to prevent contact by the vector.

American leishmaniasis is a disease of high morbidity and low
mortality. Immunization procedures have proved to be com-
pletely ineffective. At the present time control appears possible
only threugh the use of pretective clothing and repellent agents
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’Em leishmaniases constitute a group of inlec-
tions of eertain animalzs and man caused by
flagellated protoroan  parvasites of the genus
Letaiomanie, These nclude (1) kalaazar, or
visceral leishmaniaziz, of man and canine species,
caused by Leishponin dowovend, which iz preva-
lent from the Mediterranean areas wesiward to
Morthern Ching, southward into the Sudan and
Eazt Afriea, and which oceurs also in Brazil
and other countries of Latin America; (2)
Culansous leishmaniasiz, cauzed by Leishmoanin
tropiea, distributed from  the DMediterranean
through the Middle East into India; {3) Ameri-
can cutaneowsz and muco-cutaneons leishmaniasis
(L. brozitiensis), which is found only in Latin
America, A fourth may be added, the so-called
“lepromatona”  leishmaniasgiz  which oecenrs in
Yemezuela, Bolivig, and Peru.

Ditferential Diagnosis

The problem of differentiation between {he
species of Lelghmando that parazitize man has
oecupied the attention of investipators for many
vears, This iz especiully true of the ones causing
eutaneous disease. Actually, the different species
are morphologically indistinguoizshable one from
another, and present day classification iz based
primarily on the clinical pieture and types of
lesions which are produced.

Many attempts have hoeen made to differentiate
the different Leizhmaniae through the nze of
serological methods but the results have heen

conflicting. Noguchi in 1924 published results on
the cultivation of L. bresiliensis, L. troplea and
Lo donoveni in media containing homologous and
heterologous sera and concluded that the three
species were zerologically distinet. A vear later
Kligler published resulls which concurred swith
those of Noguchi. Buf, in subsequent vears, ["on-
geca (19320, Chodukin (1935), Da Cunha (19429
and Mohivddin (1952}, reporied that because
of a common antizen they were unable te sepa-
rate the wvaries species of Leishmosnie by sero-
logical methods, Recent work by Pifano (19600
using a maodified agglutination reaction; Herlig,
et al. (19G2) employing immuno-diffusion tech-
nigues, and Adler {1963), by culiuring on zemi-
golid media incorporating with homolorous and
heterologous sera, have indicated that species
differentiation is posaible by immunclogical pro-
cedures,

At the present time, then, the organiams cauns-
ing American cutaneous leishmaniasiz are con-
sidered to be separate and probably  distinet
species from lhoze of the old world., Three
species  have heen proposed for the Western
hemisphere parasites; Lelshmanie brogiliensais,
Letshmonia broziliensiz pifanci and Lelsfononia
mepicand, Aside from the fact that they are
probably serclogically wvalid species, each one is
associated with a rather charvacteriglic clinical
and pathological picture and has a somewhat
different peographical disteibution.

Leishmotie mericana produces lesions which



are generally confined to the pinna of the ear,
canaing mutilation and destroetion of Lhis ap-
pendage. These lesions are referred to as “chic-
lere uleers” because they ocour quite commonly
in laborers who collect chicle gpum. Its distribu-
tion is generally limited Lo lower Mexico, Guale-
mala, and Honduras., Leishwonin  bragiliensis
pifenoi { Medina and Romero, 1957} is associated
with a nodular infiltralive type of skin lesion
which rarely or never nleerates and superficially
resembles lepromatous leprosy. Pavasites are
usually abundant in the lesioms. The infected
individual dees nol react to intradermal antigens
made of the other species of leishmanias and re-
sponds very poorly to therapy. This iype of
leishmaniagiz iz found in Venezuela, Peru, and
Bnlivia, The third species, Letahmaonic brozilien-
gig, is much move protean in its pathological
manifestationg, producing, in addition to a wide
variety of cutaneous lezions, the very deslructive
and often fatal muco-cutaneons lesion referred
to az Espundia, in which the soli lizsue of the
nose, the naso- and oropharynx and larynx are
destroved, Thiz speciez often invades the saper-
ficial lvmphatics draining an nleeraled lesion,
and in so deing can simulate the sporotrichosis
complex of a primary ulcer and associaled nodu-
lar lymphangitia,

Animal Reservoirs

Epidemiclogically the leishmaniaszes ol  lhe
weslern hemisphere appear to be disesses almost
exclusively of rural and foresl areas where they
probably oecur in endemic form In a wvariety of
roedent species and arve transmitled by Phleboto-
mas sandfiies. Human infection iz commonly ae-
guired in association with the jungle, without
the previous existence of & human souree of in-
lection, This points with considerable certainty
to the fovest origin of thz diseuse, where the
apoeifie parasite can cireulate without interrap-
Lien from one vertebrate reservoir to another by
means of the FPllebofenius vectors.

