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Abstract In this work we examined 76 stray dogs from
an area of endemic visceral leishmaniosis, in order to
determine whether the presence of skin inflammation or
a specific inflammatory pattern could be taken as
indicative of infection with Leishmania chagasi, and
whether the parasite burden in the skin could be
associated with the intensity or the nature of the
inflammatory process. Inflammatory infiltrates were
observed in the skin of 51 out of 55 animals with
diagnosis of leishmaniosis, and in 17 out of 21 animals
without signs of infection. Amastigotes were identified
in the skin of 29 out of the 55 animals with diagnosis
of leishmaniosis. Granuloma and a monomorphic
macrophage inflammatory infiltrate, and not a mixed
focal or mixed diffuse inflammation, were significantly
associated with skin parasitism, both in terms of fre-
quency (P=0.015 in the Chi-square test) and intensity
(P=0.005 in the Kruskal-Wallis test). A low parasite
burden was associated with a multifocal inflammatory
pattern.
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Introduction

Zoonotic visceral leishmaniosis is endemic in Europe
and America. The disease is caused by Leishmania
chagasi and L. infantum, and is expanding into new areas
(Enserink 2000), including urban centers (Silva et al.
2001). Evidence exists that L. infantum and L. chagasi
are variants of the same Leishmania species (Mauricio
et al. 2000) and dogs have been considered their main
reservoir (Dye 1996). The importance of dogs in the
transmission of visceral leishmaniosis is supported by
the high parasite burdens found in the skin of infected
animals (Deane and Deane 1955) and the demonstration
that they are readily able to infect sand flies (Travi et al.
2001).

In canine visceral leishmaniosis, the presence of am-
astigotes in different organs is usually observed in a
background of inflammation (Martinez-Moreno et al.
1995; Tarantino et al. 2001). On the other hand, animals
living in areas where the disease is endemic, particularly
in tropical countries, are often subjected to arthropod
bites, and to contact with other parasites that also cause
inflammation in the skin (Tarantino et al. 2001). In fact,
although it is recognized that dermatitis is a common
finding in canine visceral leishmaniosis, the proportion
of skin inflammation in dogs in areas of endemic disease
that could be attributed to the presence of Leishmania is
not known. Nevertheless, the characteristics of a chronic
inflammation are profoundly influenced by the host’s
immunological response to the triggering agent (Pontes-
de-Carvalho et al. 2002). In human and experimental
murine leishmaniosis, caused by a variety of Leishmania
species, the type of the inflammatory infiltrate reflects
the profile of the host immune response to the parasite
(Barral-Netto et al. 1995; Lemos de Souza et al. 2000),
and can be considered as morphological markers of Th1-
or Th2-type immune responses to Leishmania infection
(Bittencourt and Barral-Netto 1995) or resistance and
susceptibility to the disease (Lemos de Sousa et al. 2000).
Hence, the inflammatory infiltrate in lesions of resistant
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subjects is constituted of a mixture of lymphocytes,
plasm cells, and epithelioid macrophages with granu-
loma formation and few parasites (Lemos de Souza et al.
2000). On the other hand, in susceptible individuals, the
inflammatory infiltrate is composed almost exclusively
of non-activated macrophages containing large cyto-
plasmic vacuoles burdened with parasites, and granu-
lomas are not formed (Bittencourt and Barral Netto
1995; Lemos de Souza et al. 2000). The type of inflam-
matory infiltrate in the skin of dogs with canine visceral
leishmaniosis may also reflect the status of susceptibility
to the disease (Ferrer et al. 1988; Fondevila et al. 1997).

In this study, the frequency and histological patterns
of skin inflammation in dogs from a tropical area of
endemic visceral leishmaniosis, with positive or nega-
tive laboratory tests for infection with L. chagasi, were
investigated, aiming at identifying associations between
the presence, intensity and the different patterns of
inflammatory infiltrates with the presence and density
of Leishmania amastigotes in the skin. Determining the
inflammatory patterns associated with high and low
parasite burdens in the skin may have a potential use in
identifying canine immune responses associated with
resistance or susceptibility to infection with L. chagasi/
L. infantum, as described for humans (Bittencourt and
Barral-Netto 1995) and for mice (Lemos de Souza et al.
2000) with cutaneous leishmaniosis, and as suggested
for dogs with visceral leishmaniosis (Fondevila et al.
1997).

