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apsrnacT: One Panamsniu specivs o sandily, Phiebotomus vespertilionds, usually associated with
libe, Bas o bigh overall vate of infection (67.9% ) with a tryponosome,  DBoth crithidial and tevpanasemal
fermres ure Eoonud in the micl- andd hjl.]l’.]ﬁill Bt rod in 1l fn:_lrl,'jguL 0 _|'|'|r:-l:‘.]'||‘|:I]'|:~'. In the tJiL}(lglll e
v he birze oumbers of the dominant erithidial forms attached o the epithelione. Tt bas not Taeen
determined whether or not the sandfly irvpanosome B the same as that ccouring in associaked bats,
Trypanssomes were also found in another speeies, P tinidadensiz, bat st a much lower mbe {3.5% ]
Oveasional infections of the hemocasl with gregerines, fungi. and nematodes bave been neted inoa
mmber of species,

IMuring an extensive sorics ol dissections of  Trypanosomes
wild-esnehl Panamanian Phlelbotomes with the Little is knewn of the role plaved by various
primary objectivie of determining the extent species of Phlehotomus in the transmission of
and kind of leptomonad flagellate inlections  trvpanosomes to their vertebrale hosts. Lewis
i guts of wild sandflies, a variety of other and Minter (19607 mentioned the presence of
organisms was cncountered, e leptomenad Irypancsomes in the erithidial stage in the
flagellate ivfections have been discussed by pectum of females of African Pllehotomus
Johnsen, MeConnell, and Hertig (1963}, The  (Sergentompin) garnhami Heisch et al, Whether
purpose of the present paper is Lo give our he flagellates ehserved in garnfiami were obe
abservations om the other organisms found in pined from the blood of a vertebrate Tost and

and on wild sandflies of our serics. are: thus members of the genus Tegpanosomea 15
Other investigators have Tound o number of  gpknoan,
crganisms aside from leptomonad  fagellates Adler and Theodor (19350 demonstrated

associated with Plhlebotomus, inclading mites,  that sandflice can transmit Prypanosoma plat-
fungi, tapeworm larvae, nematodes, gregarines,  pedaetyli to the gecko Tarantola mauretanico,
and  trypanosomal and  crithidinl  flagellates probably by being ingested by the lizard, al-
i i - s h el A3 5 . ) - 2 . P -

{among others, Adler and Mayrink, 1961; 1ler- though bite lransmission was not ruled oot
rer, 1942; Lewis and Minter, 1960: Shortt and  Infections with T. platgdactyli developed
Swammath, 1927, Subramandam aod Naidu, 40 of 43 Phlebotomus perroii Adler and Theo.
L9441, To our series we Found all except tape-  dor fed on oan infected gecko. The flagellates
wort larvae. OF special interest wre the tryp- gdepled an anterior pesition i the cardia and
anosome ofections and the bulk ol our dis- had progressed forward into the esophagus

enssion will deal with these, within 3 ar 4 davs, but i the 9-day observa

o — ten period none were seen in the monthparts,
Received for publication 5 Feboary 1864, Flagellates were never seen in the leindlgut.

¢ The work here reported was supported in parl In Pern two or more species of Phyllofis, o

b a research grant £E-12317 fram the National  cricetid vadent, are aften Fonmel inlected with
Institute of -’"n“'-'l'f;}"! and ;'1“‘:]”;"3"5 Di-“ll'jlhr?"- Trypanosoma phygllotis Herrer, Herrer (19425
1 RIPHS, Parti; st ubilicali s ; o - ik
MIH, UsPHS. Par il cost o ]ZI1ZIILL'I.|.I.I.:-!:I.':] this  omd that females of Phlshbotomus noguchii
paper was met by Gorgas Memorial Tnstitute of 7 ] : 3 : .
Trepical and Preventive Medicine, Ine Shannon, which often inhabit the burrows ol

 Prosenl addross: 1. 8. Naval Research Unit these mice, had an extremely high flagellate
s 44 R - - X S <L ot . . i r
No. &, Cairo, Egwvpl, infection rate. As many as 80% of wild-caught
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lemales taken From burrows of infected Phyl-
fotis ame still containing parts of a blocd meal
were infected, and this species conld he readily
imfeeted in the labordory by feeding on in-
fected Pligllotis, In both vaturallv and experi-
mentally infected  sandflics the  ovpanosome
wig ulwavs i the crithidial stage, and by the
Ath or Sth day extremely heavy infections were
Fonmeed in beth the stomach and cavdia, Flagel
lates at thnes extended into the pharvns and
the
mouthparts, Crithidize were expelled with the
feces, and by the time all evidence ol the
Blosd  meal had  digappearcd we o flagellates
remained in the put,