Orver o period of many vears many investigators
have attempted to demonstrate a forest animal
reservoir of American cutancous leishmaniaziz.
Infections in dogs were firat veported in Braxil
by Pedroso in 1912, and zomelime later Mello,
also in Brazil, neled an infection in a cat. Subse-
quently many reports of natural infections in
domeslic animals appeared in the literature;
Mazza  in Argenting, Pifano in Venezuela, Me-
dina and Romero in Venezuela, and Herrer in
Peru reporting infections in dogs, Herrer (1945)
noted a paraillel bebween human infections and
those in dogs, slating, however, that the incidence
in canines was always lower than in humans, He
found no infections in other domestic animals
and, likewize, none in wild animals.

Tntil 1956, all attempls, by many investiga-
tors, to demonsirate Leishmonia in wild animals
of the western hemisphere resulled in failure. In
that year Johnson, Hertig and Fairchild re-
porled, from Panama, the first sueeessful isola-
tion of Lefshmandic from a wild Forest host. In
February of that vear a Letshmonio was recov-
ered in culture from the blood of a spiny rat,
Proechiniys semidspinosis ponancensis, Thiz strain
of Leishunonia was subsequently inccnlated into
a human valunteer with the produciion of a
typical eutaneous lesion [rom which the para-
aitez were demonslrated in smears, coltures and
tiszue seclions,

I the following vear (19373, the same group
isplated Leishmonie from 21 of 200 Proechimps
semizpinesis by means of bloed culture. The ro-
dents were collected from six endemic foci. In
spite of intensive seaych of smears and section,
thev were unable to demonstrate parasite in any
tissue site. Tn 1958 not one of 130 Procchimys
was Tound poesitive, bul an isclation was obtained
from one of 14 Heplomys gymawres, Since then
no pozitive cultures have been obiained from
either of these two rodenis, and moreover inten-
sive zearch Tor Leishmonde in hundreds of wild-
caught animals of some 35 different species has
proved fruitless,

Following on the work of the Panama group,
Irorattini in 1960 reporied hiz stodies on 928
wild-caught animals in Brazil. Of the tetal, 881
were rodent species vepresenting nine peners and
47 were Drom other species of mammals, In the
raodent group three isolastions of Ledshmonia were
abtained by blood eculture, one from Kesia-
batesmye amblyonyy (tree rat), a second from
Cundeslus poea {spolted agouti), and a third
from Daspprocle azerde {agouti). The Dasy-
proeln qgzoree show an extensive lesion of the skin
aboul the nose from which Leishianie were iso0-
lated. Tater in the same vear Alomar, et al,
(19603  reported one successful isclation of
Letahinnnie in hlood culture Trom Ratius reflus
wleaandrings. In their studies 39 wild rodents of
four genera were negative, The positive isola-
Lion came from a group ol 153 domestic rats of
Lwo zenera.

While the search for wild animal reserveirs of
leishmaniazsiz continued, no furiher suecessful
attempts were reported until 1962 when Lainzon
and  Strangways-Dixzen  in British Honduras
found Leishmania in six of 13 Afofylemys sp.,
ane of seven Peromyscus sp, and three of 44
Heteromys sp. The lesions were restricted, in all
cases, to small whitish aveas on the fail which
were found to contain Lelshmaniz in variable
numbers. The organisms were inoculoted into
hamsters and mice, and dermal lesions identical
to thoge produced by human strains were ob-



tained. A human volunteer was inoculated with
the eulture forms from a Peromiseciws sp, and a
typical lesion developed al the inocuolation site.
They examined 350 wild animals of other species
with negative resulls. Unofficial reports  from
the Belem arvea of Brazil apparvently confirm the
findings of Lainzon and Strangwavs-Dixon in
that rodents exhibiting the same type of lesions,
containing Lelshoanide, have recently been found.

