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Abstract

Renal involvement in visceral leishmaniasis (VL) is very frequent but
the pathogenesis of this nephropathy is poorly understood. In previous
studies using dogs with VL we have detected new immunopathologi-
cal elements in the glomeruli such as T cells and adhesion molecules.
Although Leishmania (Leishmania) chagasi-infected dogs and ham-
sters are considered to be good models for VL, their use is limited for
immunopathologic studies. The use of isogenic mouse strains suscep-
tible to L. (L.) chagasi infection was an alternative but, on the other
hand, the renal lesions of these animals have not yet been character-
ized. Thus, our purpose in the present study was to characterize mice
infected with L. (L.) chagasi as a suitable model to study VL nephrop-
athy. Kidney samples were obtained from control mice (N = 12) and
from BALB/c mice (N = 24) injected intraperitoneally with 20 million
L. (L.) chagasi amastigotes 7, 15, and 30 days after injection and
processed for histopathological studies and detection of IgG deposits.
Glomerular hypercellularity was clearly visible and, upon Mason’s
trichrome and periodic acid methenamine silver staining, a pattern
suggestive of mesangial proliferative glomerulonephritis was ob-
served in mice with VL. Time-dependent IgG deposits were also seen
in infected mice. We consider L. (L.) chagasi-infected mice to be a
suitable model for studies of the immunopathogenesis of glomerular
lesions in VL.
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Visceral leishmaniasis (VL) is caused by
the protozoa Leishmania (Leishmania) cha-
gasi in Brazil, it is fatal if not treated, and is
characterized by fever, hepatosplenomeg-
aly, anemia, hypergammaglobulinemia, and
leukopenia. Several organs in addition to
those rich in mononuclear phagocytes are

affected in VL (1). Renal involvement is
very frequent and the glomerular lesions are
related to the severity of the disease (2). In
the glomerulonephritis (GN) occurring in
VL, glomerular alterations have been con-
sidered to be a consequence of the immune
response and immune complex deposition
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has been thought to be the mechanism of
injury (3-6). However, in our previous stud-
ies on dogs with VL, we have detected new
imunopathological elements in renal changes
in VL, such as T cells and adhesion mol-
ecules (7,8). In addition, different cytokines
have also been shown to be involved in the
pathogenesis of nephropathy in malaria, an-
other protozoan disease (9). Therefore, fur-
ther studies on the pathogenic mechanisms
involved in the GN of VL are needed. Since
canine and human VL share similar disease
manifestations, dogs represent an appropri-
ate animal model for the human disease (10).
In addition, golden hamsters (Mesocricetus
auratus) infected with L. donovani or L.
chagasi are also considered to be an excel-
lent VL model (11). However, their use is
limited for immunopathological studies,
mainly due to the lack of available anti-
bodies for immunological markers (10). An
alternative is to use inbred mouse strains
susceptible to L. (L.) chagasi infection.

A susceptible model of VL is L. donova-
ni-infected BALB/c mice in which the infec-
tion progresses during the first two weeks,
when it becomes controlled by the host im-
mune response (12). There are studies on the
immunity of this model (13), but nephropa-
thy has not been studied. Therefore, we ex-
perimentally infected BALB/c mice using L.
(L.) chagasi amastigotes to characterize a
model suitable for the study of VL nephrop-
athy.

Male BALB/c mice supplied by the Ani-
mal Breeding Facility of the Medical School
of the University of São Paulo were main-
tained in the Animal Facility of the Tropical
Medicine Institute of São Paulo, University
of São Paulo. Mice were injected intraperi-
toneally with either 2 x 107 purified L. (L.)
chagasi (MHOM/BR/72/strain 46) amasti-
gotes according to Dwyer (14) or RPMI
1640 medium (Gibco BRL, Gaithersburg,
MD, USA) as control, and sacrificed at 7, 15,
and 30 days post-infection (PI). At the time
of sacrifice, a kidney was removed and fixed

in formalin, embedded in paraffin, and 5-µm
thick sections were prepared. To quantita-
tively evaluate the glomerular cell number,
renal tissue sections were obtained from 24
infected and 12 control-BALB/c mice and
stained with hematoxylin-eosin.

During the course of the experiment, glo-
merular hypercellularity was observed from
7 through 30 days PI in infected animals
(Figure 1A) compared with non-infected ones
(Figure 1B). Interstitial alterations were not
observed in either infected or non-infected
animals (data not shown). To further study
the histopathological pattern of glomerular
changes, sections from samples fixed in
Bouin and embedded in paraffin were stained
with Masson’s trichrome and periodic acid
methenamine silver (PAMS). In this analy-
sis, most of the glomeruli from infected ani-
mals showed an increased number of glom-
erular cells, occupying almost the total glom-
erular area. However, the wall of the glom-
erular capillaries was normal (Figure 1C).
These findings suggest a mesangial prolif-
erative pattern of GN in this model. The
control group presented normal cellularity
as well as normal glomerular capillary walls
(Figure 1D). Probably due to the use of an
inbred mouse strain, the histopathological
pattern was homogeneous in all samples and
the alterations were present in all. Morpho-
metric analysis was performed to confirm
the hypercellularity of the glomeruli. The
number of cells was counted in 20 glomeruli
in each section stained with hematoxylin-
eosin to obtain the number of cells/glomeru-
lus. A significantly larger number of glom-
erular cells was observed in the infected
animals when compared with the non-in-
fected control animals at 7, 15 and 30 days
PI (P < 0.05; Figure 1E).

