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Cultares were made from wild-caught Phlebotomps sandics Tound o be natueally

indected with  leplomomnadl
infected sandiics (404 of those cultured)

Hamsters wiere wilh
compezrihle with those fellowing

incculated

Letshmaniy brazifiensis, s ot
Cullures of the zandly slrexins

Magellates. Pure

cxhibited Lvpieal leptomo
wsnally contained :come ereatly clongated forms. The =andfly fagellates ha

cullures were obluned  from 29 of 212

132 of these strains. Twe strains produced  Jesions
incrculaLion

of vuliures of local human sirain: o

med  morpholegy but alasn
nnt

e

Vi

been  identified znd their source = ounknown, but o oavailable evidence indicates  hat

these imfections wre acquired through o bloed meal freom a2 mammalian host

I the course of studies on the transmission
problem of cutaneous leishmandaszis in Pan-
ama. many  wild-caught  Phlebotomns sand-
the
searely Tor natural infections of lepromonad

flies were dissected  and  examined  in
flagellates, as reported in the preceding paper
[ Johnson, ¢
such natural infections was found (4186 oul
of 4861 [emale sandilics of the mare common
species ), These
freom several areas where the buman diseasze,
ansed by the local strain of Leiskmania bra-
gefiensiy, &0 deby, ds endemic, Cultures were

macde irem a pumber of the dissections cone

i
i

al., 1963, A large number of

man-biling sandflies came

taining fagellates, and some steains obtained
in pure culture were inoculated inlo hamsters,
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In preparalion [or disscction, several sand-
flies al a tme Cimmobilized by refrigeration
at 470 were shaken vigorously inoa vial of
saline 1o remove scales and any  loose ex.
tranecus material. They were then translecced
1o a drop of zaline on a slass slide, where all
appendages were removed, inallvy, a zingle
specimen, minus its appendages. waz placed
in & drop of saline on & cover slip and was
dissected by severing the neck as close 1o
the head as possible and then withdrawing
the zut from the tip of the abdomen. {By

pulling sently, the terminal segments of the

abdomen can be torn from the rest of the
body  accompanied by the entire wid- and
hindgutl.] For examination the cover slip

containing the dissection was inverted over
a depression slide and zealed with zaline,
Following microscopic examination, certain
of the dissections ob=erved to contain Hazel-
lates had the terminal secments of the ahb-
domen removed and placed in phenol for
eventual determination az to o zpecies, The



[ #4

out was then transierred with a glass capillary
o a Blood azar slant. Several dreops of sterile
saline were uvsually added at this point Lo
provide adequate moisture,
Sterile techoigue  was  used
within the limitations imposed by the nature
ol the dissections, The inoculated tubes were

throughonr,

rubber stappered 1o prevent evaporation and
incubated at 22°C ar at a room temperatues
of approximately 2570 At irregular intervals
the cultures were examined micrascopically,
and those showing growth were transierved
tor fresh medin for routine bandling, No cul-
ture, unless contaminated, was discarded as
negative until it had been held for approxi-
mately 6 wecks,

The medium for izolation and maintenance
of hemofiagellates is prepared  as  [ollows:
Ta each 100 ml of distilled water is added
2.5am Difen Bacto-Beef and the mixture
is boiled and Altered through filter paper.
This is followed by addition of 2.0 am Difco
Neopeptone, 0.5 gm NaCl, and 2.0 gm agar.
The pH s adjusted to 7.2-7.4 hefore steam
sterilization of the basic medium. To this

astock mediom s oadded  153%  delibrinaved
rahbit Dlood plus penicilin (300 unils per
milliliter]  and  streptomycin (L0 mg  per
milliliter

Risunrs

With this technigue 89 strains of Qagellates
were dsolated in pure culture from naturally
infected Phlchotomas during the 1941 calen-
dar vear, All of the zolations came from the
T omozr conymon  man-biting species, These
were: frapided, 300 wephileior, 16: samguin-
pomezd, 4 and poremensts, 40 AL
times  there was considerable  variation  in
the proportion of suceessiul isolations, but
the over-all success rate was 4000 o1 59

aris, u

isolations from the 218 dissections which were
cultured.

