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SUSCEPTIBILITY OF SAND FLIES (DIPTERA: PSYCHODIDALE) TO
TRYPANOSOMATIDAE FROM TWO-TOED SLOTHS
(EDENTATA: BRADYPODIDAE)

By Howard A. Christensen® and Aristides Herrer®

Hwsraer. Menodiagnoste trials conststed of Io6S Lboratory-
redved sand flies (aizosia sangnana, L gemed, andd D rag-
o an 114 lots boel o T2 07D wo-rgedd Slothes (Clefeefus baffmaren)
Filtv-eight (50,4850 of the slorhs had revpanosantand mfections
as Follows: Ceshogaie drezifiessis, 20 (2T8% 0 M PN R
sefeiedinny, SO0 B4YEL T R rasgett, 15 (200551 and T
ez, DA%, s determined by the Tnopsyceiure techniguee
Mirnetee s aniimiads 20015 i muoltiple inbections, Seven (775
af WL L sanguimar, which Bed on 7 oanamals mieced with Le
drazitivrs, acguired the parasite. A tetal of 18T (511751 of 601
sand flies of § speces developed Bagelltes alter Feeding on 21
animals infected with £ schawdinad, Ondv DF of 292 Hies de-
veloped parasices after feeding on 3 sloths witle Torangrel,

A biopsv-culture techmigue was developed by
Herrer et al, (196601 for the detecton of Lesfenana
and other Trypanosomatidae in natural reservoir
hosts. Its effectveness has been borne out by the
targe number of lsolations of leshmantae from syl-
vatlc animals i Panama since 1966 {(Herrer e al
1979, Especially productive have been the cal-
tures of skin samples from the hairless areas of the
Two-toed Sloth, i’.'r'i.w'm*..f'm.a' hoffmanni, the primeipal
reservenr host of Lo Srazthensts o Panama (Herrer
et al, 1973} infections are completely crvpric in
thias anvenal,

As an adjunce ro the biopsyv-culiore techogue,
we bed @ total ol 1665 laboratoryv-reared sand flies
ol 3 species in 114 lots on 72 newly captured sloths.
[he present report details the results of these xe-
nodiagnostic feedings and their comparisen with
the bopsy-culture wehnigue,

MATERIALS AND METIHODS

Phiebotomine rearing methods developed by
Hertig & Johnsen (1961 were ased o this study,
Lutzomin serguinerie, L, gomezi and L. trapida,
reared 1'::1111';:].:-'}}-' at our liboratory, were scieoted
for xenodiagnestic feeding trials because they are
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regarded as potential vectors of Le drgzifivuss In
Pananu {(Christensen & Herrer 19750 The wech-
nigue of teeding liboratorv-reared sand Hies on
sloths was reporied proviously (Christensen &
Herrer 1972,

The biopsv-culture method was used for soreen
ing and identifving trypanosomatid infections in
the anitimals shortly atter eaprure. Culiares of skin
biopsies were made routnely Tram all bare areas
of the body meluwding forchead, nose, chin, cars
and Peer; heart blood also was culturecd ar this time,
All specimens were caltured in modilied Senckpe's
medinm For hemollagellates {Herrer et al. 14966)
at 22-24 70 Negatve cultures were maintamed for
HModays belore they were discarded, Presh blood
wits examned mcroscomcally for mraervihrooyuce
Formns of Erdotrvfanim schaudinnt and the motiliny
of other hemoflagellates present, Blood films were
fixed in methanol and stamed with Giemsa. An-
terpsies were conducted at the ume of deach or sae-
rifice of each animal, and samples of liver, spleen,
langs, bone marrew and blood were cultured rou-
rinely,

