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Comparative study of biological characteristics
of the causal agents of zoonotic
and anthroponotic cutaneous leishmaniasis
in the USSR*
V. M. SAF'JANOVA1 & t. I. ALIEV2

A comparative study was made of the virulence of Leishmania tropica major and
L. tropica minor, the causal agents of the zoonotic and anthroponotic forms of cutaneous
leishmaniasis, from the USSR and their antigenic characteristics were compared with those
of other Leishmania species (L. donovani, L. adleri, andpromastigotes from Turkmenian
reptiles). The virulence of strains of L. t. major was slightly higher than that of strains of
L. t. minor. However, the difference in virulence gradually levelled out in successive multiple
passages of the strains in hamsters. A comparative serological study ofL. t. major and L. t.
minor revealed clear antigenic differences between them. The differences between L. t.
major, L. t. minor and L. donovani were shown to be equal in degree.

There are two forms of cutaneous leishmaniasis in
the Soviet Union (1-3), where the disease is of
considerable importance:

(1) Anthroponotic (late ulcerative) cutaneous
leishmaniasis. This form is characterized by a long
incubation period, lasting from 2 months to 2 years
and more, and by the very long and clinically
pronounced course of the disease. Man is the main
reservoir of the causal agent.

(2) Zoonotic (acute necrotic) cutaneous leish-
maniasis. This is characterized by a comparatively
short incubation period lasting 1-4 weeks. The period
of clinically pronounced disease lasts 2-6 months.
The disease is a typical zoonosis with natural foci.
The main reservoir of the causal agent is a desert
rodent, the large gerbil (Rhombomys opimus).
The existence of two types of cutaneous leish-

maniasis was first noted by Russian authors (1, 3, 10).
* From the Vector Laboratory (Head: Professor P. A.
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It was later found that the distribution of zoonotic
cutaneous leishmaniasis extends beyond the borders
of the Central Asiatic Republics of the USSR. In Iran
a "wet " form that differs clinically and epidemiologi-
cally from the cutaneous leishmaniasis of the central
plateau was found in the north and north-east (4-5).
In recent years the epidemiology of this form has
been studied in detail by investigators at the School
of Public Health, University of Teheran (6-8). There
is reason to believe that this " wet " form is identical
with the zoonotic cutaneous leishmaniasis of Central
Asia.
The causal agent of cutaneous leishmaniasis was

first discovered and described by Borovskij (9) in
1898. On the basis of differences in parasite morpho-
logy observed by light microscopy, Jakimov (10)
suggested that the organisms causing the two forms
of cutaneous leishmaniasis (late ulcerative and acute
necrotic) should be regarded as independent sub-
species, Leishmania tropica major Jakimovand L. trop-
ica minor Jakimov. It has been shown that L. t. major
and L. t. minor behave differently in mammals (1,
11-17) and sandflies (18-19).
Meanwhile it has been pointed out (20-24) that

differentiation between L. t. major and L. t. minor
according to morphological criteria is inexact, that
cross immunity between the two forms may occur,
and that clinical forms intermediate between zoo-
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notic and anthroponotic cutaneous leishmaniasis are

sometimes seen. Thus the question whether it is
justified to consider the causal agents of zoonotic and
anthroponotic cutaneous leishmaniasis as two sep-
arate taxonomic entities-and the two forms of the
disease as nosologically distinct-remained un-
settled, largely for lack of generally accepted criteria.
The present authors have explored the antigenic

characteristics and the virulence of L. t. major and
L. t. minor, which were compared with other species
of Leishmania (L. donovani, L. adleri, and promasti-
gotes obtained from sandflies and reptiles).

MATERIALS AND METHODS

Fifteen strains of Leishmania were used in the
study (Table 1). The strains were maintained on
NNN nutrient medium with an enrichment liquid
and by infection of golden hamsters (Mesocricetus
auratus).