Material and methods

Animals

Stray dogs (76), collected from the streets of Jacobina (an area of
endemic visceral leishmaniosis, in Bahia State, Brazil), were used in
this study. Diagnosis of natural infection by Leishmania was per-
formed using the following tests: (1) culture of bone marrow, spleen
or peripheral lymph node aspirate; (2) inoculation of bone marrow
aspirate collected from dogs, into hamsters; (3) identification of
amastigotes in skin sections (see below); (4) immunofluorescence
and enzyme-linked immunosorbent assay (ELISA) for detection of
specific anti-Leishmania antibodies in the serum; and (5) polymer-
ase chain reaction (PCR) for identification of Leishmania DNA
(Ashford et al. 1993, 1995). Not all the animals were subjected to all
the tests. Dogs were considered infected if parasites were identified
in skin sections, culture or after inoculation in hamster; or if they
had both positive serological tests and positive PCR. Animals were
considered negative if subjected to at least three different tests,
including serology, histology and culture of bone marrow aspirate,
with negative results. Using these criteria, 55 animals were con-
sidered positive and the other 21 were considered negative for
Leishmania infection.

Tissue sections for histopathological analysis

Specimens of ear skin from all the animals were collected during
necropsy, and fixed with formalin. Ear sections were studied be-
cause the ear is exposed to insect bites, and apparently more fre-
quently infected in canine visceral leishmaniosis (Travi et al. 2001).
Sections (5 pm thick) were stained with haematoxylin-eosin (H-E)
and examined in order to define the presence or absence of

inflammation, the inflammatory infiltrate pattern, and the intensity
of the parasite burden. The skin was classified into the following
categories: (1) normal, without inflammatory infiltrate; (2) with
mixed focal inflammatory infiltrate, containing a variety of
inflammatory cells including lymphocytes, macrophages and plas-
ma cells, present as single or multiple small clusters in the skin; (3)
with mixed diffuse inflammatory infiltrate, similar to the previous
category, but with extensive coalescent spread of the inflammatory
infiltrate through the dermis; (4) with granuloma, containing areas
of epithelioid macrophages; (5) with monomorphic macrophage
inflammatory infiltrate, containing clusters of non-epithelioid,
vacuolated macrophages [Vichowian-like inflammatory infiltrate
(see Fig. 1)]. The parasite burden was classified as follows: (1) low
when rare amastigotes were seen in tissue sections, usually requir-
ing careful search; (2) moderate when parasites were easily seen,
but with restricted distribution in some macrophages in the
inflammatory infiltrate; and (3) high when most of the macro-
phages in the inflammatory infiltrate had parasites. All the slides
were examined independently by two pathologists. Results of
the individual analysis were compared. The few cases in which
the classifications in individual examination did not match were
re-examined, in order to reach a consensus.

Expression of results

The results are expressed in tabular form as absolute numbers. The
significance of the differences observed between groups was tested
using the Chi-squared test or Fisher’s exact probability test for
cross tables using proportions. The Kruskal-Wallis test was used
when differences in scores between more than two groups were
compared (Glantz 1996). In all the tests the accepted level of sig-
nificance corresponded to P <0.05.

Results

Inflammatory infiltrate in the skin of animals
with and without evidence of leishmaniosis

Inflammatory infiltrates were observed in the ear of 51
out of 55 animals with diagnosis of leishmaniosis (93%),
and in the ear of 17 out of 21 animals with negative
laboratory tests for the disease (81%). This difference
was not statistically significant (P=0.206 by Fisher’s
exact probability test). The distribution of the different
inflammatory patterns in the skin of the animals with
evidence of Leishmania infection is shown in Table 1.
The difference in frequency of the different patterns of
inflammatory infiltrates between infected and non-in-
fected animals was not statistically significant (P> 0.05
by Fisher’s test).

Inflammatory infiltrate and parasites in the skin

Parasites were identified in skin sections of 29 animals:
in 26 out of 53 animals with a diagnosis of leishmaniosis
confirmed by other tests; in 2 for which the other per-
formed tests (serology and PCR) were negative; and in 1
animal in which no other laboratory test was performed.
The difference in the frequency of skin parasitism be-
tween animals with (26/52) and without diagnosis of
leishmaniosis, by other tests (2/23), was statistically
significant (P <0.001 by Fisher’s test).



Fig. 1a—f Histological
categories of skin in dogs from
an area of endemic visceral
leishmaniosis. a Normal skin.
b Focal inflammatory infiltrate.
¢ Diffuse inflammatory
infiltrate. d Variety of cell types
characteristic of focal and
diffuse inflammatory infiltrate.
e Granuloma constituted of
epithelioid macrophages.

f Monomorphic macrophage
inflammatory infiltrate,
constituted of large vacuolated
macrophage containing
Leishmania. (All stained with
haematoxylin and eosin)

The presence of parasites in skin sections was always
associated with an inflammatory infiltrate: amastigotes
were visualized in 29 out of 68 animals with inflamma-
tory infiltrate in the skin and were not observed in

8 animals without inflammatory infiltrate in the skin
(P=0.021 by Fisher’s test). The frequency of the differ-
ent inflammatory patterns and their association with
presence of amastigotes in the skin is shown in Table 1.

