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In VECTors ol in Pamama, over S0C0  wild-caushi
femnales woere dizsected and examined for leptomonad fAagellates. Natural
infections were found in 416 out of o lotal of 4861 Temeles ol six of the seven common
man-liling species {gomesi, pongmensis, sanguinaring, chanreni, rapided, and viephiletor).
A simale female lewpipalais was also infecled. None of 363 females of 13 other species
2 males, including

242 of commuon man-hiting specics, was negalive,

Leptomonad indections werve founed in sandflies froem each of five endemic areas and
i two others where huwman eases have not becn reporied. The over-all infection rate
of the common man-biters was 3.5%, with rates varsing from 1LO% for jpesamensis
to 1349 for trepédded, During the mainy scason, June theough December, the over-all
rate (I065EY was much higher than during the dry season (4150,

The source of these infeclions in wnknown, However, the vertical distribution of
apacics in simultanecys ground-level aml tree-plattorm catches, topether with dificrential
infeetion rates, susgest that the restrveirs may be found among arboreal animals.

Lepiomonars were alwavs present in the hindzut af infected females, They alse

aceurced oeeasionlly in the

Malpighinn Lulailes

in ihe posterior parl of 1he midzut (stomach), ravely
anterior part {eardind, and enly twice were they found in the furesul fesophagus
pharynx, respectivelsd. In over 200 of the infections leptomonads occurred in

anil
the

In culture the morphology of leptomonads from the patural infections is consistent
e E
wilh et i Lefdisanie. Lestons preduced in hamsters by Lwo of the sandfly straing

are ingistinguishalble  (rom

thaosze produced by
sandfy gul the grawth pattern and morphelogy o
ave gmilar to those of sandiics fod on hamster

Prnamanian human  strains. In the

1 the leplomuonads i natuval infections
lesicns produced by both Panamanian

Tipnan straing and & wild-canght szndfy sieain.

For many vears it has been generally con-
sidered that Phfebotonus sandilies are prob-
ahly the vectors of American leishmaniasis as
well as of the leishmaniases of the Old World,
where transmission has been experimentally

I The work here reperted was supporied in gar
by a rescarch grant (E-1251% the MNational
Tnstitute of Allerzv sl Infectious Diseases, N.IH.
P HS Parlial cost of publication ¢f this paper
was met by Gorgas Memarial Tnslilute of Tropical
and Preventive Medicine, Inc,

* Peesent addreess: U5, Naval Medical Research
Unit No. 3, Cairo, Egvpl.
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demonsteated  in several cases, With  this
hypothesis seversl South American investiga-
tors, working in arcas where Leishmania bro-
zifiensis is endemic, have searched for nataral
infections of leptomonad fagellates in sand-
Mies, with results reviewed in some detail by
both Pessia and Barretto (19483 and T'ifano
[1960].

[n Venesuela, Pifano (1940) found lepto-
monads in 3 of 72 Phlebotopns pasaniensis,
some aken while feeding on the barder of
a human lesion. He alzo found infectionz in
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2 Phicbofomurs migenct ol 1 Pllebatoms
fomgdpad piy out of an unspecified o1l of (hese
Splcies,

Pessia and associates ('easta and Pestana,
1040; Teszda and Coutinho, 1940, 1941
Continho, 1940} examined a larze number
cndemic aregs in
the state of Sio Paulo, Brazil, They founi
26 inlections out of & tetal of 11,393 zand-
Mics of 3 species: adfbmand, 1079040 wifsoned
BA3T420 pesgead, 8727110 the over-all in-
fection rate was h224, The only other spe-
which X0 were
stiudies,

ol saedilies from sewveral

cles examined was [l of
negative. In these four Brazilian
exininition wis made entirely by dizsections
nong case (328 specimens ) in serial sections
in two cases (otal, 1612 specimens): in the
tourth instance, with 9273 zandilics examined,
Both methods were used, but the total for
each was not specified. Serial sections revealed
one each of migoned and pesyouas with Hapel-
lates in the pharynx In oo case do the two
revicws give any information about he loca-
tion or growth pattern of the flagellates in the
sandilv sul, except for the two pharynzeal
infectinns. Fwen here, in the one instance for
which the original publication is available to
us, Coutinhe (19903 carefully described and
figured the fagellates in the pharvnx bt
did not mention whether any occurred in
the rest of the our,

Faratting and Ths Santos (1952, in the
conrze of samdly studies in the stute of S0
Paule, found a natoral infection in one female
itersreding,  In forther  examinations b
means of Giemsa-stained smears of the tri-
turated  bodies, these  workers  {Foratrind,
19547 brought the total of sandilies examined
to 678 fndermediny and 104 whitmoni, without
finding any additional infections,

All these investigators felt they were prob-
ably dealing with I hraziliensis.

We have been concerned with the transmiz-
gion problem of American cutaneous leish-
maniasis i Panama. We recognize that we
are dealing with one of the geographic straios
of this disease and that the nomenclature of
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the causative parasites requires revision, For
the preseot we shall use the name L. brazificn-
Bz, 8. lal,

Dhuving 1961 more than 3000 wild-caught
female sandfies were dissected and the gut
examined for lepromonads, A preliminary re-
port of this work has been published ( Johnson
et gl 1962,

several places where the homan disease i=
Loown to ocowr have been sampled from two
to many times. Two of the aveaz are on the
wiot Caribbean slope of the continental divide
(Changuena Fiver and Almivante);
an the deier Pacilic slope, west of the Canal
dome {Santa Rita): and two are in the con-
tinental divide region [(La Aumbadors and
Chuebrada Bonita (Fig, 1), Ouwr efforts were
concentrated at Quebrada Bonita, which has
been well studied by our group since 19546,
Thiz arca, aon the Transisthmian Highway,
was it one time heavily woaded and was
actively heing eleaved for agricultural pur-
poses. A large proportion of the population
has had leishmaniasis. Even though the re-
maining wooded tract where our collections
were made in 1961 has been reduced to little
more than two acres, there was a new case of
leishmaniasis in a child living nearby as re-
cently as September, 1961,