Virulence
The virulence of Leishmania strains was studied in

golden hamsters aged 2.5-3 months. Each hamster
was inoculated in the skin of the concha of both ears

Table 1. Strains of Leishmania used in the study

Strains Date of(conditional Source Where isolated isolation
designation)

L. t. major

VI a patient Sabirabad, Azerbaidian SSR 24 Nov. 1967

VIl a patient Baku, Azerbaid±an SSR 29 Nov. 1967

60 patient lolotanskij District, Nov. 1965
Turkmenian SSR

T-T gerboa Nitnesurhand'inskij focus, 19 May 1966
Uzbek SSR

5-P great gerbil Imam-Baba, Turkmenian SSR Nov. 1966

B-43 Phlebotomus papatasi Nitnezerav§anskij focus, July 1966
Uzbek SSR

L. t. minor

IV patient Baku 2 April 1966

IX patient Baku 29 Jan. 1968

X patient Baku 1 Feb. 1968

L. donovani

III patient Baku 28 Mar. 1966

V patient Baku 3 Dec. 1966

V.L. sick child lolotanskij District, May 1964
Turkmenian SSR

L. adleri

lizard
No. 7 b (Latastia Kenya 1958

longicaudata
revoili)

Promastigotes from
Turkmenian reptiles

Ag Agama sanguinolenta Imam-Baba, Turkmenian SSR Nov. 1964

8 Sergentomyia Imam-Baba, Turkmenian SSR July 1962
arpaklensis

Perf.

a Strains isolated from patients infected in summer 1967 with zoonotic cutaneous leishmaniasis
while doing seasonal agricultural work in the Turkmenian SSR.

b Kindly given by Dr B. A. Southgate, Medical Research Laboratory, Nairobi, Kenya.
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with a 0.2-ml suspension of promastigotes grown in
culture for 10-20 days. Each inoculated dose con-
tained between 88 500 and 215 100 promastigotes.
After inoculation, the hamsters were observed for at
least 1 year (in some cases, until they died).
The virulence of Leishmania strains was evaluated

by the following criteria: (1) the incidence of infection
in hamsters after inoculation of promastigotes;
(2) the duration of the incubation period; (3) the
pathological effect, i.e., the size of Leishmania lesions
in relation to the whole surface of the ear, and the
proportion and size of ulcerated lesions; (4) the
duration of the pathological process. The specificity
of the lesions was confirmed by isolation of Leish-
mania in nutrient medium and by taking smears.
To study the virulence of Leishmania two series of

experiments were carried out. The first series was
designed to elucidate the relationship of (a) the
incubation period and (b) the severity of clinical
manifestations in hamsters to the duration of previ-
ous culture of L. t. major and L. t. minor in vitro.
Hamsters were infected with strains of L. t. major
and L. t. minor (Table 1). Substrains were isolated
from the infected animals and were used to infect
hamsters, both in the freshly isolated state and after
cultivation in vitro for different periods of time.

In the second series of experiments, we studied the
changes in the duration of the incubation period of
the disease in successive passages of L. t. major and
L. t. minor in hamsters. In this series, only freshly
isolated substrains were used.

Serological studies
The antigenic characteristics of Leishmania strains

and the extent of their serological relationships were
studied using Adler's test (25-27) as modified by
Saf'janova (28-29).
The essence of the modification lies in the elabora-

tion of a method for the quantitative evaluation of
the findings, enabling them to be expressed as a
single value. This evaluation is based on three indices
of the growth of promastigotes on nutrient medium
in the presence of immune sera: (1) the highest serum
dilution at which colonies of parasites are observed;
(2) the lowest serum dilution at which free motile
promastigotes of normal form are observed; (3) the
serum dilution at which the number of free motile
promastigotes approaches that in the control culture.
The effect of the antisera on the growth of promasti-
gotes is evaluated for each of these criteria on a scale
rising with the serum dilution from 1: 5 (1 point) to
1: 10 240 (12 points). The overall result of the test is