In Fanama we have found females of tao
Plilehatomuns species infected with flapellabes
of the genus Trypanosome. Bath erithidial and
brvpanosorul stoges aere founed in the sat ol
mfected nsects, Inoa larse number of infec-
tions Flagellates were present in the blood meal.
No infected males were found. In one instance
43 of 44 female P vesperfilionts Fairchild and
Heorig were infeeted bul none of 45 males
of this species taken ot the seme fime aod
place harbored any bype of flagellate

Seven of 215 (3.3%) fewnale frinidadensis
Newsk dissected were infected with brvpano-
ST,

buceal cavity, bul oever weore scen
b

Passibly some of the mfections were
actpuired from lzards which we kuow serve as
ane soucee ol bload meals Tor trinidadensis,
Hewvewver, tnoome of the seven infected Females
flilgﬂ']]atﬂb LR S :I:I::I'l,]'ll{:l |-I| il {l'(:.‘i]’] .I'_'lll:H:ll:!. ]‘l‘"':l]
[rom o mamanal, ie., the red cells were non-
ncleated.

SMost of o brvpanosome  infections  were
in P ovespertitionds. A closely related species,
sovespertilionis F.oand H., cannot be separated
in the female, and i is possible this species is
also infected, However, males of fsovesper-
tifionis were taken o association with infecled
Females very rarelv and only in one Jocality,
and for the sake of convenience we shall refer
b all infocted fomales as sesperfilionis,

Our sevies of callections of  sespertilionis
sarne fram hollow it:g."' aned trecs on the Pacilic
:iid{' -:,,'-f thq_' Ist‘hznu.ﬁ;, u:lc,[ 'Fl1_)]|1 b EJ:LtI.‘L':‘.SSﬂS,
hollow trees, and rock caves in the Condingndal
Divide area. Evervwhere vespertilionis was
lownd, infected individuals were taken, The
cverall infection rate was high, with 67.0%,

AUGUST 1544

or 747 of 1,101 females dissected, infected
swilh trypanosomes,

Although we have no defioite information
on Teeding preferences of wvespertilionis, this
species 5 always found o places inhabited Ty
bats, Since all of 24 Females whose frosh Dlood
rrncsels were smeared and stained contained anly
nennueleated  erviliroevtes, the sources of its
Blood meals must e mainly mamioalian, Fifly
of 144 lf:i'.ql??.:l fermale L:-:h-.‘.t]r:r.'fl'r'n;]r.:r'.\‘ el Jesert e
at varteus Hmes from a bollow tree inhabited
|:}}" Sl.""-'“‘f;tl. g&‘:l‘li:r.‘! Ul.. ]J.!t% W En:}l.lrll.l [[li-ﬂi_'l.l"'l:l.
with trypanosomes,  We cuptured  eight bats
of the senus Carollie from the same bree and
Five of the
cight hats were positive for trepanosomes by
culture of the heart bleod,

Ovey a period of o vear weeklv collections
ol vesting Phlehatomus were made in oong o
maore of geveral small rock caves near Quebrada
Baonita in the Continental Divide area. The
majority ol [emale sandiliss taken were zes-
perbifionds. Bats wore abwavs prosonl in cech
cave aned Carallin perspicillpte was the most
comrmon bat species. O, pesspicillets was the

Bled themn by ocardize puncture.