We also have collected and diszected zand-
Migs [rom  two  arcas where buman  leish-
maniasis has not been reported. Both are an
the Pacific side of the Tsthmugs, one in the
Canal Zoene, and the other at about 2000 feet
on Cerro Campana. The latter collection was
marle early in January, 1962,

ane Qs

MATERIALS AND MeETHODS

Callecting and fransport of spocimens, Mozt
of the females dissected were individuals of
the 7 most common man-hiting speciez nf
Phichotamus in Panama. They were collected,
unfed, at duzk or predawn, when atiracted 1o
the collectors or to a horze, Thiz aszured that
hungry  females  formed a
larze part of the samples. Some samples were
taken (com tree platforms in the forest canopy

physiologically
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at heizhts ranging from & 1o 30 feer, At
Quebrada Bonita, in ovder to sample other
than physiologically hungey females of the
man-biting species, as well as those species
not atteacted to man, daytime eollections were
made irom tree trunks, (ree buttresses, and
animal burrews. At Cerro Campana a Shan-
won lrap colleclion was made of sandilies
attracted 1o light,

Flies were caught singly or in groups of
about 13 in small, moisteoed, plaster-lined
vidls. Depending on the distance inwvolved
anid the conditions: of transport to the labora-
tary, the maintained at
amnbyent temperatures or placed over ice. De-
tails: of the holding wials, aspirators, and
methods of transporr gre given in Hertig and
Juhnson (194l ;.

Method o] dizsection. o the laboratory the

vinls were either

calch was dissected ws soon as convenient,
uzually within 24 hours afler capture except
that in gpecial cases fermales were held in the
laboratory up to 120 hours, The vials con-
taining Hies were placed inoa refrigerator at
4570 to immobilize the Dies. Flies in groups of
4 ar &, were shaken vigorously inoa vial of
sterile saline 1o remove as much  organic
material, dust, and scales az possible, Flies

were 1heo removed singly from the vial to
a drop of sterle saline on a flamed slide,
and the wings and Tegs were removed, After
removil  of legs and wings each Ay was
transferred to a small drop of sterile saline
on g llamed cover slip for the actual dissec-
vion, Alter cutting off the head, the thorax
was held with one needle, the zecond needle
was pressed lightly on the penultimate seg-
ment of the abdomen, and the il end plus
the entire mid- and hindegut and Malpighian
tubules slowly pulled out the rear. No actyal
cutting was done in this step. The preparation
waz areanged so that the ot feom the pro-
ventriculus to the rectal ampulla was clearly
visible; the cover slip wuas inverted over the
comcave surface of a depression slide, the edge
sealed with saline, and the zul examined
micenscopically Ty using the shallow hanging
drop there waz a minimum of distortion of
the sut and a maximum of visihbility of all
the parts. Leptomonad-iniected gutz could be
cazily removed from the drop to a culture
tube,

After examination a drop of phenol was
introduced into the hanging drop of saline
to clear the tall end, which contains the

spermathecae, for species  determination,
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Infection rate i Hhe sondfly populetion,
Pemales of & of the 7
biting species were found infected with fagel-
lates indistinguishable from leptomonad forms
of the genus Leishwanie, Positive females of
I ar more of the o species were taken (rom all
the endemic localities sampled as well as
from two areas where human leishmaniasiz
baz not been ceported. We also found Tepto-
monad  flagellates in a female fongd padpds
collected at Cerro Campana, the only speci-
men of this species dissected during  the
survev. Chne drapidod female fvom Quebrada
Bonita e phifctar from
Cerre Campana were infected with crithidi-
form flagellates, We have dissecled 263 speci-
mens of 13 ather species which never or only
occasionally arve taken hiting man, and none
was infected with leptomonads. Samples of

most Common man-

amil  one female

most of the 13 species were small except for
iriwiiladensis and vespertifionis. The species
and number of females Were
follows: composi, T; crwciaties, 15 hawsond,

61 wvaflesi, 7 reneides, 45 rorotaensis, 1

dizzected as

serranns, 1 spivosus, 5, frinidadensés, 190

brivamiadas, 3, vesiciforns, 15 wvespertifionis,
V22 and vexilfarins, 2. We have found crithid-
iae of trypanosomes in both  oesgertifions
and drinidedensis, These infections will be
discussed in a separate pote. The proseny

of some of the crithidia-infected vesperdifionds
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were rearved o adulis and proved 1o be this
species by examination of males, Howewer,
vespertifionis and the closely velated fyaves-
pertifionis cannot be  distinguished in the
female, with the result that the latter species
may have been included o our series.

We also dissected 262 males of & species,
including 242 males of 3 common man-hiting
species which were taken in collections con-
taining infected females, Species and numbers
of males were: campesi, 71 gowmezl, 136
sungainarins, Q0; fragidel, 100 frinidadensis,
Lyoanl wespertifionis, 13 Males were con-
sistently pegative for any type of Hagellate,

The vver-all infection rate in females of the
marn-biting species was 3.53% (Table T}, The
five MOSL COMIGN species, gomeni, paraimcs-
#5, senguinaring, drapidoi, and wlepfidetor, dil-
fered widely in infection rates, with a low of
1.9% for pamemensic and a high of 13495
For trapiclol. Phlchotomns peisoang was not
common in o collections, and although none
of 24 fermnales was infected, larger samples
would be necessary o ascertain the infection
rate of this species,

Seazonal differences in infection rates are
marked (Table 13, During the dry season
[Januvarv=April), there was an over-all infec-
tion rate of 419, whereas the rate ducing
the i June-December)
10067 No collections were made during the

]'H.[l?l_'y' Aeasnn WHE

manth of May. In the rainy season all species

TABLE 1
Lepromorad Infectiony in Wild-Canghl, Man-Biling Species of Pangmanian Saedflies
(A sowrees; calendar vear 1968)