In this model, hypercellularity seems to
be independent of the inoculation route, since
when BALB/c mice were infected by the
intravenous route the results were similar
(data not shown). The GN showing a mesan-
gial proliferative pattern in this model re-
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flects one of the patterns seen in human,
canine and hamster VL (3,4,15). The histo-
pathological changes in glomerular lesions
systematically described in canine VL have
shown different patterns of GN but with a
predominance of proliferative patterns in-
cluding mesangial proliferative pattern (15).
It is also known that one of the features of
human GN is the proliferation of mesangial
cells and consequent glomerular hypercellu-
larity (4,16). The pathogenic process lead-
ing to hypercellularity found in the glomeruli
in VL is one of the targets for further studies
upon the establishment of a good experi-
mental model, which was the objective of
the present study.

Since in studies on VL nephropathy im-
munoglobulins have always been detected
in renal lesions (3-6) this aspect was also
considered in our samples. We analyzed the
presence of IgG deposit on cryosections of
the kidney by indirect immunofluorescence
using a biotin-conjugated rabbit anti-mouse
IgG antibody and streptavidin-fluorescein
isothiocyanate system (Dako Corporation,
Carpinteria, CA, USA). The complement
fraction C3b deposit on frozen sections was
also evaluated by the same protocol using a
polyclonal rabbit anti-mouse C3b antibody
produced in our laboratory (17). The sec-
tions were then examined under a fluores-
cent microscope (Carl Zeiss, Göttingen, Ger-
many). The intensity of the deposits was
evaluated semi-quantitatively and is reported
as scores from 0 (negative) to 4 (intense
staining throughout all glomeruli) (16) upon
analysis of at least 20 glomeruli per sample.

When searching for IgG deposits, we
observed the time-dependence of its pres-
ence in glomeruli. Although discrete, a base-
line deposit was observed in most of the
infected (Figure 2B) and non-infected ani-
mals (Figure 2C) throughout the experimen-
tal period, but the significant fluorescent
deposit (Figure 2A) was only observed at 7
days PI when it was significantly greater
than in non-infected controls. This observa-

N
o.

 o
f 

ce
lls

/g
lo

m
er

ul
us

70

60

50

40

30

20

10

0

7 15 30

E

* *

Days post-infection

*

Figure 1. Kidney sections stained with hematoxylin-eosin. A, Glomerulonephritis in BALB/c
mice infected with Leishmania (L.) chagasi. Hypercellularity in infected mice with glomeru-
lar tuft occupying almost the whole Bowman space (BS) (40X). B, Normal cells in glomeruli
from control non-infected mice (20X). Kidney stained with periodic acid methenamine silver
(40X). C, Glomerulonephritis in BALB/c mice infected with L. (L.) chagasi. Hypercellularity
in glomerulonephritis and normal glomerular capillary wall (arrow) in infected mice. D,
Normal cellularity in glomeruli of a control non-infected mouse. E, Cell number per glo-
merulus (mean ± SD) in BALB/c mice non-infected (N = 4) and infected with L. (L.) chagasi
(N = 8) at 7, 15, and 30 days post-infection. Non-infected = open columns; infected = filled
columns. *P < 0.05 compared to non-infected control (ANOVA on ranks and Student-
Newman-Keuls test).

tion could be confirmed when semi-quanti-
tative analysis of the intensity of the deposits
of IgG in the glomeruli was performed. This
revealed a significant increase only at 7 days
of infection in relation to the control and to
animals examined at the other post-infection
times (P < 0.05; Figure 2D). Deposits of the
C3b fraction of complement was analyzed in
glomeruli in 12 non-infected and 24 infected
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lopathy since similar observations were made
before in hamsters with VL (18) which has
been considered to be a good animal model
of VL. The fact that IgG apparently partici-
pates only in the early phase of infection, the
almost absent evidence of participation of
complement in the pathologic process but
the persistence of hypercellularity in subse-
quent phases as shown here point to the
necessity of further studies of the pathogenic
mechanisms of these lesions. Such studies
may imply different approaches focusing on
different cell populations such as mesangial
cells, lymphocytes, different molecules in-
volved in inflammatory and immunological
processes, and different pathogenic processes
involving immunoglobulins. For these ap-
proaches the availability of reagents and
some gene-targeted animal strains, and
isogenic animals to allow cell transfer ex-
periments are fundamental, and these re-
quirements may be satisfied by using the
mouse model.

To the best of our knowledge, this is the
first investigation using BALB/c mice in-
jected intraperitoneally with L. (L.) chagasi
to study GN, and our data indicate that it is a
good model for the study of glomerular al-
terations mainly of a proliferative pattern in
VL. It will be a useful model mainly for the
study of immunopathogenic mechanisms
considering the availability of reagents and
gene-targeted mouse strains for immuno-
logical studies.
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animals. Subtle granular fluorescence was
seen in glomeruli in only 5 of 24 infected
animals at 7 and 30 days PI and was totally
absent in control animals. The very subtle
deposit of C3b and in a restricted number of
infected animals suggests that complement
does not have an important participation in
the pathogenesis of GN caused by infection
with L. (L.) chagasi. Furthermore, similar
findings were observed in hamsters with VL
in our previous studies (18).

The present findings support the use of a
mouse model for the study of VL glomeru-
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Figure 2. IgG deposits (arrow) on the glomerular capillary wall of an infected mouse. A,
Presence of fluorescence of moderate intensity in the glomerular capillary wall of infected
animals at 7 days post-infection (PI). B, At 15 days PI, presence of discrete fluorescence. C,
Absence of IgG deposits in glomeruli of a control non-infected mouse. Indirect immunofluo-
rescence (20X). D, Semi-quantitative data (score) of IgG deposits in glomeruli from BALB/c
mice non-infected (N = 4) and infected with Leishmania (L.) chagasi (N = 8) at 7, 15, and 30
days PI. Non-infected = open columns; infected = filled columns. *P < 0.05 compared to
non-infected control (ANOVA on ranks and Student-Newman-Keuls test).
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