
and L.2% were recotded in voung, juveniles and
aduliz, respectivelv. In addition fo the 198 wild-
caugzhi sloths cxamined, 10 fetuses and 14 labo-
ralprv-biorn animals were processed. L. braziiien-
siyowas 1=olated from fowr of the 10 lemales Tram
which the fetuzes were ohtained and three of the
14 mothers of the ilordary-horn animals; all of
the fetuses and newhborn animals were negative
for leishmmanzz=

Duriafion of Infectinng

O the 298 sloths collerted during car invess
gations, BY ol 371 (17.0%0 animals, examined
within & fesw davs after areival at GO L. or up
to 5 months of captivity in the small enclosure,
were positive for leishmaniases (Table 41, The re-
maining 127 sloths were released o the large en
closure arel 12 of 44 (26, 1% of these animals,
which died andfor were examined after less than
I month in captivity, were positive for leishman-
iasis. Ledohwaeio was tsolated from 21 of the aoth-
er #1023 9% animals which sprvived from |23
murths inocaptivity in the large enclosure.

Four sloths bad negative skin cultwres on areiv-
al, glthoush parazites were detected duaring Ltheir
captivity, The infections in 10 sloths were dem-

HERRER AND CHRISTENSEN

wnsbrated anly at autopsy from cultures of the vis.
cera, In five (83 390 of =1 animals which survived
in captivity from 21 to 22 months the inlections
persisted until they died, o were killed, Nine
slothe in which £ brosifiensic was isolabed from
skin samples taken within o few davs of capture
bzcame Leisfmania-free after 110 months of
capdivity taverage 3 months)

Phlebotomine =and flies were absent in all light
teap collection: in the large <loth maintenance
area, thus prechoding transmission subseguent o
captire, Phlebolomines have never been reported
fram this central seclion of Panama City

Search for amastigotes

Smears from 400 blood, 328 viscern and fve
skin lesion samples woere examined far vertebrate
parasite [orms Gamastigetes) of L brasifiensis,
Amaslipoles were Tound only in 14 2mears fraom
visceral organs (particularly the spleent. A few
amastigates were secn in the cvtoplasm of Teuco-
cvies af two voung sloths. [n the other 12 cnzes
amastigotes were very rare, free, and poarly
st

Tmprovesent of el ing techinigues

From 1968 1971 single tissue samples Mrom skin
anclior visceral siles were cultured from each
sloth, Because of the complete absence of any
gross indication of the infection in this edentate,
and the malation of the parasile from rancdom
areas of the skin, the number of samgles for cul-
ture from each site was increased approsimately
three-fold. The Increased tissge sampling resued
in the detection of infections i greater propor-
ton af animals, a5 shown in Table 5.

The occurrence of infection: among =loths in
vations areas of cenlral Panama showed a full
rangi: of endemicity a: demonztrated by the Tol-
lowing prevalence rates: Chilibre and  Chagres
nong of 27 0%, Chorrera four of 61 (.65, F
Agmuscate 38 of 153 240890 and Las Tablitas 19
af 32 {50,250, Mo leishmanial sears or lesions were
abmerved among the inhabitaets of Chilihre, In
1970, 78 ol 174 (42,09 of the people examined
in I Agmjacate bad leishmanial sears nroactive
lestonz.® S of 23 126050 sloths examingd during

the same vear Trom this villue were infected with
Lobrzifivnsis, Tnothe small villaee of Las Tahlitas
the majarity of members of several fanulies vizited
el leishmanial scars ar active lesions. Endem-
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Prevglence of Leishmunia braziliensis ameng 495 fwa-toed slotis collectied In Porgme frome T905 fo 1079

Cemehilivns and
persnls of capzivicy

Semall enclosure 4 = 6 mi sloths examined imrediately or up

b 5 mantiz i caplivity

Large enclosure (59 = 61 mp

al Bloths died andfor were examined afier 1 month in caplivily
b Sloths dlied ancdéor were examined afler =23 months in caprivity

Total

wity of the disense, a5 refected by the prevalence
of L beazifiensis in sloths, ranged from nonen-
wanlic o epteontic and appeared to correlate well
with Lhe prevalence of the disense among the in-
digeneus himan pepulations of These areas.