Entire wear

Dev season
VJan-Aprilh

Hainy segaon
I June-Tlee

Species of M M, T M Mo G Nu. Mo o
Mhlahatanrus iza. Tons. s, b [its. T, clizms, [EIES s,
LNzt 343 a7 3.0 430 i 4.7 115 ks 70
BT e 270 11 1.9 &4 1 3.5 550 10 1B
sanpinaring L1404 it 4.7 711 19 237 G52 47 hE
Ly filad 12491 4% 154 37 14 52 1261 250 17.0
vigphiletar Bt E &a b4 30 i W N Gl 09
whanod T 4 4 L& 3 110 ah 1 L&
Bressodng 14 e £ — = 24 - —
Toial ARES 416 g5 1574 l§ 4.1 Jin 332 106
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TABLLE II
Leglomonad Tnfeciions e Wild-Coughl, Man-Biling Species of Povamanion Sand lies
(Omebrada Bomita, from man anel horse, 105173

Entice vear

Diey sensen

{ Jan—April)

Rainy seisun
{ Jume-Dhee

Specics of M N, T N, N ot i i, s

Fidebai g glise s, s, clizs s, K8 ilies, Jru. [EGES
Bonesi 3Rz 23 510 254 14 54 Gf i 71
PERARLCR S EER | i 1.7 24 1 4.2 A0 & L&
sangadiari 1140 B2 5.2 ST 15 g2 623 A4 7.1
Lrapidor 1304 i 162 222 1% G.8 10872 145 180
wephiletor ] Al 153 29 2 i i7i 19 17.0
shandoni 25 E} 124 15 200 141 —— —
Turdal 35 R 9.5 1141 3 R LT A0 122

excel shasnan
abrupt  Increase

and  pangaensis showed an
in infectiom rates, particu-
larly érapidai. which rose from 5.8 to 1709

I Onebrade Bonita, colfectivns from muen
aad fovse.  This study arca lies to the north
or Caribbean side of the contineotal divide,
Fainiall is heavy during the months Mayv o
December, but a delnite dry aeason ocours
fram  January theoogh Aprdl, At Quebrads
Bonita, 53 collections gvernzing 60 females
each were made mainly in the evening at
weekly intervals during the menths of Jan-
pary to April and Juoe w December. The
proportion of infected females increased al-
most theeedold during the rainy season, [rom
49 to 12.2%9% (Table 11). Phlebotonns frepi-
dig andd wleplidetor had the highest infection
rates during the rainy season, and P shannon:
was rare, but during the dry season, 3 of 13
were found infected. Duriog the dry scason,
pangmensis s an uncommon species, and we

lack sufficient data for a troe comparison of
its dewv and rainy zeason infection rates.
Because leishmaniazis had been contrac-
ted by Gorzas Memorial Laboratory person-
nel making Biting-inscet eollections i the
forest canopy (a2l Almirante), duriog  the
rajny  season paircd  collections of roughly
equal numbers were made in the evening
irom 4 3e-foot tree platiorm and ap gronnwd
lewel below the platform. All species except
pamamensis ocourred regularly both at ground
level and in the canopy {Table 1113, All but
2 ool the 304 peosamcasis were taken from
around Ievel, OF the ather species, traepidod,
slepkilctor, and gomesi were more irequently
capturcd al the 36-foot level, and songuinar-
iy oat ground level. Philchotossss  frapidoi
and wiephifetor, as well as being more com-
mon at 36 feet. had sornewhat higher infec-
tion  rates  there, particularly  wlephiletor,
while gameszi, which was alse most commen

TAGLE III
Euvening Collestions, Comparicen of Defection Rates from Gropad Level grd 26-Fool Flatform
[Quebrads Bonite, June=Thee, 39 paired collections)

Species of Ceroumal lewel

i-Teot platiorm

Frhivhnl o o dliss. Mo, pos. s, Nir, odiss. ik [I0E. DS,
o 27 3 11.1 Jid 2 EX
L En eI 302 i 1.7 2 —
SR TATNrTNE 3i6 24 1.3 147 ) f.l
fripidal A4 i 13.0 SEh ol L&.7
viephifetor 43 4 ¢.3 104 in 17.5
Total 1344 Lt 114 703 123 L5.4
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I

Eowwing amd Predawsn Collecliony
Ceonparson of Gromwned Level axd Z6-Fool Plat fevm Infection Rates
fuehrada Bonita, Ckl-Dec, 3 padred collections)

Crrounl Jesel

abefoal platlerm

Fvening Prodawn Ewvening Fredawn
Species ol Nn, No. b MNo. Mo ke Mo Nuo, o N, No, T

Phishobamis dizs.  pos. [ diss.  pos. pos, diss.  pox pos. dizs. pos. oS
gonresi 3 2 14 1 7.1 15 2 13
DO LY 13 3

SRRLENTROTINT 7l 10 o4 11 i 39 G4 b 152 Fir 4 14.8
frapiad AY 7 15.0 12 14 2:0 04 4 .2 113 1% Li%
wephilelor A 3 2 NN} A ! A0 3 1 0.0
Tuolal 127 15 LY 153 16 14.2 120 A0 107 162 13 .2

at the 38-fool level (based on a small sam-
pled, had a distinetly higher infection rate al
ground level,

We were interested to see if Lhe proportion
of infected females and growth pattern of
the leptomenads might differ according to
what time of night catches were made, Dur-
g Oetober through Decermber, 3 of the reg-
plar evening catches made after sundown at
about 7 o were followed by 8 calches made
belore daybrealk at aboul 3 an, These paired
catches were made hoth at ground level and
at 36 feet, The pattern of infection was sim-
ilar in predawn and evening collections.