The presence of muraervthrocovue Hagellawes was
diagnostic For K. sehaudinnd. A pure culture of pro-
mastigote Hagellates morpholegeally resembling
those ol £, sehaudinnl and not infective to hamsters
wits also diagnostie for thus parasie. Promasugones
solated 1n culture which lJ'I'()f_ill(_‘t‘.(l characterstic
lesions i hamsters, from which amastugotes were
observed in smears, were wlentihed as Le braziien-
s, Cultures contalning cpimasugotes or irypo-
mastigates were inoculated intracoelomically into
clean Rhodnies pallescens. The subsequent trans-
mission of parasites by the hite of these bugs (o
guinet g, s determined by blood smears andd
reisolation, was diagnostic for Trypanasome rangeli.
Trypernosoma oruzt was wlemihied by the character-
sie morpholoosy of its trvpomastigote stage and s
infectivity for white mice. Epimasugote Hagellates
laolated, n ocwdture, were moculated subontane-
ously e white mice. The blood and viscera of all
tice were cultured for the presence of parasites.
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uural dectons cemonstirated by the baopsv-onbiare
Lechoigue.

REALULTS

A total of B8 (OGS of T2 00 heffmanni had
single or mualtiple tevpanesemand dections as Tol-
lovws: Le. fazifiensis, 200 (27 8% FL sohaudinni, 39
(54.2% 0 1 rangel, 15 (200890 T eruezs, 1 (1A%
Muluple infections of up 1o 3 orvpanosomaticl
species oocureec in L 20,4% ) of the animals,

Leashmanta frazelivnss, O the 720 boffn
usered i this investigation, 7 (9.7%) had pure intec-
tions ol Leo Srasdienss, as determined by biopesy-
culture technigque. A otal of 91 boratory-reared
Foatzowivie sorwgrainacia Ted onothese animals [Dasee
Ly 7 07.9% 0 of the fles were mfected. AN S L.
sihgrerie positive Tor Le gl alter feeding
ot sloth noo 2844 were dissected 4 cavs after the
Blood meal, The hindgut wias oot seen i 3 ol these
flies. Hematin residne was present in the midgn
ol all Mies; modle uoaached prommastigotes were
observed withie the blood meeal bohis of the mid-
gut in b of the insects, Motle, anached aned frec
Forms were seen in rhe pvlorus (hind rriangle) and
intestine of the dth specimen. The single positive
Hy which Bedd omosloth ne 5217 was dissected 6
davs later, The amener porton of the peloras con-
Gittreed o soliel mass of attached, ovold, nonmaotile
Hagellates, The posterior aspect of the pyloras con-
tatned wany maetile free aned attached elongated
Forms, The cardie, miadeut, intesune and rectal an.
pulla showed lesser munbers of monle unattachedd
elongated Hugelloes, The 1 mflecied By which fed
on sloth no. 32971 was dissected 7 davs later, No
trace ol Blocd remained, o a moderate moonber
of totile Hagellates were seen attached to the walls
of the mudgot aned mestne.

The biopsv-culture technique isolated onlv £,
sehpasielivend Trom sloths shown o Tasre 20 However,
Nagellates acquired by oo single Lodmomvie gonezi
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F Mrennastigone Hagellates obogined in colture from | G-
vi grentezi were oculired e hamsters and identified as

st Eeeniliessia

Proamm 1 oanimal proved mfective 1o hamsters and
woere subsequently identiliod as Lo brazilensis,

I:'.'éa'rj.":j'l.r}{mr.'J.'.' srdieniiedin i, Twenty-one {(29.29)
T2 slorbs stuchied huel sinele infecrions of &
sefeeriedhinne, by opsv-culiure, OF 60T sunel flies of
4 species fed on these animals, 187 acquired the
parisite [Tasee 23, an infection rate i 31, 1%, One
lamelred aned Towur (22450 of 465 L. AR EETH e
developed mbecnons, as apposed o 71 (65,175 of
108 L, pomezi, Twelve (44450 of 27 Lu. teapidoi
became infected. The growth paterns of £ sehau-
divad i L sanguingrig and Lue gomez: did noe dif-
fer sigoihicanaly. Dissections of 136 mfected flies of
hath species 1-11 davs alter leeding showed the
Tollowmg parvasite distrilantion: cardia, 14%: mid-
gur, 52%: pvlorus, 63% ; Malpaghian tubules, 19%:
bandgur, 60% ; and recial ampuolla, 299% (Christen-
sen & Herrer 10706