DISCUESI0N

The crvptic nature of L. feacffiens/s infections
in the two-toed slath, and the occurrence of con-
comitant infeciiens with other bhemollagellates,
complicated determinations of leishmanial infiec-
tion rates in this amimal, Althoush utilization of
the skin-biopsy-culture techmgue® facihitated the
sampling of skin, viscera and blood, the Gagellates
culbured always required careful characterization.
Trtradermal imocelation of promastizotes o0 the
nose of the molden hamsters has proved o he a
telinble technique, since the infectivity and char-
acteristic loval reaction pradeced in the radent by
L.obraziliensay differentiates this parasite from &,
solrgpclinng T

In & recent publication Zeledan et al ¥ deseribed
a new Leisfhsanin species, L Derrerd, isolated
from C. Seffeannd, Bradepus prisews and three
phitebotomine sand Iy species in Costa Rica. Al

rangedi and T ez

Moo slarhe v aleTlie 5oalezka

Tl |osilive pasitive
an o 17.4
46 12 240
&1 ) 3.0
485 el 1.4

thaugh the onew species wae oot inleclive 19 bam-
sters i procluced amastzetes in primary hamster
embrvo tissue cpltures incubated at 53°C, a o
terion wsed by the Costa Rican warlers to differ
entiate the new tason feont Fedotevpans which
coes not procduce amastigote: n lssue culture,
Since Costa Rica and Panama share 2 common
borcler, and L oo was wsoladed from O ol
mwnd, we have imitioated tissue culture and 150
evme studies of all promastipotes i=olated from
sloths which are not infective wo hamsters 10 de-
ternringe whether £ feerrerl gccurs in this country.
ALl af the iselates fram £ boffmanni charae-
terized as L, draziliensis in the present study were
infective to hamsters.
We are not aware of
cental transmission ol L.

amy report: of tranzpla
Drisifiensis among ros-
eryvoirs, Lhe occurcence ol such oo phenomuenon
among Panamanian slothe appears unhikely since
aeven progeny ifour fetuses and three newborna
of infected fermales were Ledslimanio-free, hased
an the tizsue-biopay-culture technicue. Owr data
indicate, however, Lhat e ame al bwo-toed <loths
= an important Gueber in leishrmanzal dnlectons
since the infection rite
mitls than in juveniles

was higher in vouns ani-
and adults (Tahble 3. It

TanlLy 3

Tgroved detection of katiral infeciions of Leishmania brazliensis #n tzoo-toed detns veswdizag from frevegced dsspe

sampgding bn cnltare tecliaigaed

Fehiraary Potd-2ay 1972

June 105 L=Degemler 1974

Sloths

Sl Fuu
processai infected
A liane Zl 3
Apuacake s 20
Chorrers kX! 2
L= Talilitas 16 &
Madden 20 2
Tot LG4 e

Talectivn Fourul Infeczion
rite nrieciserd nferted ale
218 2 4 0.0
2014 35 L& L

Hl Fr -t ) il
5040 16 11 b
10141 [ I
1.5 113 30 -
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appears prolable therefore, Lhat in eodemic arcas
slaths acguire the infection durimg the frst few
months of life and remain infected for long perieds
af time, Although sloths may remain infected for
I vears ar mare, the disappearance of parasites in
some animals nclicates Lhat infoctions may Lo self-
limiting. The posstlnbity that soch animals are
then immune to reinfection meay explain, in part,
the substantially lower infection rates among older
amimals despite their accessibility o phiebotomine
VeCtoTs,

We da not koow whether concomatant infec-
fipns with other hemoflagellates affect the course
of leishmaniaziz in sloths; however, we have =0
lated L. bvaziliensis 17-23 months after capture
froom live animals which had concamitant infec-
tinns with £ sefeudinnd or T rongeli,

The improved cultaring techniques atilized to
molate . frasiliessis from sloths and other syl
vatic animals have shown that the prevalence of
leishmaniasiz in the edentate is substantially
greater than our early studies indicated. This clis-
covery lends additional credenee 1o our theory
that . Faffranas 35 indecd the principal reservoir
host of Lo brasifiensis o Panama, and that the
seven additional indigenous sylvatic animals from
which we have izolated the protosoan ceprosent
ancillary hosts!

The of .

Iaooad, spleen, lver, booe marrow, and lunge $is-
1 =

tsilation Sraziliensis from =kin,
sues of sloths without evidence of pathology te the
amimal indicates a long association between res
ervair and apent which appeats to have evolved
1o a commensal relatianshap.

During the course of our slucies it became ap-
pacrent boous that there was g correlation between

CHRISTENSEM

infection rales among sloths and in villagers, Bec-
cgnalion of the existence of such a correlation may
prove valuable to future envirenmental Dmpact
studies for activities such az road building or dam
construction in remote svlvan areas. Determining
the prevalence of leishmaniasis among sloths in
such areas may provide a potential “infection rate
index" for workman at risk,
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