expressed as the sum of the scores for the three
criteria.
The degree of relationship between strains is calcu-

lated as follows. For every antiserum the total test
score with the homologous strain (titre) is taken as
100%. Scores obtained for the interaction of each
antiserum with heterologous strains are expressed as
percentages. The data obtained are conditionally
divided into four groups representing four degrees of
antigenic relationship between strains: 1st degree,
76% and above; 2nd degree, 50-75%; 3rd degree,
26-50%; 4th degree, below 26 %. When a 1st-degree
antigenic relationship is confirmed by cross tests, the
strains concerned are regarded as identical.
The immune sera used in the study of antigenic

characteristics were prepared in rabbits weighing
2.5-3 kg., which were given 6 intravenous injections
of live cultures of promastigotes at intervals of
6 days. The sera were obtained on the 10th day after
the last injection of the antigen.

RESULTS

Virulence
When hamsters were infected with freshly isolated

substrains of L. t. major pathological lesions were
more severe than when they were infected with L. t.
minor (Table 2). Large and solid infiltrates appeared
on both ears of the hamsters, sometimes covering the
whole surface. The later stages were accompanied by
ulceration of the infiltrates, necrosis, and acute
marked deformation of the ears. At the animals'
death, the ulcers were still not fully healed. Some-
times the ulceration of the ears after infection was
followed by large secondary infiltrates with subse-
quent ulceration.
On the ears of all hamsters infected with L. t.

minor, infiltrates appeared that were at first small,
flat and soft, with a peeling surface. However, they
later became very large, extending over the whole
ear, although, unlike the lesions induced by L. t.
major, they remained soft. Ulceration was observed
in only a few cases in animals infected with freshly
isolated substrains.
The data indicate that the substrains of L. t. minor

investigated were less virulent for hamsters than was
L. t. major. This is confirmed by the longer incuba-
tion period in infections with L. t. minor, and by the
marked prolongation of this period when the
pathogens had previously been cultured in vitro
(Table 2).
As a result of successive passages of L. t. major

501



V. M. SAP'JANOVA & B. I. ALIEV

Table 2. Results of tests on infection of hamsters with substrains of L. tropica major
and L. tropica minor when inoculated after different periods of cultivation in vitro

Clinical signs D Parasitological
No. of No. of ___________Duration of confirmation

Substrains passages hamsters incubation Presence ofin vitro inoculated No. of Ulcera- period Isolated Leishmaniainfiltrates tions in culture in smears

L. t. major

T-T 0 4 8 7 9-15 + +

8 6 3 1 25 + -

11 6 12 9 70-80 + -

19 2 2 - 29-74 + -

25 2 2 - 120-130 + -

29 4 - - - -

41 20 - - - -

B-43 0 4 8 8 7-20 + +

6 6 12 12 25 + +

VIl 0 4 8 8 14-25 + +

2 4 8 8 20-27 + +

5 2 4 4 31 + +

18 4 6 - 120-165 + -

L. t. minor

IX 0 4 5 1 35-62 + +

2 2 4 - 88-91 + +

9 2 2 - 146 + -

X 0 4 8 2 27-54 + +

2 2 3 - 78-91 + -

9 2 4 - 380 - -

strains in hamsters clinical manifestations became
more pronounced and the number of animals with
severe lesions increased. Five hamsters infected with
L. t. major (substrain T-T after the 6th and 7th
passage and substrain VII after the 2nd and 3rd pas-
sage) showed symptoms of generalized infection.
From one of them (infected with substrain VII after
the 2nd passage) Leishmania was isolated from the
spleen at the same time as from infiltrates on the
ears.
When hamsters were infected with L. t. minor

(strains IX and X), the disease showed the character-
istics observed in the first series of tests up to the 3rd
passage. In subsequent passages of these strains the
clinical manifestations gradually increased, ap-
proaching those found in L. t. major infections. One
hamster (substrain IX after the 4th passage) showed

symptoms of generalized infection, and Leishmania
was cultured from its liver.