Lhe entive imtestingl tract of 9 L. dragddod was
observed -7 davs abier Feeding: all had I-n_'.'u'_\ [y -
lorus mbections, Seven of the Hies also had ol -
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Tapre 10 Negatve sewodiagrosic rials an Dwo-toed Sloths,
Chaloeion foffmaad, infected with undetcrmined Bagel-
lares.
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erate hindgu infecions, 2 of which extended o
the rectal ampulla, Promastizote Hagellates were
observed o the mdpuwt of 3 speamens. Small

clumps o hematin were present in the midgut of

A ferales.

Trypanosoma vangels,  Eight (11 1% ) of the 72 €0
fgffmanni had pure infections of T rangeli, Three
(LB of 2749 Ly, sangranaria fed on these animals
became infected. The positive flies were examined
al 3. 4 and 6 days abrer feedig. The entive midgur
and intestine of the fly dissected 3 <ayvs postpran-
dially contained bhematin residue which obscured
critical observation, although about 12 motle epi-
mastigotes were seen o the residunm and in the
saline dissecting medium, The sand By dissected
4 davs ]:.n.l;l]n';l{utinlly had unartached motile {la-
gellates in the blood meal bolus of the madgur and
the cardia. No blood remnants were noted in the
sand Hy dissected 6 days after [eeding. Four maorile

trnel ke lieod H;agcl];tlm wete seen i the midgun of

1this insect.

Muditple triponssomatid (nfections, Positive xeno-
diagnoses were vecorded froan 15 of the 17 slachs
i Dasre 3} Acquisition rates by the [hies ranged
fronn 0o 645, with the depree of alimentary tracr
involvement as follows: cardia, 22% . midgur, 62%;
priorus, ¥4%; hindgut, 52%; and recial ampulla,
HH

Unidentified  frypunosomatils, Other trvpanoso-
maticds, exclusively or in combination with £ schau
dinut infections, i 4 sloths faled 1o develop in 15
sateed flies fed om the infected animals {TasLe 4.

Crale Db 3%0 of 357 sand flies which ted on 14
0 hoffmanni, classified as trvpanosomaticd-lree by
the biopsy-culture wechmgue, developed f[elgf:l.-
Lite infection. The parasite was not identificd.
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Jobmson & FHertige (19700 were the Tirst wo use
lboratory-reared sand ies i an aempt 1o solate
Leishoernin From svlvatic reservoir hosts, In 7 tals,
317 Lu senguinerie were fed on 4 Panamanian
Woolly (_'J'[m.‘.ssulns, Caliramys derbinnuy, Nineteen
(6.0%) of the flies developed flagellate infections
i the gut. [n another xenodiagnostic tral by the
same workers, 1ol 20 Lu gomezi and 1 of B4 L
sngrinare which fed on u.]{'mku_j;uu: Potos flavus,
were positive for Hagellies, The dentification of
the irypanesomatiels from these animals was not
ascertained,

In the present study, 7 (7.7%) of 91 laboratory-
reared L SEENLTTLE A T }I(_'[]i]it'[:‘fi fe. ."u:.::.:';'.-'r.r_r_{u
fronn 3 of 7 infected sloths, L sengariara 15 1ol
Foapecies regarded as potential vecrors of e bra
ziftensia in Panama (Christensen & lerver 1975,
An inlecton rate of about 85 for a potential vector
after teeding on a principal reservoir host seems
vather low, However, it should be noted that the
parasite is not aequired from the croulatory sy
tem, as are mest arthropod-borne disease ugaru[n‘,
bt Erom Temineel areas of mdected dermis. Phle-
Biotomanes s ruphire a consiclerable number of
host capillaries o form a hemorchagic pool 1o
Feesel, Mot rdividuals are nnsuccesstul in their ini-
tial attempts o ingest blood and randomly probe
several arcas on the face of a slach belore LT
ing to repleton. Such activity results in the inges-
tion of more dermal nssue elements and increases
the opportunity fer acguisition of leishimanial

antstigores (Christensen & Herrer 19720,
Nolemales of Lu gowes weve available tor cam-

patnion-lot feedings with L. sengwivaria oo the
sloths with pure Leishmania infections. Johnson &
Hevig (1970 Fennd higher averall inlection rales
L gawmezt that in Lu sangrinarie, H5% vs 429
respectively, which led on hamsters experimental-
Iy infected with several strains of Leshmanio