Table 1 Inflammation in ear skin of stray dogs from an area of endemic leishmaniosis with or without diagnosis of the disease

Inflammatory pattern Infection Parasite burden®
Absent Present Negative Low Moderate High

Normal 4 4 8 0 0 0
Focal 6 24 22 6 2 0
Diffuse 10 16 14 4 5 3
Granuloma 1 10 3 3 4 1
Macrophagic® 0 1 0 0 0 1
Total 21 55 47 13 11 5

“Semi-quantitative analysis based on the following criteria: low
when rare amastigotes were seen in tissue sections, usually requir-
ing careful search; moderate when parasites were easily seen, but
with restricted distribution of macrophages in the inflammatory

infiltrate; and high when most of the macrophages in the inflam-
matory infiltrate had parasites
*Monomorphic (vacuolated) macrophage inflammatory infiltrate
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Granulomatous and monomorphic macrophage
inflammatory patterns were more frequently associated
with the presence of Leishmania in the skin than focal or
diffuse inflammatory infiltrate (P=0.015 by the Chi-
square test). The difference in frequency of amastigotes
associated either with focal or diffuse inflammatory
infiltrate was not statistically significant (P=0.167 by
Fisher’s exact probability test).

Parasite burden and inflammatory pattern

Most of the animals with focal inflammatory infiltrate in
the skin had no histological parasitism. Also, the para-
site burden associated with focal infiltrate was of slight
or moderate intensity. Diffuse and granulomatous
inflammatory patterns were predominantly associated
with moderate and heavy parasite burdens (Table 1). In
the only animal presenting monomorphic macrophage
infiltrate, the parasite burden was heavy. The difference
in the parasite burdens in the skin associated with the
different inflammatory patterns was statistically signifi-
cant (P=0.005 by the Kruskal-Wallis test followed by
pair wise test): parasite burdens were higher in animals
with granuloma and monomorphic macrophage infil-
trate than with diffuse inflammatory infiltrate (P <0.01),
and higher in animals with diffuse than with focal in-
flammatory infiltrate (P <0.05).

Discussion

In this study we show that inflammatory infiltrates are a
common histological finding in the skin of dogs from a
tropical area of endemic leishmaniosis, irrespective of the
presence of parasites or evidence of infection with Leish-
mania. Skin parasitism in dogs with visceral leishmaniosis
was, however, always associated with inflammation.
Inflammatory patterns with predominance of macro-
phages, such as granuloma and monomorphic macro-
phage infiltrates were more frequently associated with the
presence of Leishmania and a higher parasite burden than
pleomorphic focal or diffuse inflammatory infiltrate.
The monomorphic macrophage inflammatory infil-
trate described herein is similar to the lesions of diffuse
cutaneous leishmaniosis observed in human beings
(Barral-Netto et al. 1995; Bittencourt and Barral-Netto
1995) and in CBA mice infected with L. amazonensis
(Lemos de Souza et al. 2000), and may correspond to the
nodular disease developed by dogs with ineffective cel-
lular immune response to L. chagasi (Fondevila et al.
1997; Ferrer et al. 1988). Such an inflammatory pattern
has been associated with Th2-type of immune response
and susceptibility to the disease (Barral-Netto et al.
1995; Lemos de Souza et al. 2000). Presence of granu-
loma on the other hand, has been associated with Thl-
type immune response and resistance to leishmaniosis
(Oliveira et al. 1993; Lemos de Souza et al. 2000; Amato
et al. 2003) and to mycobacterial disease (Chensue et al.