Phichatomus frapicdod, which had a slightly
hirher infection rate at the 36-foot level in
the evening catches, reversed ftsell. The pre-
dawn ground-level rate (2359 ) was almost
twice: that of the platform {1399 ) (Table
V1, We have omitted from the data presen-
ted in Tahle TV one morning collection talen
12 October which lacked & paired evening
catch., This collection 15 worthy of mentien
because 16 of 39 trapider {41.0% % were
jound inlected, as well as 2 of 3 wlephileion
(66.6% ), including both ground and plat-
form catches,

2. Duebrada PBomite, doviime colfections
frome adult resting ploces. Most of  these
collections, made during the raioy =cason at
weekly intervals, were [rom iree trunks or
within tree buttresses, A few were made from

animal bhurrows and from leaves on the forest
Hoor, The most frequenly encountered spe-
cies was wephifefor: 425 females were col-
lected and 31 were [ound infected with lep-
tomonads  (7.37% ). Infected individuals of
sangnipgrins, trapided, and shamsens were
alsa found, although these species were col-
lected ondy in small numbers, The two speci-
mens of gomrez and one of pancmcnsis were
negutive. Nine species which never or only
occasionally bite man were also taken from
vesting places and found consistently oeoa-
tive for leptomanads, OF these specics only
brinidadensis was common 189 specimens of
the total 227 being this species,

There were no readily discernille differ-
ences  between  the pattern of  leptomonad
infection found in resting females amd phys
wlogically hungey females of the man-biline
species,

3. Smmte Rite, collections from mgn and
Aorse. Human leishimaniasis is common in
and around Santa Rita, althoogh the wonded
areas are mainly  second  growth, generally
mach dreier than at Quebrada Booita, and
thus less satisfactory for Pledotomes. In
17 ground-level collections made [rom eb-
ruary through September only 10 of 442 fe-
males  were  infected leptomonacs
{Table V). During the dry seazon, gomesi

with

was the only common species and the only
one Toundd infected. [ts infection rate of 2895
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TABLE ¥
Legtomongd Pafectfons fa Wald-Cought, Man-Biting Sgecier of Pongmranion Sandiie:
(Zanla Rita, from man aond herse, 19610

Enlire vear

Speive al M. X, o
Plilebotl o iz, (FaES oS
Fenesf 159 4 2.0
s i ERE TR 228 3 2.2
RIS PEEE FR T 2 i 3
rrapidol 6 1 16.7
ylephilelor I — -
skannani i — _
pessana 18 — —
Total j4z i 23

Eainy season
{ Junc—Sept.h

Ty Heason
(Fel, April)

Nuo. M. 4 Nuo, Nu, %
dizs [0, s ddizs LS JHIE,
[45 4 2.5 14
1 —= — 22% 3 2.2
Iz -— - 12 -
? = T 1 1 230
] ——t - ——
1 — — i
—= i Es 18 = i
1166 4 L 26 Q 2.2

is roughly ball that of gesesd from the Que-
brada Bonita collections, The comman species
during the rainy  zesson was  pawamensiz,
with an infection rate of 2.2%,
similar too that

which is
found in o panemensis from
Cuebrads Bonite, Only & specimens of fra-
pidoi were taken, 4 during the rainy season,
with | of them infected. Circumstances pre-
viented making collections at Santa Rita care-
ing the latter part of the rainy season,

40 Admivente stafion, Bocas del Toro Prov-
fnee, colfections from wan and forse. The
Caribbean coast of Panama is covercd with
a tropical rain forest that lacks a true dry
season, although there iz less rain during
January 1o April, We had 3 paired collections
fronn Almirante, at pround level and at 40
feet in the forest canepy: one in March dur-
ing the “dry” season, and the other two in

August and November, during  the heavy
rains, The leptomonad infection rate, as at
CQuebrada Bonita, increased sharply during
the “rainy™ seazon (Table V1), Phlebotomuy
trapidoi and ylephiletor were the only two
gpecies found infected. During the “raine™
season frafidel was not anly the dominant
apecies but more than 200% of this specics
were infected with leptomonads, Tn the No-
vember collection, frapidei was the only spe-
cies collected from the 40-loot tree platform,
with 14 of 31, or 27.5%. infected. During
1961 three Almirante collectors  developedd
culaneous  leishmanizsiz. Two of the cases
were acquired during the “vainy”  scason,
one i December, 1960, and the octher in
July, 1961, The third case was acquired dur-
ing the “dey™ season,

FooLe Awmbadora, collections jrom man

TARLE VI
Leptomanad fniection: in Wild-Caughi, Man-Biting 3pecies of Panamanion Sandfiles
CAlmiranie Station, from man, 19610

Fntive wvear

M i Y

Diry sensen

124 Marcd

Eainy sepzan
L4 Aug, 3 Nov
Mo

Specics ol M o i M. o
Fhlehalonis diss. k. s, dliss. [ s, diss, [res. oS,
rowesi — -— - = e = i
PR k - - 4 — . 1 . o
.:.'.:r:lrg.'qimu'f.'r.:: 13 = 13 — — fr] —_— -—
fra ol 169 24 e 45 ] L3 121 26 i:
e ghiietor 15 1 0.7 f 1 10,7 g -

bR ORE 1 - -- — — 1 - =3
Tatal 203 a0 4.4 it 4 iy 133 25 1%.5
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and Forse. La Zumbadora, Tving ar about
2000 deet within the mountaing of the con-
tinental divide, has sharply defined rainy and
idry zeasons with heavy rains during May to
Drecembrer a5 at Quebrida Bonita, rom [958
throush 1960, 94 females of the 7 conmunon
man-biting  species were dissected  and  all
were negative for any lype of fagellale.
These females were taken in 2 small collec-
tions  from groand lesel at wvarious  times
during both rainy and dry seasons. We have
bad six 1961 collections {from La Zumbadora,
all made in February and March during the
dry season. and all from ground lesel, OF the
199 females collected, 117 were seugzuimarins
and only 1 was positive, an infection rate for
this species of less than 1% . (Of the 55 frapi-
aid dhissected none was positive. In the 3 vears
prior Lo our 1961 dissections lve members of
Gorgas Memorial Laboratory field teams ac-
cuired leishmaniasis at La Zombadora, Cases
in the local population were (requent and
atill occur,

. Chargeena River, Bocar del Tora Proo-
mee, colfections from man.  In September,
1961, a short-term beld slation was estab-
lished on the Changuena River in uninhabil-
ed vicgin jungle. Like Almirante, this arca
is in the trapical rain forest, In two collec-
tons of 101 individueals taken from a 50-foot
tree platform, 2 of 49 sanguivaring and 2 of
41 frapidai were found infected. Cther spe-
cles taken included & pessoanea, 4 wepdifetor,
and—unexpectedly—1  panamensis. None of
these was infected, The over-all infection rale
was 405, Human leishmaniasis has been
repented fromm the Changuoena River area in
hunters and other fransients.