Fig. 1 shows that in hamsters infected with sub-
strains of L. t. major the incubation period in the 2nd
to 4th passages was reduced nearly to half that in the
1st passage. The incubation period also decreased in
successive passages of L. t. minor strains, but even by
the 5th passage it was still longer than in the
corresponding passage of L. t. major.

Antigenic characteristics
Strains cultivated in the laboratory for periods

varying from several months to several years were
used in the serological study. Among them were
highly virulent, weakly virulent, and avirulent
strains.
The survey demonstrated that the total scores in
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L. trojpica major

Strain B-43 Strain VIl

Kn
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Fig. 1. The dependence of the length of the incubation period of L. t. major and
L. t. minor on the number of previous passages of the strain in hamsters.

cross tests undertaken with different strains within
each Leishmania species and subspecies studied
showed no significant differences, i.e., the strains
were serologically identical (1st degree of antigenic
relationship).
The serological identity of strains of Leishmania

within each species and subspecies made it possible
to calculate the arithmetical mean of the total scores

(with standard error). The data (Table 3) show that
all the species of Leishmania studied are clearly
differentiated on the basis of growth inhibition by
specific antisera. The arithmetical mean of total
scores in heterologous tests in all cases differs
significantly from the corresponding means in ho-
mologous tests.

In order to determine the degree of antigenic
relationship of Leishmania strains, the arithmetical
means of total scores were compared; the degree of
relationship is illustrated in Fig. 2. As can be seen,

Leishmania species are divided into two distinct sero-

logical groups according to their antigenic charac-
teristics. To the first group belong the parasites of
mammals (L. t. major, L. t. minor, and L. donovani),
to the second the parasites of reptiles (L. adleri and
the strains of promastigotes from Turkmenian rep-

tiles). Between different elements within each sero-

logical group there is a 2nd-degree antigenic relation-
ship; between elements of different serological
groups there is a 3rd- or 4th-degree relationship.
Cross tests show that L. t. major, L. t. minor, and
L. donovani stand at an equal (2nd-degree) antigenic
relationship to each other.

E.@)~~~~~~CL. t, Eio .11Z 2.2~~~~~~~~~ !9 .z.2_//aL..donovan;~~~ 4 EEgU/;61

. Ea
= QXa

L. adleri

Promast'igotes
from Turkmenian 15.15 112.8 16.8

reDti les

Fig. 2. Relative indices, in percentages, of the degree
of antigenic relationship between Leishmania species
and subspecies, as calculated from total scores in
homologous and heterologous serological tests. Black
squares, 1 st degree of antigenic relationship (1 00-76%);
shaded squares, 2nd degree (75-51 %); stippled
squares, 3rd degree (50-26 %); white squares,
4th degree (25-0 %).

DISCUSSION

In the study, strains of L. tropica major and L.
tropica minor the causal agents of two forms
(zoonotic and anthroponotic) of cutaneous leish-
maniasis in the Old World were shown to differ in
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Table 3. Arithmetical mean of total scores, with standard error, obtained in homologous
and heterologous tests with different species and subspecies of Leishmania