FProm the evidence just presented it can be
concliuded, with some caution, that vodents can
gerve ng animal rveservoeir hosls for the different
species of Lelshmanie in Latin Ameriea, bul
whether they will eventually prove to be the frue
reservoir hosl ig problematical. In none of the
published reports on the finding of infected ani-
mals in the Western hemisphere has theve bDeen
any mention of an asseciation with Phlebotomus,
the prezumed vector, and no transmission stadies
have been earvied out. These two rather funda-
mental problems in the epidemiology of leish-
maniasis remain essentially unsolved,

Vectors and Transmission

I has been generally assumed Lthat Pllefoio-
mus sandilies are the mast likely vectors af
cutaneous leishmaniasiz in Lalin America. This
is known to be the case with the old world
leishmaniases where {franamizsion has actually
been accomplished through the bite of infected
flies,

The earliest investigation on the experimental
tranamission of leishmaniazizs in the Western
hemisphere was made by Aragao in 1922 during
a sludy of an epidemic of the disease which ap-
peared in a forested ares near Rio de Janeiro.
Thiz investigator allowed wild-canght specimens
af Philebotamas infervmeding to feed on the border
of human lesions, and demonztrated the meotile
leptomenad stage of the parvasite in the stomach
of lhe [lies three days later. These were inocu-
lated inte the skin of & dog's noze and a lesion
wiaa produced.

In 1940 Pifano found that five of 72 Phiehotao-
s paniiieisis, which had been canght feeding
on the border of an uleer, were inlected with
flagrellates which he presumed were Lefshaanio
bragilicnsis, He later encountered one Phiehofo-
s lemgipalpis and lwo Phlebolomus migonet
naturally infected with flacellates.

FPesson and Pestana (19400 also found natureal
infections of leptomonad Dapellates in Phleboto-
#is migonel caught in endemic areas of the
State of Sac Paulo, Brazil.

Continho and Barrele, in 1948, examined a
total of 11,393 Phlebotowmue from an endemic
area in Brazil and found 28 infected with leplo-
manad flagellates, Three species of sandfiies were
represented: P.oqehifmand, 4940; P, sigoned,

aTd2; P.opessopd, 2711, The over-all infeetion rate
was 0230

Forrattini and Doz Santos (1952 and 1954)
in the conrse of a study in Sao Paulo found one
P, whilmand infected with flagellates in 104
specimens and no infections in 6723 P. dnder-
mreding,

The most eareful and complete study on the
natural infections of leptomonad agellates in
Plrlebotomns was reported by Johnzon, MeCon-
nell and Hertig in 1963, In their search for veeo-
tovs of leizhmaniasis in Panama they dissected
and examined for leptomonad flagellates over
0G0 wild-caught Temale Pllebolomus., They
lound natural mfeetions in 416 out of a total of
4,261 females of six of the seven man-hiting
apecies O gomezi, P, poldmetsis, Poosdhguin-
aris, P shennont, P fropdel and P glephiletor) .
[nfected sandlies were found in each of five en-
demic areas and in fwe areas in which no human
casez had been reported. The over-all infection
rate was 2.5%. The lowest infection rate was
1.9% in P ponanensis, and the highest 15.49%
in P, oiropidel. They also reporied = higher in-
fection rube, 10.G%, in the specimenz collected
during the rvainy season (June through Decem-
ber) than in those collected during the dry sea-
som, 4. 1%, Altheagh the souree of the leptomonad
infections was unkoown, the vertical distribution
of the species in simuoltanecus ground-level and
tree platform catches, topether with differential
infection raltes, sugrested that the source may
have been arboreal animals, In culture the mor-
phology of the leptomenads was similar to L.
Fragilienstz, and lesions prodoced in the hamster
by inoculation of bwo of the sandily strains were
similar to these produced by Panamanian strains
al L. braziliensis izolated from human lesions,

Actual transmission of leishmaniasis by the
bite of Phlebotonus sandliez has heen reported
only twice in Latin American literature.

In 1962 Ceelho and Falean, working af the
Centre de Posguizaz in Bele Hovizonte, Brazil,
reported  two experiments in which hamsters
were infected with L. mesfeana by the bite of
sxperimentally infected sandilies. In the first of
these experiments a hamster was exposed to the
bite of 27 P. longipalpis five davs after an in-
fective meal. Twelve or 44,49 of these sandflies
were found infected and seven had organisms in
the anterior cardia or the pharynx. The exposed
hamster developed palpable suheulaneouz nodules
some five months later. Tn the second experiment
a clean hamster was exposed to the bite of 20 P
renei seven days after feeding on an infected
hamster. Eighteen of these sandflies or 9%
were shown te be infected, and in two the flapel-
lates were located in the anterior cardia and
pharynx. The hamster developed lesions which



were demonstrable at about five months, In both
hamsters paraziles: were recovered from the
lesions.