1995). Therefore, the finding in the present work of
larger numbers of amastigotes associated with granulo-
mas than with other inflammatory patterns is apparently
surprising. At least two mechanisms may explain this
observation: (1) arrival of Leishmania at the skin of a
immunocompetent host, either inoculated by sand flies
or carried by infected macrophages (Liarte et al. 2001),
initiating after its proliferation a cellular immune re-
sponse with delayed-type hypersensitivity (DTH) and
granuloma formation (Barral-Netto et al. 1995; Lemos
de Souza et al. 2000); or (2) dissemination of large
number of parasites to the skin, a possibly late event in
the visceral leishmaniosis (Tafuri et al. 2001) of suscep-
tible dogs, associated with an inflammatory granulom-
atous infiltrate permissive to parasite growth. In fact,
evidence exists that epithelioid cells in granulomas se-
crete factors, such as IL-10 (Wilson et al. 1996) and a 12-
kDa protein (Mariano 1995), that inhibits macrophage
and lymphocyte activation. Indeed, generation of a
microenvironment with cytokines that inhibit Thl-type
immune response in granulomas, favoring parasite rep-
lication, has been demonstrated in visceral murine le-
ishmaniosis (Wilson et al. 1996). Further studies, taking
into account the age of infection and the immunological
status of the animals, are necessary in order to explain
which of these mechanisms is responsible for the asso-
ciation of granuloma with the high parasite burden in
the skin of dogs with visceral leishmaniosis, described in
this study.

Little is known about the determinants and mecha-
nisms involved in Leishmania location in the skin in
animals with canine visceral leishmaniosis. Only a por-
tion of dogs with visceral leishmaniosis had parasites
detectable in the skin. In the present study, amastigotes
were identified in the skin of 50% of the animals with
serological and parasitological (including PCR) markers
of natural infection with Leishmania, when using H-E
stained sections. Solano-Gallego and collaborators
(2001) and Travi and collaborators (2001), both using
PCR for Leishmania DNA, found evidence of parasites
in the skin of 70% of the animals with diagnosis of
infection. Parasite species and strains (reviewed by
Herwaldt 1999) and the immunological status of the
host (Postigo et al. 1997) are among the factors possibly
implicated in the dissemination of Leishmania to differ-
ent sites, in dogs and other animals. In fact, Leishmania
dissemination to the skin in dogs and human beings
appears to be a late event in the course of infection
(Herwaldt 1999; Travi et al. 2001). Sequential parasite
dissemination has been suggested in the mouse model of
visceral leishmaniosis (Wilson et al. 1996; Sulahian et al.
1997; Anstead et al. 2001). Parasites disseminate from
lymph node to liver (Anstead et al. 2001) and, at a late
stage only, the parasite burden increases in the spleen
(Barbosa Jr et al. 1987; Wilson et al. 1996; Sulahian et al.
1997). Bertho and collaborators (1994) demonstrated
that inflammation artificially induced by trauma favored
the appearance of metastatic lesions of leishmaniosis in
the skin of mice infected with L. amazonensis. In



inflamed tissues, a range of chemokines and newly ex-
pressed adhesion molecules potentially direct the hom-
ing of infected cells (Springer 1995) and these could
include Leishmania-infected phagocytes originated from
internal organs. In this study, chronic inflammation was
a frequent finding in the ear skin of dogs without any
evidence of Leishmania infection (examined), not dif-
fering from that observed in animals with infection.
Although infection cannot be completely excluded,
based on the sensitivity of the tests used (Ashford et al.
1995), we may conclude that the majority of the animals
in the group with negative results, and at least some of
the animals in the infected group, present inflammation
in the skin unrelated to Leishmania infection (Prats and
Ferrer 1995). Initiation of such inflammatory processes
may be attributed to a variety of conditions, for exam-
ple, insect bites (frequent all year in tropical countries),
trauma (Prats and Ferrer 1995) sometimes originated
during fighting, and other parasitic infections (Mozos
et al. 1999). The data presented herein, therefore, are
consistent with the hypothesis that skin lesion precedes
the arrival of L. chagasi at a site in dog’s skin, and that,
once there, the Leishmania induces a change in the
inflammatory pattern towards the formation of granu-
lomas (Prats and Ferrer 1995; Mozos et al. 1999) or
development of a vacuolated macrophage infiltrate, that
are typically found in cutaneous and visceral leishman-
iosis. Alternatively, the induction of a permissive
inflammatory pattern by other causes would precede the
installation of Leishmania in the skin, e.g., a pre-existing
inflammatory reaction with permissive granulomas
would be more favorable to Leishmania growth than
other inflammatory reactions (Mariano 1995; Wilson
et al. 1996). In fact, those dogs with a tendency to de-
velop this permissive inflammatory reaction would be
more prone to remaining infected with Leishmania and
developing high parasite burdens. Whatever the case,
Leishmania-specific or non-specific immunointervention
measures that would favor the healing of skin lesions or
development of only focal inflammation in the skin
could be useful as a means of reducing the transmission
of Leishmania from infected dogs to the sand fly vector
(Travi et al. 2001). Confirmation of this hypothesis re-
quires and justifies, further studies.
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