7o Canad Fowe, calleciions frowm foliow froe.
On the Pacific side of the Isthmuos in the
Canal Zone are large stands of virgin or old
second growtl dorest. There are no human
habitations in or near these forests, which
are undisturbed by oman and frequented in
the main only by occasional hunters. Human
cases of leishmanizziz have not been reported
irom these areas. We have made a few collec-
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tiong of Mebotosws from a large hollow
tree near the edoe of one of the forested
areas. All hat one of the flies collecied were
of non-man-biting species, The single excep-
tion wias & female gomesi which was infected
with leptomonard flagellates similar in appear-
ance and pasition o those found in pewezs
fromm areas of endemic leizhmaniasis,

A& Cerva Camposg, collections [rom man
aad Shannwonr Leap, Cerro Campana lies about
35 miles zouthwest of the Canal Zobe near
the
has not been reporcted from Cerro Campana

Pacific  Coast. Human  leishmaniasis
bal is present at Santa Rita, which lies less
than 20 airline miles away at the foot of the
same mouniain chain, Our collections o ear-
lv January, 1962, were taken atl about 2000
feet and inchuded females atteacted to human
baitl and to light in & Shanoon trap.

The dominant species captured both from
man and Shannon teap was wepdiletor (213
of 248 females dissecled ). Seven of 87 e pili-
deter collected from man {50500 were infect-
el with leptomonads similar in appearance
anid position to these found in zandfies feom
Quebrada Bonitz and other endemic areas.
The Shanooo trap catch included 136 wiephis
fetor with 4 infected (3.2790), and a further
specimen of this species infected with crithid-
The only  other man-biting
species taken by either collecting method was
sumgrinarins. None of 30 specimenz dizsected

L, COTIMOn

waz infected. O particular interest was a
single  female fowgipelpis laken  from  the
Shannon trap and fouod fofecred with lepto-
monads, Typically a dry-land species, P fongi-
falpis is associated with neotropical kala
azar in Guatemals, El Salvador, and several
=outh American countries.

Site apd type of infection fn Hre sand v gut
A diagrammatic drawing of the sandfly gut is
given in Fig. 2, The buceal cavity, mouth-
parts, rectum, and anus are oot shown, Below
the sclerotized pharvnx is the shart esopha-
aus with itz membranous, distensible diverti-
culwm., The esophageal diverticulum  serves
as g reservoir for fluids. The pharvnx and
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PROVENTRIGULUS

ESOPHAGE AL
DIVERTICULUM

SORDA

STOMAGH -

MALFLGHLAN
TUBULES

HING TRIANELE

RECTAL aMPULL A

Fia, 7.

esophagus are parts of the foregul. Posterior
to the esophazus iz the muscalar proventric-
ulus, which = the valvular apening into the
midzut, The nendistensible, anterior part of
the midzut is called the cardia, and the poste-
rior elastic portion, which may e greatly
distended by a blood meal, = the stomach,
On either side at the posterior extremity of
the midgut arize the Malpighian tuholes, be-
sinning as lwo common tubes which quickly
Lranch inte two tubules each. fm sidwe the
distal ends of the Malpighiun tubules are
closely appressed to the median portion of
the hindgut. The antecior-most pact of the
hindeut s roughly teiangolar in optical sec-
tion and we call it the “hind triangle.” Below

"
1

L PHARTHY

— T 7T T iEsoruagus

_—

}MI.’! GUT

SHING GUT

sz

Thagram of the pal of Phichofomeas. Mouthparts, buccal cavitw, vegtum, aned anus omitoed.

the thin-walled hind triangle, the hindgut
forms a narrow muscalar tube which broad-
ens into the rectal ampulla, with irs two rec-
tal glands, Beyond the rectal ampalla follow
the tubular rectum and anos.

[ wilid-caveht Panamanian sandfiies, lep-
toronacd flagellates were always found in the
hirdoet with the majority of inlections con-
fined 1o thiz area, Often, the hind {riangle
wis the only arez infected (Fig, 37, Tn the
hindzut, leptomonads  uvswally  occurred  in
roscties, attached at the antecior (Aagellar)
end 1o the gut wall, with most of the
Hagellates  round o oval in shape, and
small, We hope that sections of infected zuis,
now heing prepared, will show whether at-



116 JOUNSON, MO CONNELL, AND HERTIG

5

Frig, 260 Natural indections of  Mhlebetowess with Jeplomonads; fresh dissectinns;
{350 w3

