
Summary. Leishmania amazonensis is a major
etiological agent of human cutaneous leishmaniasis in
the Americas; nevertheless there are some reports of this
species causing visceral disease in dogs and men. In the
present work we have studied a Leishmania strain
isolated from a human case of visceral leishmaniasis. We
have infected different mouse strains and analyzed the
development of the disease, studying the parasite’s
ability to visceralize and whether this ability is
influenced by host genetics. Female BALB/c, C57BL/6,
C57BL/10, CBA, DBA/2, and C3H/He mice were
subcutaneously infected with 104 L. amazonensis
amastigotes. BALB/c, C57BL/6 and C57BL/10 mice
were found to be very susceptible to infection, showing
lesions that developed to necrosis and ulceration. CBA
mice developed a late but severe lesion. DBA/2 mice
developed only discrete lesions, while C3H/He mice did
not develop any lesions. All mouse strains except
C3H/He showed some degree of visceralization,
presenting parasites in the spleen, while BALB/c,
C57BL/6 and CBA presented parasites also in the liver.
Moreover, most of the strains presented high parasite

load at the infection site, whereas DBA and C3H/He
mice showed low or no parasite load 90 days after
infection, respectively. Histopathology corroborates the
results, showing that susceptible mice presented an
inflammatory reaction with parasites in the skin, lymph
nodes and spleen, while strains that are more resistant
presented low parasitism and discrete inflammatory
reaction. Results indicate that this isolate is extremely
virulent, can easily visceralize and that the pathogenesis
of leishmaniasis is, at least in part, related to the genetic
background of the host.
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Introduction

Leishmania is an intracellular protozoan parasite that
infects different mammals, including humans. It causes a
wide spectrum of diseases known as leishmaniasis.
Brazil is among the countries with higher incidence of
both cutaneous and visceral leishmaniasis (Alvar et al.,
2012). In this country, cutaneous leishmaniasis is mainly
caused by L. braziliensis and L. amazonensis, which are
the most widely distributed species (Grimaldi et al.,
1987; Dorval et al., 2006). The severity of the disease
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varies from the benign cutaneous form and spontaneous
healing to severe forms, such as mucocutaneous
leishmaniasis, which often cause mutilation (Herwaldt,
1999; Reis et al., 2008). Leishmania braziliensis has
been described as causing localized cutaneous lesions
but can also result in a destructive lesion in mucosal
tissue years after the apparently complete resolution of
the cutaneous lesion. This can lead to the chronic
destruction of the nasal septum and soft palate.
Leishmania amazonensis also is related to localized-
cutaneous lesions and is associated with a specific
anergy or an immunological lack of response (Grimaldi
and Tesh, 1993; Pinheiro et al., 2004; Silva et al., 2011).
The lesions may be restricted (localized cutaneous
leishmaniasis) or may be widespread over the body
(diffuse cutaneous leishmaniasis) (Ashford, 2000;
Marlow et al., 2013).

Visceral leishmaniasis in Brazil is caused by
Leishmania infantum. It is characterized by high fever,
substantial weight loss, swelling of the spleen and liver,
and anemia. If left untreated, the disease can have high
fatality rates. Nevertheless, some cases of visceral
leishmaniasis caused by L. amazonensis have been
described both in humans and in dogs (Barral et al.,
1986; Tolezano et al., 2007).

The aim of this work was to analyze an isolate of
L. amazonensis obtained from the bone marrow of a
patient with visceral leishmaniasis from Bodoquena,
MS, Brazil ,  studying the parasite’s abil i ty to
visceralize and whether this ability is influenced by
host genetics.
Materials and methods

Parasite isolation

The strain MHOM/BR/2000/MS501 was obtained
by bone marrow aspirate from a patient with kala-azar
living in Bodoquena. The city of Bodoquena is located at
20°32’19” S of latitude and 56°42’34” W of longitude. It
is situated at 251km west from Campo Grande, capital of
Mato Grosso do Sul. The municipality has 2.507.244
km² and a density of 3.35 inhabitants/km2.