Score in Score in Level of
Antiserum homologous Antigen heterologous signifi-

test tests cance a

Mammalian Leishmania

L. tropica major 23.3 ± 0.25 L. t. minor 15.56 i 0.26 0.00

L. donovani 15.5 ± 0.76 0.00

L. adl/rn 8.0 ± 0.83 0.00

Promastigotes from
Turkmenian reptiles 3.53 i 0.34 0.00

L. t. minor 22.44 + 0.48 L. t. major 14.83 i 0.22 0.00

L. donovani 15.0 ± 0.31 0.00

L. ad/eri 6.375 i 0.12 0.00

Promastigotes from
Turkmenian reptiles 2.875 ± 0.30 0.00

L. donovani 27.11 ± 1.02 L. t. major 17.33 ± 0.68 0.00

L. t. minor 18.625 ± 0.12 0.01

L. adleri 10.0 ± 2.00 0.00

Promastigotes from
Turkmenian reptiles 4.56

±
0.695 0.00

Reptilian Leishmania

L. adleri 27.0 ± 0.41 L. t. major 8.0 ± 0.14 0.00

L. t. minor 9.0 + 0.00 0.00

L. donovani 12.5 i 1.50 0.03

Promastigotes from
Turkmenian reptiles 18.5 + 1.00 0.04

Promastigotes from 24.25 1.08 L. t. major 3.875 ± 0.47 0.00
Turkmenian reptiles

L. t. minor 3.06 i 0.28 0.00

L. donovani 4.0 + 0.32 0.00

L. adleri 15.375 ± 0.37 0.01

a Level of significance of difference between scores in homologous and heterologous tests.

virulence in experimental infections in hamsters,
strains of L. t. major being slightly more virulent.
However, the differences are not stable. They are
purely quantitative in character and gradually even
out in successive passages of the strains in hamsters.
Thus it is clearly impossible to use this criterion as a
cardinal characteristic for the differentiation of L. t.
major and L. t. minor.
The antigenic characteristics of Leishmania appear

considerably more stable. An earlier investigation
by Aliev (30) showed that the serological character-
ization of Leishmania strains had not essentially

changed after cultivation. Similar observations have
been made by other workers (31-32).
We consider that because of their stability the

antigenic characteristics of Leishmania can be suc-
cessfully used as one of the principal criteria for the
differentiation of species. This is supported by the
results described in this article. It was shown that the
causal agents of zoonotic and anthroponotic cuta-
neous leishmaniasis found in the southern republics
of the USSR are antigenically distinct. Moreover,
they differ from each other as much as both differ
from the causal agent of visceral leishmaniasis,

504



LEISHMANIASIS IN THE USSR

L. donovani (strains isolated in the Turkmenian SSR
and Azerbaid1an SSR).

Studies in recent years have indicated that there
are essential differences in the biological characteris-
tics of the causal agents of Old World cutaneous
leishmaniasis, the whole group of which may be
conveniently named Leishmania tropica sensu lato.
Lisova (18) showed that the causal agents of
zoonotic and anthroponotic cutaneous leishmaniasis
(L. t. major and L. t. minor) in the USSR could be
differentiated by xenodiagnostic methods, as L. t.
major is well adapted to Phlebotomus papatasi, while
L. t. minor does not infect this sandfly. On the
other hand, Central Asian strains of L. t. minor
evidently differ essentially from the causal agents
of oriental sore, the strains of L. tropica from
the Near East and Mediterranean region. Strejan
(33) demonstrated that L. t. minor does not grow on
some nutrient media favourable for the growth of
Mediterranean strains of L. tropica. Adler & Foner
(34) found definite antigenic differences on the basis
of which they suggested that L. t. minor should be
considered as an independent species, L. minor.
We do not yet consider that it is possible to take

such a definite stand. The antigenic relationship
among causal agents of cutaneous leishmaniasis in
the Old World undoubtedly requires further investi-
gation. As far as we are aware, for example, Mediter-
ranean strains of L. tropica and strains of L. t. major
from the USSR have not been compared serologi-
cally.
At the same time, in spite of the importance and

effectiveness of the serological criterion for the differ-
entiation of Leishmania strains, it is unlikely, in
isolation from other characteristics reflecting their
biology and morphology, to provide a final solution
to obscurities of classification within the genus.
Hence our interpretation of the data obtained is
somewhat cautious. On the basis of the serological
criterion and the information cited above on the
differences between L. t. major and L. t. minor, we
share the view that zoonotic and anthroponotic

cutaneous leishmaniasis are nosologically indepen-
dent. For the present, however, we refrain from
expressing a definite opinion on the range of taxo-
nomic differences among the causal agents of these
diseases. A convincing solution to this problem will
require the revision of the whole Leishmania genus
on the basis of standard methods of identification.