Lainson and Strangways-Dixon (1982}, in
British Hondurasz, successfully infected one ho-
man volunteer by Lhe bite of P, poroensis Four
dayvs after it fed on an infeeted hamster. The
lesion in the human volunteer developed in 17
daye, Attempts fo ftransmit the disease hy P,
wleplidlelor and P. gentewlatus were unsuccessful,
although infected individuals were used in the
leeding experiments.

These transmission experiments, although in
need of confirmation, appear to strengthen the
hypothesis that the American [eishmaniases are
transmitied by Phlebotonis sandflies,

Human Infections

It can be stated almost categorically that hu-
man infection with Letshmonia in the Western
hemisphere is acguired only in assoeiation with
forests, There 15 one exception to this statement.
Tt the szo-called “TMta” zene of Pern forests are
nonexistent. This region oceupies the highland
of the country at altitudes of 1200 to 2,800
meters, It is a vocky desert fvpe of landseape
where caclus replaces the iropleal vegetation of
the low lands, Leishmaniasis in this area is
equally distributed between inhabitants of the
villages and the eountry population. It is pri-
marily a cutaneous infection and only ravely sire
the muco-entaneous lesions manilesied,

In the remainder of Ceniral and South Amer-
ica inleetions are seen only in individuoals who,
in the pursuit of their daily cceupations, are re-
guired to visit or work in tropical forests: far-
mers, loggers and woodeutters, road building
perzonnel, homesteaders, land development per-
gonnel, seientizts, hunters and missionaries; even
the oeeazional tourist may be incladed here,

American leishmaniaziz iz a dizegse of high
morbidity and low morlality. The populations at
greatest risk arve the peasant farmers and home-
steaders who by reason of their economic status
will resort to home treatment or administration
of “euranderas™ before seeking medical aid and
when finally seen by & doctor are wery offen
temperarily crippled by their disease, Those that
are fortunate (or perhaps unforiunate) cneangh
to aflect a cure of their cutaneous lesions will
oiten develop in time (three to 15 vears) the
insidious  destructive muco-cutancons  lesion

which produces permanent disability and may
even lead to death,

It 1z generally accepted that the muco-cutane-
ous dizease iz probably a late manifestation of
the cutaneous form caused by L, braziliensis and
reflects improper early treatment. Clinical ex-
perience in Panama indicates that in oa preat
majority of cutaneons caszes the parasite iz not
confined to the wvigible skin lesions but invades
widely along the superficial lymphatics, Adler
haz demonsirated that in such cazses, parasites
can oceasionally bhe found in the apparently nor-
mal mueosa and cartilage of the nasal passages
where they can presumably remain dormant for
long pericds of time (up to 15 years), and then
under the influence of unknown stimuli become
active and produce widespread, destructive le-
sionzs which ean even extend into the upper
traches.

It is not difficult to understand the very real
need for providing adeguate trestment for all
cases of cutaneous leishmaniasis in areas in
which the muco-cutancous complication also
OECrs,

Caontral

The basic obijcctive in the prevention and/or
control of human arthropod-borne disease iz, of
course, protection against the introduction of the
parasite into the host. This can ordinarily be
aceomplizhed in a number of wavs:

1. Tlse protective clething and bed nets.

2. Make the host anatfractive to the vector by
nae of repellent apents.

3. Destroy the insect vectors through insecti-
cides, destruction of breeding areas, ele.

4. Destroy the animal reservairs.

5. Immunize the human host.

In human leishmaniasiz the first two methods
offer the only rveazonable possibilities at the
present time. The difliculties of destroying the
veclors or animal reservolrs are obyvious and need
little comment. Hertig points out that Phleboto-
wis sandilies are very suzceptible to insecticides,
particularly DT, and under certain circum-
stances its use would be effective in the immedi-
ate vicinity of forest dﬁ'{rllingﬂ. Its wiilization in
the “Uta” zone of Peru proved Lo be rvelatively
affective.

Immunizalien procedures have proved lo be
completely ineffective in the control of American
leishmaniases.
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