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Experimental superimposed infection of the hamster
with Leishmania mexicana and L. braziliensis

R. Zeledón1, R. Soto1, G. Gonzalez2

Summary

Hamsters inoculated subcutaneously with Leishmania mexicana
(L. m. amazonensis or L. m. mexicana) and with L. braziliensis panamensis,
either simultaneously or with an interval, in different parts of the body (right
front paw and nose), showed an independent course of infection for either
parasite with the typical clinical and histopathological characteristics produced
by these organisms. In one group of animals, metastases from the paw
(L. m. amazonensis) to the nose (L. b. panamensis) was proven and the partial
transformation ofthe granuloma from epithelioid and giant multinuclear cells

(tuberculoid) to histiocytes full of parasites (lepromatous), was observed. These

two specific contrasting reactions, are confined to the place of infection and
influenced by the type of parasite. The histopathological picture normally
observed in hamsters as a reaction to L. mexicana s.l., occurs only occasionally in
humans. It is suggested, on the basis of this animal model, that DCL in the New
World is only produced by parasites ofthe "mexicana" complex and that both
parasite characteristics and host immune status are responsible for this
phenomenon.

Key words: Leishmania mexicana mexicana; L. m. amazonensis; L. braziliensis

panamensis; hamster; superimposed infection; histopathology; diffuse
cutaneous leishmaniasis (DCL).

Introduction

Inoculation of hamsters with Leishmania parasites ofthe "mexicana" complex

produces large tumors consisting of macrophages rich in parasites; this
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infection has the tendency to spread metastatically to other areas ofthe animal
body. On the other hand, parasites belonging to the "braziliensis" complex
produce only small nodules with few parasites and a different histological
picture. In this case metastasis is quite rare: if it occurs, the metastatic lesions
remain inconspicuous (Lainson and Shaw. 1979). Similar pictures can be observed

in humans infected with the same groups of parasites but in this case the

"malignant" or lepromatous type of leishmaniasis is produced only when some
type of cellular immunological impairment is present in the patient: for this
reason it is apparently not so commonly seen. According to Convit and Pinardi
(1974) this so-called diffuse cutaneous leishmaniasis (DCL). "... is due
fundamentally to the response of the host, and the characteristics of the infecting
strain of Leishmania can only secondarily influence the type of lesion that
appears". This statement suggests that in the New World any type of Leishmania

responsible for cutaneous lesions could potentially produce the clinical
picture of DCL. Nevertheless, all evidence up to now shows that all cases of
DCL are associated with organisms ofthe L. mexicana complex and their
geographical distribution corresponds to those places where parasites of this complex

occur (Lainson and Shaw. 1979). There is also evidence that the immunological

unresponsiveness observed in these patients with DCL is specific for the
infection with Leishmania (Bryceson. 1970). To clarify the basis of these phenomena

we used the hamster model to study the course and characteristics of
superimposed infections produced by these two types of Leishmania.

Materials and Methods

A total of 27 adult hamsters divided in 9 groups of 3 animals each, was inoculated subcutaneously

as presented in Table 1. L. mexicana mexicana. corresponding to the O-CR strain of
Zeledón et al. (1981). was used after the second or third transfer in Senekjie's medium following
isolation from an experimentally infected monkey. /.. mexicana amazonensis was isolated in 1975

from a patient in Brasilia, and was obtained from Dr. Cesar Cuba Cuba, and used in the first
transfer after reisolation from a hamster. /.. braziliensis (HSJD-36) was isolated from an ulcer of
Costa Rican patient, had biological characteristics of /.. b. panamensis. and was used after two
transfers in culture following isolation from a hamster. Reisolates ofthe parasites were identified on
biological grounds (culture behavior and animal inoculation). Sections ofthe lesions were made for
histopathological studies and stained with hematoxylin-eosin.

Results

Nodules were first noticed two weeks after inoculation. Those of L. mexicana

s.l. grew faster and became larger than those produced by L. braziliensis.
After one or two months groups 1 and 2 exhibited well developed tumors in the

paw and small nodules in the nose (Fig. 1). Groups 3. 4 and 5 (controls)
presented lesions, of similar size to those of the previous groups inoculated with
corresponding subspecies. In groups 6 and 8. one and two months after the

respective challenges, the lesions followed a clinical course identical to those of
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Table 1. Inoculation of 27 hamsters with /.. mexicana and L. braziliensis