CONCLUSION

1. A comparative study was carried out of the
virulence and antigenic characteristics of the causal
agents of zoonotic and anthroponotic cutaneous
leishmaniasis in the USSR, Leishmania tropica major
from Turkmenia and L. tropica minor from Azer-
baidian. Their virulence was investigated in golden
hamsters, while their antigenic features were studied
using Adler's serological test as modified by Saf'ja-
nova.

2. Differences in the virulence of L. t. major and
L. t. minor can be determined quantitatively. How-
ever, these differences gradually level out in succes-
sive multiple passages of the organisms in hamsters.

3. In substantiation of the tendency of the differ-
ences in the virulence of the two organisms to
diminish, in both instances the infective process
became generalized, with development of visceral
infections, after several successive passages in
hamsters.

4. Distinct serological differences between L. t.
major and L. t. minor were found. The antigenic
relationship between L. t. major and L. t. minor is
of the same degree as that between each of these
parasites and the causal agent of visceral leishmania-
sis, L. donovani.

5. The data obtained in these investigations are in
accordance with the facts already known, which
indicate that there are biological differences between
L. t. major and L. t. minor. They confirm the view
that zoonotic and anthroponotic cutaneous leish-
maniasis are nosologically independent.

RteSUMIt

ETUDE COMPARATIVE DES CARACTERISTIQUES BIOLOGIQUES DES AGENTS RESPONSABLES
DE LA LEISHMANIOSE CUTANEE ZOONOTIQUE ET ANTHROPONOTIQUE EN URSS

Pour la premiere fois, on a entrepris le'tude compara-
tive de la virulence et des caracteristiques antigeniques de
Leish*iania tropica major et L. t. minor, agents respon-
sables des formes zoonotiques et anthroponotiques de la

leishmaniose cutan6e en URSS, par rapport A celles
d'autres especes de Leishmania (L. donovani, L. adleri et
promastigotes isoles chez des reptiles du Turkmenistan).
On a utilise 15 souches de Leishmania (L. t. major:
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6 souches; L. t. minor: 3; L. donovani: 3; L. adleri: 1;
promastigotes: 2) isol6es en diff6rents endroits d'URSS
et 37 souches isolees secondairement A partir de ham-
sters dores infectes expdrimentalement par les souches
precitees.

Lors de l'inoculation au hamster, on note des diffe-
rences de virulence entre L. t. major et L. t. minor, la
premiere espece etant lge'rement plus pathogene. Ces
diff6rences, mesurables quantitativement, ne sont cepen-
dant pas stables et s'attenuent lors des passages successifs
chez le hamster. Apres plusieurs passages, L. t. major et
L. t. minor provoquent toutes deux une infection genera-
Iisee avec atteinte viscdrale.
En revanche, les differences antigeniques entre L. t. ma-

jor et L. t. minor, mises en evidence par les epreuves
serologiques, se revelent tres stables et utilisables comme
principal critere de differenciation.

Les epreuves serologiques comparatives permettent de
classer les especes de Leishmania etudi6es en deux grou-
pes: l'un comprenant les parasites des mammif6res
(L. t. major, L. t. minor et L. donovani), I'autre les
parasites des reptiles (L. adleri et souches de promasti-
gotes des reptiles). Les epreuves croisees montrent que les
diff6rences antig6niques entre L. t. major et L. t. minor
sont du meme ordre que celles existant entre chacune de
ces especes et L. donovani. L'etude a confirme l'ind6pen-
dance nosologique de la forme anthroponotique et de la
forme zoonotique de la leishmaniose cutan6e.
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