Fro. 3. Phlebotones trapidei; fagellates atlached o epithelium of the hind triangle
nf the hindegut; oval forms predominaie; in the large patch mest af the organisms
are perpendicular o the epithellum aml are seen foreshortened.
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tachrent to the put wall is only by the flapel-
lum where 38 arises from the cell or by the
cell fzelf, Al vimes there were o Tew spindle-
shaped 1o long, thin, very active lepromaonads,
particularly ar the outer edges of the ro-
settes, These larzer and more active flagel-
lates attached Ty part of the
Hagellum, Eventually some of such precari-
attached  leptomonads  would  break
loose Trom the gor wall and swim azbout in

the lumen. In more than 2074

wers ANV

onsly

of the infected
ties, zpindle-shaped, lonz, thin  flagellates
were fouid in the Malpighian thoales [(Fig.
41,

robably the lone, active organisns are
the ones which migrate within the gut, usu-
ally in an direction, with  some
flagellates lost in the Malpighian tuhules and
athers going forward into the mideut, Aidzut
infections vsoally consist of spindle-shaped,

anterinr

lomg, thin flagellates, although in heavy in-
fections shorter organisms may alse be pre-
sent, Usually the inlection docs pol progress
bevond the stomach, We have held females
in the laborators for varying periods up Lo
120 hours after collection and  the  irend
secos to be toward a progression of the in-
fection to the midgot. About 14 hours after
collection, 3 of 22 females, or less than 155,
had Dagellates in the stomach: at 72 howrs,
2 ol 7 females, almost 30790 had such infec-
tions: and at 90 and 120 hours, 10 of 24
females, or more than 409, had Aagellates
in the slomach.

In less than 3% of the infections (0.24%
of the total females dissected) organizms
were found in the cardia. Cardia infections
may consisl cither of a loose wass of mainly
spindle-shaped and long, thin organizms or
of actual rosette formation al the proventric-
uluz.

Fiz. 4,
and long, thin [orms predominaic.
T
from pharvoy at junction with caophazus.
B, .

ineluzinns.
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Pharsngeal and esophageal infeclions are
rare. We found only one pharengeal infee-
tion, in a frafided irem Quebrada Bonia
(Fig. 3). This infection represents Q0875 of
the tedal frapided dissected from that area,
A zecond frapidod from the Changuena River
station had an esophageal nfection. Consid-
ererl together, these [oregut infections equal
only 0175 of the total drapided dizsecied
from all sources.

Alter a primary infective meal, a second
naminfective Blood mesl probably does ool
alter the course of infection. Groups of wild-
capght females which had been allowed to
feed on human or horse at the time of collec-
tion, and then were kept up o 120 hours in
the laboratory, did not evidence a lower in-
fection rate at the eod of 3 davs than did
their unfed counterparts, and the forward
growth of fagellales was similar in both
grOLS,

There were no real dilferences o tvpe of
infection according ta the species of =andily
except  that infected  geweczi often bhad a
heavier infection in the hind riangle than
did the others,

The tepe of nfection we have found in
the wild-caughl sandilies s similar oo bt
nol 5o intense as that found in laboratory-
reared flies experimentally infected with ho-
man strains of Panamanian Leishwanis by
allowing them o feed on infected animals,
That is, in both experimentally and natorally
infected fies, the hindgut i invariably in-
fected, The proportion of midgut infections
iz much greater in experimentally  infected
flies, but this i3 poszibly becavse the experi-
mentally produced animal lesion is extreme-
Iv rich in organisms and zandilies thus re-
coeive a massive dose of parasites,

The infection rate gecording to method of

FPhlebatomys egyinaris; fagellates at ruptured zpex of Malpighian tubule; spindle-shaped
Phlelbotvrmns trapidod; heavily infected pharvng; fagellates, s8] attached to tssue, procroding

Fhlebotemus gomest; midgut of infected Ny showing large, round, refractile, intracvieplasmic
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coffection. At a given time Lhe possibility of
human or other animal infections occurring
depends upen the proporvtion of infective
flies which are actively zeeking a hlood meal.
Far this reason biting collections  probably
zive the best index of potential transmission.
A Cerro Campang 5.0% of wlephileler in a
biting collection were infected with leplo-
monads. Al the same time and place and only
a [ew vards awav, wlephilcior collected when
attracted to light had an infection rate of
only 329, A similar difference occurred in
Quebrada Bonita hiting collections of wlephi-
opposcd Lo
infec-

fetor (15.3% infection rate) as
davtime resting-place catches (7.3%
tion rate. )

[raersans

Tdeméification of the lepfomonads, The
leptomionad strains we bave found o wild-
canght, man-biting sandllies bhave notl as vel
been completely identilied. However, we have
strong presumplive evidence that one or more
human-infecting  =tvains of Leishmenia are
incliuded. Since only females are infected there
is no neesd to consider insect leplomonads
{never reported in osandfies) which either
infect insectz in the larval stage or are
acouired by nvmphs and adulls of both sexes,
Cur leptomonad strains are morphologically
consistent with leptomonnds of  the genos
The evidence  thal
human-infecting strains are involved will be

Letshyrania. strompest
mentioned only brielly since it iz the subject
of a separate paper by one of us {(MaConnel],
1963), which directly  follows the present
report, Suffice it (o say that two strains from
wild-caught frgpidel produced lesions in the
Syrian hamster indistinguishable from those
caused by Panamanian hgman strains. Fur-
thermore, the infection pattern in sandfies
fed on such lesions not only matched that of
the matural infections but in addition
the zame as in sandflies fed on bamsters in-
oculated with the human strain,

A comparison may be made of the growth
pattern  of leptomonad infections  derived

Wi
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from four sources, Twa of these are of un-
known origin, namely, {13 the natural in-
fections, and (2] those of sandilies fed on
hamster lesions produced by sandly steains,
The other two are of known human origin,
Le, (2} infections of sandfiies fed on bamsters
inaculated with human straineg of L. beazifien-
i, and (4} of those fed artificially on cul-
tures of human struins {(Hertig and MeCon-
pell, 19633, o the actifcially fed sandilics
early infection of the hind-triangle wsually,
bue not invarially, takes place as in the
athers. The artificial infections differ chieily in
the early establishment of growth in the car-
dig, particularly at or near the proventricular
valve, and often with a massive acoymulation
of Nagellates within 4 or & days.