Culture forms of 13 of the isolates in the
first or second lransler were inoculated intra-
dermally into the dorsum of the snout of
aolden hamsters, Eight of the straing were

MO COMNELL

from sandlies collected at Quehrada Bonila,
near the Transisthmion Highway in central
Panama, and Gve from those sandilies taken
at Almirante, on the Caribbean slope in north-
Panama, With two  cxcoptions, a
gosmezl and a semgeinarivs collected at Que-
brada Bonita, all were from frawded, Two
strains, both from frapidei collected at Que-

western

brada Bonita, have prodoced nonulcerated
swellings rich in L-01¥ bodies that are typical
of those produced experimentally with local
human strains, In oone case lesions developed
within 2 month afrer noculation, while in
the other there was an incubation perviad of
11 mumths,

The estabilishment of only fwo infections
[rom 13 strains is io sharp contrast o the
results routinely  obdaimed in bamsters  in-
oculated with cullures of local buman strains.
In the latter case we are able (o cstablish an
infection in almost 1009 of hamsters in-
oculated intradermally in the nose with a
heavy Inoculum (growth from two o more
slants). Apparently the majority of the iso-
lates from  sandflies is not infective for
bamsters, although 1t shoold be pointed out
that historically the establishment of infec-
tions with L, brogifiensis in animal hosts has
been dithcult, and the factors imvolved are
not well understood, For instance, in
work in Panama we have never succeeded

e

in infecting the spinyv rat, Proechinyv:, with
strains of Ledvkmania originally isolated from
that rodent, although the same strains are
infective for hamsters. Al least one
has remained so after 4 years in culture.
Fach of the izolates from wild-causght sand-
flies which has been subjected to a sufficiently
careful examination has been found to contain

strain

some  Hagellates,  apparceotly  leptomonads,
ereatly elongated at the posterior end [ Figs.
2-9%. {Unlortunately, the strain which pro-
duced a hamsater infection so prompily was
lost before the presence of long forms in
these i=olates had been noted:  the other
strain had long forms.) The number of the

glongated forms rises with the awe of the
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culture, Fresh isolates, and coltures recently
transferred, may contain relatively  few of
these dndividuals, In oone instance, however,
an clongate leptomonad was observed in the
hindgut of a P, frapeder, Al mtermediate
degrees of elongation appear in culture and
were at first overlooked az part of the varia-
tion which can be cxpected in cultures of
Leishmania. We have never, however, cn-
countered individuals so extremely elongated
in Ledshmranie from other sources. 1n culture
the strains [rom sandllies survive bonger with-
out tranzier and with less mnisture present
than is characteristic of strains from Pan-
amanian human cases,

Morphologically, the flagellates from cul-
twre appear o be lypical lepromonads, with
the kinctoplast located well anterior to the
nuclens, a free dagellum, and with no sugges-
tion of gn undulating membrane, The ratio
of the the the

anterior end of the body relative to the

distance  irom nuclens o
distance from the nucleus to the posterior
ened wvaries from approximately 101 in pon-
clongate leptomoenads 1o 1512 in very long
specimens, This indicates that elongation is
due 1o differential growth of the posterior
portion of the Oagellate and i3 not a propor-
rional over-all increase in length. The ratio
in culture forms from other sources remains
approximately L1 The nooelongale [erms
i the sandily coloeees are indistinguizshalile
from the leptoemonads found in straineg iso-
lated from human cases.

Slightly  less elongate  leptomondds  were
fgured  for  Leffomonos
Twzeer and Wallker (19193 in a comparative
study of that arganizm and Leighwanie in-
fawtyiee, They considered the prezsence of long
forms in cultures of Leplomones clenoce phali

clenocepiali by

to be one of the distinguishing characteristics
af the two species, Wenvon [1926), in a dis-
cussion ol asimilar forms in Sordelomonay
mirafifiz, suggested that elongation may be an
aboormal  condition resulting  from retarda-

Lo of nuclear division.

MO CONNELL

It is uncertain whether there iz any rela-
tiopship between the [zolates containing long
farms and human leishmaniasi=. Antizen was
prepared from two of the strains with long
forms and, using the agar-dilivzion precipitin
techniue, was tested against antizerum pro-
duced in rabbits against a Panamanian human
strain of Leichmaniz. A precipitin band was
the antigen [rom  the
human strain aod the anti=crum (control),
bt not between the antiserum and the anti-
cens from the sandily sorains, The complete
lack of reaction in the latter case suggests
that the humuan strain and at least

prodoced between

these
twa sandily isolates are different.

Dscussmon

Tt zeems clear that at Teast the two strains
which produced hamster lesions can properly
be considered 1o belong o the genus Ledsh-
mraiin. [ The characteristice justifying inclu-
sion in this genus are: (1) leptomonad mor-
phology: (2] bath  in-
vertebrate and vertebrate hosts: and (3} the
production in the latter of an intracellular
infection with tvpical T-D bodiesy 1t is
possible that the orher steainsg veprescnt a
species of Lepdomonas or Plectesonas, hat
whatever muy turn out 1o be the Gnal identi-
fication, there that
all the Nagellate nfeclions of wild-caught
sancdfiies were obtained through a bloeod meal
front an animal Mooinlectiong were
found in oany of 262 male Mlleliolongs laken
in catches which vielded a number of females

the possession of

is evidence sngzesting

hst,

of the same species containing Oagellates
{Johnson et af ) 1962 19635, 1 the parasites
are Leplowmones or Phviomersas, acquived
by the sandilies as cither larvae or adults, the
males could he expecied to have the same
opportunity as the females to acquire Lhe
infection. Additionally, flagellates have newver
been observed in Pllelotawns reared in the
laboratory Trom wild-cauzght stock.