anely mummal taken from cove noe & which
had the highest percentape of infected fernale
vespertifionds (B2, In eave no, 6 all bt
one of 3200 Female sandflies cuptured  were
cesperiifionis. The remaimning female was a
frinicladensls infected with trypanosomes,
Within the sandllv the [agellates are Found
inn Bl mibed- aned  hinedgiel bot never in the
foreput or monthparts. A v with an infeeted
.I'}!UI:";] 'Itll'_"'lll IEIU:.' .'!l!‘i('l .l':lii.\."(,: H ]'IE::!\":N" :i'I:IFI:"'(:‘“I.J]I. I-I:I
th ]'1:'1Jdg|_1lx prnb;ah;}-‘ the result of o e
}}i(_.'ll'_'ld ]I'H_"l'l]. F'.]llgﬁ_‘:”{ttrh .I'Iq'i\r'{: TLCW T ]'HH:'I'I (:IE_:I-
served in the midgut i the liguid phase of the
blood meal which may appear outside the
E‘Jq:]'ilrnp]‘:i:- membrane, and we assome  that
tlu: r1|¢.1|1hr;a|w} while still intazel, also provends
passape of the flagellates to the hindguo.
Verv large round leptomonad forms are oo
casionallv seen o the blood meal doring the
fivst 2 days [ollowing the infective feed, but
large crithidial Torms averaging 219 o o
](:[IH!]‘:I FE H]'l-"-':.l._'l_r'ﬁ 1|‘H:‘ (l(?[l‘!ill:l[” F(]I'JTIH. i‘;]l];i”f;"]’
trepanosormal formns with an average length
of 114 0 are present but relatively rare, Free
motile trvpanosomal and erithidial lorms ane
common in the midgat aftee all signs of the
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Blood meal disappear. Rarely, tevpanosomal
and ervithidial Torms may be found i the
Malpighian tubules.

In the hindgat crithicdiae are dominant also.
The hind triangle (the part of the hindgat just
posterior to the midaut which is tiangelar in
optical section) often has only roond, non-
malile erithicdine Iining the walls. The flagel-
huin of this tvpe is alwave short, snd o Giemsa-
stadned smcars the Free portion ol the Hagellum
iy appear merely as a bleb of pink-steining
J'Ea'lj_f,t'”ﬂ:' material al the anterior end of the
boly phis g well-formed andulating wmembrane
and accompanving Hagellom joining the Lilob
tor the kinetoplast, A varving distances helow
the hind trisngle a thick or thin bell of longer
anel thimaer Bat also almost aflagellar crithidiae
wveraging 105 .o length may be palisaded
o the walls so thickly that they ceclude the
luoeen (Fig, 310 In the rectal amplla sime-
Tar reldively thin crithidine asually cover the
rectal slands (Figs. 1, 27, Infected flies may
Lk attached flagellates in any one or two of
the three tvpical places of witachment, fe., the
hivgd trinngle, hindput proper, or the rectal
glamc]s. In infections we HE TR INTER I A e el
vanoed, erithidiae i the hind  triangle are
motile and oval or rather thin.  Also i -
vanced infections the lnmen of the entive hind-
aul, though especially in the less ocelided
hind triangle and rectal ampalla, mae be flled
with cxtremely matile, very small, wsually C-
shaped to round, trypanosomal forms averag.
in dimeter or length, Cloweds of
these small brvpanosomes are often released
inte the salime dissecting solution by contrae-
tiems of Lhe hindgut abter or during the process
of withdrawing the put [rom the abadomnen of
the flv.

ldentity af the Fagellates found in P oces-
pirtdionds remaing to be o estublished,  The
L P osoimnes al hoth the sundflies ad the
Five inlected Carallia are probably not Trgp-
angsotea cespedtilionis {Dattaglia), Zeleddn
andl Victa [1N57) experienced no difliculty in

ing V.2 p

culturing  snd subculburing T cespertilionis

recovered  from the heart Dlood  of infected
Closvopheaza sovicing. These authors also Founed
tevpanosomnes in a blood smear from one of
Dr. Zeleddn has

informed us that thev did not atlempt 1o

five Carellia perspicillato.

culture the Carellis tevpanosome. They as-

L
=51
LA

sumeh i Lo T thie suange ms the one from oy
sophaae o the basis of morphology, negative
xenodiagoosis, [ailore to infeel iboratory ani-
mals, and the fact that all the bats came from
the same place. We were anable to estalilislh
subcullores fromn auy of oar Carellie strains
using Senekjie’s modilication of NNMN medion,
although some multiplication teok place in the
arigial  tulwes,
limited suceess inculturing the flagellates [rom
over 100 dnfected P vespertilionis guts. I

J'“.].‘iﬂ.. L |‘I:I"’-'{! h;’.‘i] .‘il:"-.'l:'TI'_':.l:-.'

addition to Seockjie’s medinn we used neo-
peptone—hlood—agar as fornulated by Wallaeo
and Clark {1959} el differing overlay saln
tons of Locke’s rich in sucrose or
Swrvival of trvpanosomes o collore was o
taimed seversl times but multiplieation did o
take place and subenlbiores were unsuccessfil

The merphology of T vesperfilionis and the
Pungmanian Flagellates Tfvom sandlTics may also
differ. T, vespertilionis trvpunosomes i blood
smenrs average 180 o in length, owrs average
114 g Trypancsomes in Giemnsa-stained smears
of Blowd meals from Phlebatomus vespertiliveis
had the nuclens slightly posterior to the mid-
edlee.

trehalose

e comtrast, Trypanesormea cospectilions
in & blood {ilo from infected Clossopliaza had
the nucleus slightly anterior to the middle
(Zeledon and Vieto, 1955).