This difference, as between the artificial
infections and those derived from the human
strain hamsters, cannet be attriboted o dii-
ferent sirains or species. A better explanation
would be the number and stage of the para-
sites ingested by the sandflies. Tn the natural
and hamster derived infections there were
frequently only a few Dagellates, al tines less
than a dozen, which gave the appearance of
incipient infections by a few surviving pava-
sites which would have been ingested in the
alagellate stape at least 4 or 53 davs pre-
viously, On the other hand, the artificial
culture-blood meals provided an initial supply
of large numbers of molile Oagellates,

The vectar-reservair prables. Two of the
infected species, frafpided and e philetor are
members of the imferaedins-whitmani group
of Phlelaiomus, o specivs complex associated
by South American investigators with cutan-
vous leishmaniasis in Brazil and Paraguay.

Assuming human-infecting sirains of Leisk-
meanig ace involved inoowr series, from the
standpoint of infection rate, frapidor leads
the list of suspected vectors. Thiz species
las heen found in all endemic areas. In
Almirante, where buman inlection takes place
at i brisk rate, frepided is the dominant spe-
cies in biting collections from humans, and
an extremely high proportion of females s
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infected.  If anterior  station  trapsmission
talees place, the joregur infections we [oond
in frapidoi and no other species may be of
significance, The wvirtual absence of frapidof
from Cerrg Campana, where human cases
of leishmaniazsiz have not been reported, alzo
angrestz that frapidel may be necessary for
transmizssion to humans. At Cerro Campani
viephiletor s the dominant sand(y species
with a leplomonad infection rate of 8095
in the one biting collection which we dizzected.
In 41 collections including all seasons of the
vear made at Cerro Campana during Nowv-
ember, 1955, through July, 1960, there were
3302 wlephilefor females und only 42 frapided
females of @ total 3905 lemales of the man-
biting gpecies collected,

We do not yvet know the entive host range
ol any of our convmon man-biting sandities.
Laboratory evidence suggests that gomesi and
sanguinaries have a broad host spectrum.
e impression is that both species prefer
humans to spiny rats, Four genera of opos-
sums [ Calaromvs, Didelphis, Marmoza, and
PMhilander) climbing rats { Tvlomeys), squirrels
{Scinrws), and kinkajous (FPefos) are wery
artractive to sengeinarins. All these animals
except  Phffander  are  readily  accepted by
gomezi. Phitander is fed upon by gomezi ot
in limited numbers. Baby chicks are accep-
table 1o both species and, although reluctant,
gomrest and ganguinorisy will feed in limited
numbers on Syrian hamsters. Baby  white
mice are rejected. Horses are atlractive to
all the man-biting species.

In a feeding trial of sengwimories on i
female woolly  opossum (Cafwromys] with
atlached voung, morve than hall of 46 ilies
werre ohEerved 1o feed on the habies. OfF the
4iy fed females, 29 developed needle crystals
in the blood meal, indicating improper diges-
tion of the meal, and most of these 20 died
within 2 dawvs afler feeding, Nine days later
anocther batch of 29 somgwinering was fed on
the same opossum with the habies shielded
from bites, None of these females developed
needle crvstals in the blood meal. We plan to

L1e

continue  investizgations along this line with
live-trapped animals,

Uniortunately, frapided, the most  likely
suspect, i3 our mast dilfficull species to rear
and feed in the laboratory, so nothing can
b saicd of its host preferences on the hasis of
laboratory experience.

Chur collections at Quebrada  Bonita in-
dicate thal verlehrate reservoirs of
ian leizhmaniazis may be arboreal animals,
Phlehotamus panacmensis,  which  has  the
lowest infection rate of any of the common
man-hiting species, iz also seldom captured
abowe proumd levell Thiz is true even though

*HnAmAn-

the tree platiorm may be only a few wvards
from ground level onoa steep billside. On the
other hand, move fegpided are Tound biting
in the canopy than at zround level, and this
species has the highest infection rare,
Posterior or anterior sbalion Deawsnission?
Ion Old World sandfies experimentally  in-
fected with oreanizms of oriental sore or kala
azar, investigators have found heavy infec-
tions in the midzut, particulacly the cardia,
to bBe the rule. Forward extension of [lagel-
= common, and
occisionlly found  in the
mouthparts. Hindgut infections are rare wnd
wsually  associated  with midezut  infections,
Partly  because of the anterior infections
found in experimentally infected Old World
sandfliez it has been azsumed that the human
leizshmaniazes are tranzmitted by bite, ILow-
ever, 4 Russian worker found many heavy

lates into the pharyns

]'.I:'i]'El."'-[[E‘:.‘i ara

hindeut infections in Phlebofomes wingius
collected  from rodent barrowz and  azsumed
posterior station transmission took place in
Ol World cutaneous leizhmaniasis ( Shoshina,

1953}, Regarding Shoshina's finding of hind-

mut  infections in P omdsndtng, Adler and
Theodor (1037) believed she was working

with a lizard Lefsfomanie. Since in Panaman-
fan man-biting  sandflies leptomonad  infec-
tionz of the hindgul are the rule, it i3 possible
that Shoshina was, indeed. dealing with a
Leisdomania which will infect humans, Her
assumption that hindgut infections indicate
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posterior transmizsion (1o whatever wvertes
brate host)y is not necessarily the case. Wr
have ohserved in our dizssections that leplo-
monarl fazellates are not released from the
anus of dissected-out guts inlo the saline in
any great number even in heavy  hindgut
infections. Only once, Tfrom one of the man-
biting species. a female tragidoed, did we
ohbserve @ (ew Oagellates in the saline, and o
thiz caze the parasites appeared to be crithid-
ial in nature. As evidence that flagellates
in ynbroken, dizsected-out, sandly zuts sy
pass through the anus into the saline, speci-
mens of vespertifionds and teinddadensis n-
fected in the hindgul with irypanosomes and
crithidiae usually do shed fagellates in large
numbers into the surrounding saline. Also
the seneral growth pattern of leptomenads
in 'anamanian sandlies secms 10 be forward
once the infection has been estallished in
the hindgut, and free leptomonads are not
common in the pasterior part of the bindgut,