The fact that Fa gemezi acquired Leshmania un-
detected by the nepsv-culiure technique does not
detract from the usefulness of this wechoigue.
Rather, it points out the advantage of using xe-
nodingnosis as a supportive screening method, and
demonsirates the competence of this sand v vee-
oy species inacquiring the parasite from a naro-
vally infected reservoir.

£ schoudinn was the most prevalent slath tey-
panosomaticl, ocourring in 49 (54029 of the 72 an-
imals, L gomess appeared 1o be aboul 3 1mes
more cfficient as a potential vector than Lu. san-



] Christensen & Herres:
gumarie, with infection vates of 63.1% and 5245,
respectively, The high incidence of 1this parasite m
O heffmara, and the relative ease with which phle-
Bolomines acquire the agent from infected animals
dlustrate the potemaad ereor of equating sand {1y
bt'w11'¢15[]g01£3.\' with Leishmania Leshmeania and En-
A e [l;ujf_-il-uua- are indistingnshable in the
Also, the "posterior
station” growth patterns ol Le brasbiensis and E,

lnwwurml tract of sand Fies,

sehatidinni n L sorgranarie and Lao gomezs are
very sitntlar (Chnistensen & Herrer 1976

The majority of multiple imtectons i sleths was
due to Le frediensay ancd B sofiaudinre, Since the
mfection rares of sand flies from sleihs wilh F,
schueinend (18T ol BOT or 311451 was approximate-
Iy A-fold greater than rom animals with Le. fro-
seliensiv (7 ol 91 or 7.7%), it s probable that the
former parasite made up mest ol the positive xe-
nodiagnoses from animals with both parasites; trit-
wrabes of sanc fies chat fod on these animals were

el tnoculated into hamsters for confirmation of
br is Likely that muluple infections of

Fetshmario.
Endotrypaorin andd Leidomania developed m some
of the flies.
[he 31.1%
sloths with £
LO% inlection rate in the Hies fed on animals witks
T. rangeli. Addinonally, the ccourrence ol T, ran-
gele (03, Sousa, pers. commun.) i certain phlebo-
tomine-free Pamamaman localives (unpubl, daa)
rules oul the possibility that sand Hies play a sig-
aificant role e the transnussion of this oypano-

infection rate of sand Hies fod oo

sefiridinnt 15 sharp contrast o the

S0,

Our xenadiagnestic trials were dependent upon
the use of laboratory-reared sand [lies, since as
nany as 16.5% of Panamanin wild-caughy fe-
muiles have boeen reported o be infected with pro-
mastigate Hagellates (Jehoson oo al 1962), Difh-
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culties cocountered mothe rearing of Leizowv
species have been obwviows o all whe have anempm-
e o colone them, The sand y senodiagnostic
technigue, when used as a screening procedure for
wolatng Lesshmawa from mataral reservoirs, is less
ethicient, more expensive and tme-consummg
than the biopsyv-culture method, However, as an
adjunct to the Liter method and as an epademio-
logical nvesugative wool, it may provide valuable
data on vector-reservoir-agent dvnamics. It is a
method Tor determimng and comparing parasie
acouisition rates by vectors Froom natural reser-
volrs, and the subsequent developmental patterns
of Leishmnma within the mesonal tract of the sand
lies, Such data, when used o supplement basic
erolagical mformation on Lesfmana vectovs and
reservolrs, e requisites o comprehensive vector
compeience evaluation.
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