Experiments o determine the relationship
af the sandfly Trypamosomea 1o thatl of Carollin
must wwnit the solution of our diffienlties in
culturing the flagellates and in persuading lal
oralory-reared Foosesperfilionis to take o Dlood
meal from sy souree. To date, seven unsoe
cesshil attempts Bave Boeen made 1o feed lab-
oridory-roared  cesperfifioeis on bats [ Caollia
perspivillata, Cormura brevivosteis, and Prerog
ferygx Rappleci). Three attempts to feed this
sandfly on a guinea pig, an opossum {Philone-
derd, aned oospiny b {Procchimygs) were alio
|||'I!1||I'_"|'_‘l_""‘;i.‘jF|:|].

Pildehotormns vesperiilionis, 4 volved  in
transmitting trvpanosomes to o verteleste hoss,
does net do so h}' bite sinee auterior infections
are nol Tonmd, The presence of small trepano-
sonnes i the hindgut which may be expelled
Frovn the gt in droplets of Hogudd leads us to
speculate that these trvpanosomes mav e
metacvelic forms which could cause infection
in a vertehrale host by contuminating super
ticial skin lesicos or the bite wound,
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Frevmes 16, Miemorganisms o Pansmanian saodflies, 1 Rectal glands covered withe erithidi-
lorm Elugellates. The glands are in sito within the rectal ampulla of the hindgut. P cespetilionis,
Female, 5 240, 2, Reckal glands as above, dissected ot of the ampilla, Note the loose flagellates 1o
the left in the disseeting medinm, P cespertifianiy, Temale, 3 240, 3, Palisaded ceithidiform flegellates
lining the hindwat, P cespertilionis, Feroale, 0 40 4 Protecoa, presamably sremarines, attached to
the esterior surbeee of the midgat, This individual also had free adult gregaines in the bemocae],
P trapided, female, % 240, 3. Adult gregarine from the hemocael, The pale nuclews 35 visible near
e center of the organism. The conical extension o the sight side i cepable of limited expansion
amel conteaction, T. cemposi, male, 3¢ 2400 6.0 Hyphae of 2 funges Foond in the bemocsel. P sen-
piringring, female, 20 240,

Gregarines anel HLo4€, shoononi Dvar 13, fragidod 17 aod

Acephaline gregarimes of ane or more species 1L 29 trinidadensiy 19 ylephiletor F.oand H.
were Fonmdd i the hemocoel of ten species of - 39, It i apparent that gregarines are not
sundflics:  campesi Rodr, 23 eruefefus Cor common  parasites of  Panamuanian sandflies
| 9, romesi Nite. 33 3¢, hartmanni F.oand H. since only 18 of more than 8,000 females
29, panemensis Shanmon 19, senguingrivs ¥, disseeted were found infeeted. The gregarines
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Tawne L Fingis infes
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i in Phlehotorons species,

Sumcdily spreics

Tesbing feamales

Tiiting Fernales

Mo i, Nav s Foer cont pins. Ner. aliss, Mar, pesc Poor cvnt oo,
R 17 [ 11.5 - -
mranei 2y l A7 i il 14
e it I 3 Hidih 7 1] 3]
praraensle 24 4} [¥] G2 £ [
ST b i 4] |2k (5 LE
sl fill 4 Tno 24 1 i
reiidwedenais 213 R 4.7 - -
vompertilion s 141 Ay 20,0 -
verillirins 1 1 Likik 4 n U}

| Is ] AR 1] i}
LN 203 (] 4255 1 [

are apparcotly well tolerated by sandflics,
Filtven of the 18 inlected fomales were -
tured when attempting o take o blood riczl,
an indication of normal plysiology,  Labora-
tovy-reared  Tlies
infectod,