The bone marrow aspirate from the patient was
inoculated in NNN (agar -blood (Bacto agar, Bencton
Dickson, USA) and LIBHIT medium (liver infusion -
Bencton Dickson, USA, brain heart infusion, Bencton
Dickson, USA, tryptose - Difco, USA) supplemented
with 20% heat-inactivated fetal calf serum and standard
salt solution (Gonçalves da Costa and Lagrange, 1981).
Parasites were cultivated in liquid LIBHIT medium at
26°C in a New Brunswick shaker and frozen in DMSO
(Sigma, USA). Promastigotes were used to infect
BALB/c mice, which served as source of amastigotes for
experiments. For infection, mice were euthanized; the
popliteal lymph node was disrupted in a grinder with
PBS and filtered in a sterile gaze to discard larger pieces
of tissue. Amastigotes were then counted in a Newbauer
chamber and diluted in PBS for injection in experimental

mice.
Characterization of parasites

MHOM/BR/2000/MS501 parasites from a
promastigote axenic culture were characterized by PCR-
restriction fragment length polymorphism (RFLP),
sequencing and multi-locus enzyme electrophoresis
(MLEE). Isoenzymatic characterization was carried out
using a system of 10 enzymatic loci (6PGDH, GPI, IDH,
G6PDH, MDH, NH, PGM, ME, ACON and PEP-D)
using agarose gel electrophoresis as described elsewhere
(Momen and Salles, 1985). 

For the RFLP and sequencing, a 1300bp fragment of
the hsp70 gene was amplified by PCR using specific
primers (Garcia et al., 2004). The amplicon was then
submitted to digestion with HaeIII and the digestion
pattern was compared with control strains L. braziliensis
(MHOM/BR/75/M2903), L. infantum (MHOM/BR/74/
PP75) and L. amazonensis (IFLA/BR/67/PH8). The
same amplicon was also sequenced and analyzed using
the Sequence Alignment Editor and the BLAST tool
(http://blast.ncbi.nlm.nih.gov/Blast). A PCR for 300-350
bp fragment of the intergenic region of the Leishmania
DNA (internal transcribed spacer 1-ITS1), using the
primers LITSR: 5’CTGGATCATTTTCCGATG3’ and
L5.8S:5’ TGATACCACTTATCGCACTT 3’ was also
performed (El Tai et al., 2000). The ITS1 PCR products
were digested with HaeIII using conditions
recommended by the supplier (New England Biolabs,
Ipswich, MA, USA). The restriction profiles were
analyzed in 4% agarose gel, stained with ethidium
bromide and compared with the Leishmania reference
strains as previously indicated.
Animals

Four- to six-week-old female BALB/c, C57BL/6,
C57BL/10, CBA, DBA/2, and C3H/He mice were
obtained from the animal facilities of the Oswaldo Cruz
Foundation, Rio de Janeiro, Brazil. These strains were
eligible on the basis of their resistance or susceptibility
pattern previously determined by experiments with other
L. amazonensis strain in our laboratory (Calabrese and
da Costa, 1992).

All procedures with animals were authorized by the
local Institutional Animal Care and Use Committee,
authorization number L0001/07.
Experimental design

Animals of each strain were divided into two groups
corresponding to an infected experimental group and a
non-infected control group. Animals in the infected
group were subcutaneously injected with 104
MHOM/BR/2000/MS501 amastigotes in the right hind
footpad. Non-infected groups were subcutaneously
mock-infected with phosphate buffered saline (PBS) at
the same site.
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Kinetics of lesion development

The lesions of six animals from each experimental
group were measured after 30 days and thereafter
monthly until 90 days after infection using the dial
gauge caliper (Schnelltäster, H.C. Kroplin, Hessen,
Germany). The resulting measurements are expressed as
the difference in millimeters between infected and the
contralateral non-infected footpads.
Histopathology

Three mice from each experimental group were
euthanized by CO2 inhalation 90 days after infection in
order to obtain fragments of the lesion site, draining
lymph node, spleen and liver for histopathology. The
tissue sections were fixed in 10% buffered formalin,
processed and embedded in paraffin. Tissue sections (5
µm thick) were stained with Hematoxylin-Eosin.
Limited dilution assay

The Limiting Dilution Assay technique was
performed as previously described (Titus et al., 1985).
Three mice of each group were euthanized, as described
in the above procedure, 90 days after infection to
aseptically obtain the primary lesion, draining lymph
node, spleen and liver. The weight of each organ pool
was determined; the tissues were then cut into several
pieces in LIBHIT medium and homogenized vigorously
for several minutes until completely disrupted using a

glass tissue homogenizer (Corning E.U.A.).
Homogenized material was allowed to settle for 5
minutes in order to remove large debris. Serial dilutions
of each organ homogenate were made in LIBHIT
medium. Aliquots of 0.1ml of each serial dilution were
added to 16 replicate wells in microplates. All plates
were maintained in a BOD incubator at 24°C for 6 days.
The assay was read by scoring the number of parasite-
positive wells using an inverted microscope.
Quantitative PCR