Group Parasite Inoculum Place of Remarks
(xlO-) inociilation

1 / m. mexicana 64 r.h simultaneous
L. b. panamensis 38 n. inoculations

2 L. m. amazonensis 35 r.h. simultaneous
L. b. panamensis 38 n inoculations

3 L. m. mexicana 64 r.h. control of group 1

4 L. m. amazonensis 35 r.h. control of group 2

5 L. b. panamensis 38 n. control of groups 1 and 2

6 L. m. mexicana 64 r.h. /.. b. panamensis inoculated 6 weeks
L. b. panamensis 38 n after L. m. mexicana

7 L. b. panamensis 38 n. control of group 6

8 L. b. panamensis 38 r.h. L. m. mexicana inoculated 6 weeks
L. m. mexicana 711 n after L. b. panamensis

9 L. m. mexicana -(1 n control of group 8

r.h. dorsal part ofthe right front paw
n. nose

the control groups (7 and 9). There was a tendency for L. m. amazonensis to
produce ulcerations and evident points of necrosis. After four months two
animals of group 2 (one had died) exhibited metastases to the other paws and to
the tail; at that time, the lesions on the nose became more evident (tumors closer
to the "mexicana" type), and a culture from this site revealed L. m. amazonensis.
In the rest ofthe groups, the pictures continued as previously: two animals of
group 4 and one from group 5 died at that time. After 5 months one ofthe
animals of group 6 presented metastases to the other paws but no evidence of
lesions ofthe nose. At month 6 the discrete lesions ofthe right paws ofthe
animals of group 8 became more evident and larger than those ofthe control group
(Figs. 2 and 3). No evidence of metastases was observed in the other paws.
Three punctures at different intervals up to the 8th month gave always rise to
positive cultures, but only with L. b. panamensis. Also animals inoculated with
this new isolate exhibited the typical lesions of this subspecies. The experiment
was concluded after ten months and the animals left were killed.

Histopathological examination of the appropriate sites on those animals
inoculated with either subspecies of L. mexicana. showed the typical granuloma
consisting of histiocytes full of parasites. In both arterial and venous vessels,

emboli were observed consisting of erythrocytes and free of intracellular parasites,

indicating their transport by the blood. In some areas plasma cells in variable

numbers were noticed as well as focal necrosis associated with in situ arterial
thrombosis with numerous parasites: also edema and abundant collagen tissue
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Fig. I. Lesions produced by L. m. mexicana (O-CR) on the right paw and by /.. b. panamensis
(HSJD-36) on the nose after 3 months.

Fig. 2. Lesion produced by L. m. mexicana (O-CR) on the nose and by /.. h. panamensis (HSJD-36)
on the right paw after 3 months.

Fig. 3. As in Fig. 2 after 10 months.
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in the dermis was common. In both animals of group 2 which suffered metastases

of L. m. amazonensis from the front paw to the nose, where L. b. panamensis
had originally been inoculated, the same general L. mexicana histopathological
picture was predominant in the nose, alternating with small patches of lympho-
plasmocyte infiltrate and occasional giant cells. In those animals with typical
lesions of /.. braziliensis. the tissue reaction was formed by granulomas of
epithelioid and giant multinucleate cells of foreign body type, which were also
disseminated, and greater proliferation of fibro-collagen tissue was observed.
There were some histiocytes with very few parasites and various numbers of
lymphocytes and plasma cells. In animals of group 8. in which we suspected a

metastasis of L. m. mexicana from the nose to the front paw. the histological
picture was that of L. braziliensis infection, although with marked edema,
confirming the results of cultures obtained from the paw.

Discussion

The simultaneous inoculation of a hamster with Leishmania ofthe "mexicana"

and "braziliensis" complexes indicated that the typical reactions
produced by this animal in response to each one of these parasites, followed the
same pattern, both micro- and macroscopically. as if they had been injected
separately in different animals. This course of infection was not even affected
when the host was challenged with a second Leishmania of a different complex
after the first strain had established a typical infection. The two specific
reactions, indicating a lack of specific immunological cellular responsiveness to
L. mexicana and a rather strong response to L. braziliensis seemed to be confined

to the place of infection ofthe skin. This phenomenon was further shown by
the fact that a well established typical L. braziliensis tissue reaction at a particular

site can suddenly change to a L. mexicana reaction if the latter metastasizes
to that place. The hamster model indicated that particular characteristics of
these two groups of parasites were at least partly responsible for the opposite
responses of the host.

Further evidence supporting the suggestion of Lainson and Shaw (1979)
that DCL in man in the New World is caused only by organisms ofthe L. mexicana

complex would indicate that this condition is not produced only by some
immunological "defect" of the host, as claimed by Convit et al. (1972). but
rather by the association of both host-specific and parasite-specific factors. This
association would be more conconant with Bryceson's idea (Bryceson. 1970)

that "certain strains of Leishmania are capable of causing DCL by virtue ofthe
absence of a particular antigen or antigens, and thereby failing to induce an

adequate immune response, or by the possession of a 'tolerogen'. a specific-

determinant lethal to the clone of cells potentially able to respond to a particular

leishmanial antigen". Our experimental model, even though different from
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the human suggests, however, that the mechanisms involved in the phenomenon

could be even more complex.
The reaction observed in the animals of group 8, which presented consistently

larger L. braziliensis lesions than those of the control animals after 6

months, without a detectable metastasis of L. mexicana to the site, apparently
due to marked edema, remains unexplained.
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