Usually infeclions consisted of ane to ten
single adielts, wlihonzh  oceasional  infections
were heavier and ineloded matore gametaeysls,
Adult individoals in some infections Tad o
conical projection on one side (Fig, 53 A
similar projection was noted by Adler and
Mayrink (19617 o sooe adults of Monoeystis
chugasl. These authors postulated it might Le
an organelle of attachmenl. Monocystis chagasi
ischarges its oocysls into the lumen of the
accessory glunds of the ovary of its normal
host, Philebotomas longipafpis Lute and Neiva,
Alerted by Adler to the possibility that pameto-
evsts of our gregarine species might be al-
tached 1o the accessorv glands, we made o
careful search of the g]:uld.-c of hoth _r_;rn.*g;u-jn.:--
infected and noninfeeted Panamanian Fenale
sancdllice during our dissection serics,  Never
were pametocysls o their remaining eoply
envelopes found attached o the glands nor
weere oocysts seen within the gland  luooen.
However, al thnes what appeared 1o be greg-
arines were found attached to the outer sur-
Face of the midgut [(Fizo 47 and these are
probably o stape i the lile history of the
gregarine,  Such allached  organisms
somnetinnes bot ool alwavs Fovnsd o assaciation
with free adult gregarines in the hemocoel.
The life of the Panmwnanian gregarines may be
similar Ao that of Monecysfis mockien, which
probably inelndes o phase in the ool of its
host, Phishaotomus wrgentipes Ann. and Bron,
fshortt and Swaminath, 1527,

Ell_l"-'ll" nes'er |]{!l.‘| I }‘( J:Irl(,l.

WL

Fungus

The myeelia of hingi oceurred in individuals
of ten sandllv specics: composi 7,
22, neallesi Ortiz 2 7, JrdtieriengiE 2 Y | ea-
frinicladensin

e i

guingrins 22, ghonnoni 7%

;
29 vespertiliondy 4 & and 29, pewillarine
Fooamd B2 %, ylephileior 29, The mor-

phology ol the hvphae was similae o all
intections (g, 61, In both sexes the [ungus
was almnst always associated with the gonads
and in heavy infections the mveelivm extencded
throughaut the hemocoel. Three atlempts to
culture the fungus  (onee from vespertilionis,
bacice: From shaennend) on both Saboorand's
medinm and on blosd  agar were withonl
SRS,

Table T Mustrates the probability that -
gus may have a detrimental effect on some
host specics. Inomost speecies Bl proportion
of fungus inlections was higher in resting than
in biting foemales. We agsume the fungus may
disturh the normal physiology in some way so
as o prevent the Female from secking o blood
meal. The difference was cspecially marked
in ylephileter which had 4.29% of 439 resting
females infected with funges while none of
A3% Females taken while biting  had fungus,
In the ease of cespertilionis 35% of the Tungus-
infected females also hud flagellate infoctions,
This incicated at at least that nomber L
fed and tlhus lad not been adversely alleetod
b the presence of the Fangus or its clegrree of
development ut the time of feeding, Sis of
T2 (8.4%) vespertilionis males were alsn in
focted with fingus,

miscellaneous
[nfeclions consisting of a single rather lirgz
nematode of undetermined family were Foomel
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sheee times s the hemococls of Temale san-
gninariuy, vespertifionis, and panareensis. Lar-
val nematodes and eggs of a species probably
related o the geons Tylenchinema,  Tamily
Allntonematidae, were fond in the hemoeoc]
of bBoth wale and lemale vespertilionis (1 of
72 males aned 2 of 1,101 females). The nfec-
tienis were extremely heavy and the abdomens
the inlected  flics clistended
worms. Mine light infections of | 1o 20 Jarval
nematodes alss oceurred in cespertilionis Le-
males. Fight were i fenales which had had
a blood meal, judging From coneoarrent fnfec-
fioms with flagellates. These nematodes may
e the sume as the Tlencline ma-tvpe worms
or possibly are larval Filariids obtained from
the hest EBlood meal.

Aites have been found attached to the exa-
skeleton of three species of sandtlies, Individ-
nals of the fumnily Stigmacidae were attached
by their mouthparts on the thoras and abdo-
men of several gomest aud P pins Fooand 1,
These mites are of andeseribed species of the
genus Ledermuelleria, A dewtonymph of the
farnily Uropodicdae wis taken from o I, aclydif-
It was attached to the thoras
bv the anal peduncle.

We oare indebted o Dre. 10
Uiniversity of Calilornia at Davis, Tor the iden-
lilieation of the miles.

ﬂ‘r WOITLE "\.'\L'Zill'l
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