It is also noteworthy that the nateral in-
fectionz follow the =zame pattern as those



LEPTOMOMNADG FIROM WILD-CAUGHT SANDFLIES; CULTURE

experimentally produced  with local human
straing of Leishmanie, Althoush we have nol
attempled the artificial infection of  sand-
Hies with strainz containing the long lepto-
mondcls, it is possible to correlate the various
stages of infection observed in wild-caught
flics with the progress of infections cstab-
lished by deeding on hamaters  inocolated
with human steains, In both there appears
tor he g progressive forward movement of
the infection from the point of initial estab-
lishment in the hindgut.

While we do not ver koow the whaole cange
ol patural hosis of the principal man-biting
species the available evidence indicates that
they feed chielly on mammals Ower g period
af & months daytinme collections made weelly
i oresting places such as tree buttresses and
animal hurrows vielded aboutl 300 females of
the man-hiting species, which were dissected
in the search for natural infections. These
collections were made in one of the sludy
areas {Quebrada Bonita) which had wvielded
many natural infections and were made at
Teast G0 hours after any  collections  with
horse or man as bait in order to avoid con-
fusion bilond
Red blood was present in 62 females (2 of
which were also naturally infected); stained

wilh meals ol these sources,

smears were made of the midgot contents:
1D of the smears were unsatizfactory as o
ervthrocyte morphology: i the other 51,
the red cellz were nonnucleated, ie, of mam-
malian crigin, Nucleated red cells were found
in frisidadeniis, a very common bBullress-in-
halyiting species, known (o feed on zeckos,
and in pextlarins, o rather uncommon sandily
which has been taken biting man but of other-
wise unknown feeding habits. Common nian-
biting species have been attracted o chicken-
baited traps and hirds thus can not be ex-
cluded. However, the consistently manmimalian
source o blood in the above series points
strongly tooa mammal as probable source of
the leptomonad inflections,

AnnENnr

After Th, AMeConnell left Gorgas Memo-
rial  Laboratory  (August, [962) we con-
tinued attempts to indect hamsters with Dagel-
lates from naturally infected sandllies, By
this time all of vs, including De, McConnell,
that infections
would be the type most likely to produce
infections in hamsters, This fecling was hased
on the fact that the two previous successes
were obtained with cultures [rom sandilies
with beavy anterior infections, logether with
the assumption that transmission iz by the
bite of =andilies which have anterior infec-
tion: with Dagellates,

susproted heavy  anterioe

Fleven strains of lepliomonad  {lagellates
recovered  from the 24 infecled guts
which we cultured during September 1o No-
vember, [962, After varving periods of time

were

flagellates in seven of these strains developed
long tails, such as those described o Dir,
MeConnell.

Another strain, from the hindsul of a
sanguinarivg, has big cigarshaped leplomo-
nad flagellates of remarkably consistent moe-
phology. It iz unlike any other strain we have
izolated  from sandflies, Tnoculation of cul-
tures into the nose of hamsters has not cavsed
infections in these animals.

The remaining  three steains, from  one
sephiletor and two frapided, have notl de-
veloped long-tailed forms in the 6 or 7 months
they have been under observation. All three
were recovered from ruts with heavy anterior
infectionz.  Second-tranzfer colturez of the
short-tailed strain from wleplidetor (collected
at Cerro Campana) were inoculated intra-
dermally into the nose of hamsters, Lesions
containing L-13 bodies developed in oa litle
over 3 weeks and were consistent with those
described by Do MeConnell in other ham-
sters inoculated with strains from naturally
infected sandfies. Tn the case of the two
drapided the triturated gots themselves were
inoculated into the nose of hamsters, Those
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incculated with the gutl of 8 o pido collected
at Cuebwada Bonita  were negative ar 2
maonths, but a month later lesions containing
Lal¥ Tawlies had  developed. Hamsters in-
octlated with the other fropided, collected at
Almirante, remaioed oegative.

Oe of the seven long-lailed straine was
vecovererd Trom an wWepdifefar Temale, infected
anly in the hindgut, and collected at the
same time and place as the vlephileior which
produced  the short-tailed, hamster-infecting
strain. Hamsters inoculated with Brst-transfer
cultures of the long-tailed wlepdileior strain
never developed lesions, nor were L-T3 hindies
demonstrated in smesrs of bissue aspirated
from the nose. This is entirely in keeping
with the results obtained by Do MeConnell
and supports our hyvpothesis thal shori-tailed
strains  [rom heawy  anterior infections are

MO COMNMNELL

necessary for the  production  of  hamster

infections.
PayiLLis 1. JoHNSON
AND (CECILIA IISENMANN
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