In faver of the possibilicy of posterior
station transmission 3t muost be added that
[y an unknown mechaniso, liviog, undamaged
gandiies can propel with conziderable force a
drap of lguid which has come from the anus
and which is held by the corci, We do not
thiz ewvent
is initiated. 10 the process begins anterior

know at what point in the zuot

tooor at the receal ampulla (we have seldom
seen (ree leptomonads posterior to the rectal
ampullad, it i probable that available free
Aagellates would be forced out, willy-nilly,
with the fecal drop,

The feeding state of wild-caughi females
transmission

factor o Lhe

potential of a sandfiy species is the number

An  important

of times o female may be expected o feed.
Unlike  the Old Waorld
which is associated with
aricntal sore i certain areds, our o species

species, B ba basd,

fransmission  of

panally lay the egps produced by oone blood
meal belore taking anather, so that Tan-

amanian  man-hiting  sandthies  have lewer

chances o goguire or transmit an iofection
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of Leiskmenia during thelr liletime than s
true of g bafas),

We do nol know
[erences oocur in

whelher  major dif-
Panamanian sandfy  gpe-

cles in the  adult  lie-expectancy  or
the  nuwmber of  timez  a  female  will
take o bBlood meal, At the present time

it cannot always he told which nonblooded
wilidl Oies caught while coming to animal bai
have led previously, AL tmes the proporiion
0i previously fed Ries must he very high, We
assume  leptomonad-infected  females have
fed ar least once, and 1 one instance more
than 409 of a single catch of  frapided
were found mndected, indicating that at least
that proportion of the catch was atlempting
to lake a second or pl;-t']m”f. a third or fourth
Lload meal,

Follicular relics in the ovaries indicate thad
a batch of eggs has been laid: with the ex-
ception of gomezi, which sometimes repro.
duces antogenously, such relics indicate an
earlier blood meal. Unfortunately, casily wis-
ible Tollicular relics arve not always present
in fermales which have laid eges. In the
laboratory 3 or 4 davs after egg laving all
olwions dizappeared
fromm the ovaries. Since time is of essence in

evidence usually  has
our diszecting schedoale we have not applied
refined methods of ovarial examination which
might reliably indicate whether prioe aviposi-
Linn has oeeurred,

The presence of wranules in the lumen of
the accessory glands of the owvaries is said to
give a fair indication that a female zandfly
has oviposited previous to examination. Lewls
and Minter (19600 gave a review of the Old
World Titerature on this subject, The same
authors suggested  that in most
individuals of Easzt African species the pres-

nonEravid

ence of grunules in the accessory glands in-
dicates prior oviposition. Since their observa-
tions  were made on owild-caught dlies, we
that their statement iz hased on
corroborative evidence offered by the presence
of fallicular the fliez which had
sranules in the accessory glands. In labora-

ASSLEIC

relics in
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torv-reared  Panamanian sandtlies  sranules
may be presenl or absent with oo regard 1o
the parouz or nulliparous condition of the
fernale, That the same iz true of wild-caught
fernales zeems evident since acceszovy gland
sranules may be abundant, scarce, or absent
in leptomonad-infected
examination of the condition of the accessory
dlands does oot aid in determining whether
females of 3 Panamanian species of Phlchata-

females. Thus an

s have or hawve not fed  previously,
Taking the presence of leptomonads as
evidence of a previeus blood meal, certain
conditions of the gut and its associated struc-
tures in infected Dics may give indications of
the physiological state, Often Lthe secretory
cells of the Malpizhian tubules of infected
females are mainly  hyaline with  granolar
nutterial present only aleng  the basement
membrane, aod the lumen is small, clear, and
lacking granular material. We assume that
the eges are laid about 4 or 5 days after a
previous meal, as in the laboratory ;s that the
wild female almest immediately seeks a new
Belooed meal: and that Malpighian tubules o
the condition desceibed are probably found
in Hies 4 or 5 days after a blood meal. We
have observed that almost immediately after
a Il Blood meal wilid-caueht females dis-
charee the accownulation of & granular ma-
terial feom the AMalpighian tubales, Probahly
a build-up of waste material in the secretory
cells follows the discharging state, resulting
first In lurge partly hyaline cells, followed by
formeation of sranular waste within the entire
cell, the eventual extrusion of such granules
to Lhe enlarging huoonen, and, completing the
cyvcle, fnal discharge of the sranules at the
time of a new bloowd meal. This process i3 not
matched  in laboratorv-reared  females. In
laboratory-reared  females, byaline excretory
cells are not common in individuals of any
age or [eeding slate, Forty-live laboratory-
reared sengninaries which had fed 5-12 days
previons  to o dissection lacked partly
hvaline cells in the Malpichian tubuoles, Tour

any

fermales in the same group bad some of these
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cells partly hyaling, and no females had a
majority of the secretory cells partly hvaline
Laboratory-reared females usually die after
the first oviposition, and one might speculae
that n  physiological
disposal could be & contribuling cause.

deficiency In waste

In o small number of cases the cyvtoplasm
of the midgur wall was nlled with laree,
round, refractile globules or granules {(Fig. 6.
These individuals were mostly gosezi with
an occasional frapider or wepfiletor, Further-
more, neirly all such specimens were infected
with Dagellates. (This led us o take this
phenomenon as a sign of probable infection,
which was usually confirmed on further ex-
amination. ) Tt was later found that similar
globules appear in the mideae wall of labora-
tory-reareidd  gomezs, bul not seegwimarins,
about 3 dayvs after feeding in the laboratory
Cmatspials, rodents,
carnivores)  and  usually disappear & or 7
daws alter feeding, These cyvtoplazmic inclu-
sions in owild-caught sandRiez thus probably
indicate a recent blood meal, but we have no
explanation for the dispropoctionately  hizh
infection  rate  in females  exhibiting

onl various  animals

this
[rhenomenon.
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