In addition to the Limiting Dilution Assay, parasite
load was also estimated by qPCR in samples from five
BALB/c and C3H/He animals 90 days after infection.
Fragments of footpad, draining lymph node, spleen and
liver were lysed and DNA was extracted. Twenty
nanograms of total DNA were used in the PCR reaction
using SYBR Green and specific primers for Leishmania
minicircles (GGGTAGGGGCGTTCTGC and CCCGG
CCTATTTTACACCAACC) (Weirather et al., 2011).
Endogene control was used to ensure the amount of total
DNA in each sample. A standard curve with serial
dilutions of DNA from axenic Leishmania promastigotes
allowed the quantification of samples.
Statistical analysis

Statistical analyses of the lesion kinetics were
performed using the ANOVA test with Dunnet’s post-
test. Quantitative PCR was calculated by linear
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Fig. 1. Leishmania characterization by RFLP. A. Profile of HaeIII digestion of the hsp70 gene of Leishmania spp. B. Profile of HaeIII digestion of ITS1
of Leishmania spp. All profiles were visualized in 4% agarose gel stained with ethidium bromide. MM: 100bp molecular marker, Lb: L. braziliensis
(MHOM/BR/75/M2903), L. infantum (MHOM/BR/74/PP75) and L. amazonensis (IFLA/BR/67/PH8), MS501: MHOM/BR/2000/MS501 strain, NC:
negative control.



regression based on a standard curve and analyzed by t
test (Graphpad Prism Software Inc., San Diego, CA,
USA). For limiting dilution analysis positive wells were
scored and the minimal estimates of parasite frequencies
in infected tissues were calculated from the single-hit
Poison model equation by the statistical method of chi-
squared minimization using the ELIDA software
developed by Taswel (Taswell, 1981). 
Results

Leishmania characterization

The RFLP analysis identified the isolate
MHOM/BR/2000/MS501 as Leishmania (Leishmania)
amazonensis (Fig. 1). The sequence obtained from the
hsp70 gene aligned with the isolate sample showed 98%
identity with the hsp70 sequence from standard L.
amazonensis (GenBank EU599090.1). The isoenzymatic
analysis showed a profile which was compatible with L.
amazonensis in 9 of the 10 loci studied, also identifying
the isolate as Leishmania (Leishmania) amazonensis.

Kinetics of lesion development

There was a sharp difference in the course of
infection for the different strains of inbred mice infected
with 104 amastigotes of MHOM/BR/2000/MS501.
BALB/c, C57BL/6 and C57BL/10 developed fast-
growing lesions, which were already visible 30 days
post-infection and presented necrosis and ulceration at
the end of the experiment. CBA mice developed slow-
growing lesions, which ulcerated after ninety days.
DBA/2 mice presented a small non-ulcerated lesion,
while C3H/He did not develop any lesion, but a discreet
swelling at the infection-site, which resolved by itself
(Fig. 2).
Parasite quantification

The Limiting Dilution Assay performed at 90 days
post infection showed that the number of parasites at the
infection site correlated with the lesion size, ie. mouse
strains with bigger lesions presented higher amounts of
parasites. C3H/He, which did not present any lesions,
showed no parasites on the infection site, although its
lymph node was mildly colonized. The MHOM/
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Fig. 2. Kinetics of lesion development. Primary lesion kinetics of
different strains of inbred mice subcutaneously infected in the footpad
with 104 amastigotes of L. amazonensis. Results are expressed as the
difference in millimeters between the footpads that received amastigotes
and the non-infected footpads. BALB/c, C57BL/6 and C57BL/10 showed
progressive lesions from thirty days after infection until the end of
experiment. CBA mice initially controlled the infection but showed
severe lesions 90 days after infection. DBA/2 strain presented discrete
lesions and C3H/He did not develop any lesion showing high resistance
to the Leishmania infection.

Table 1. Quantity of parasites by limiting dilution analysis in different organs of mouse strains subcutaneously infected by injecting 104 L. amazonensis
promastigotes.

Tissues BALB/c C57BL/6 CBA C57BL/10 DBA/2 C3H/He

Paw 1,7x1023 2,9x1016 2,9x1015 1,2x1013 1,5x105 Neg
Lymph node 9,2x106 1,5x1010 8,5x104 2,4x107 1,4x103 3,2
Spleen 3,1x106 5,0x106 8,3x103 5,0x105 1,3x105 Neg
Liver 3,8x104 1,4x107 4,2x105 Neg Neg Neg

Fig. 3. Parasite quantification. Parasite quantification of two strains of
inbred mice subcutaneously infected in the footpad with 104 amastigotes
of L. amazonensis, 90 days post-infection by quantitative PCR. BALB/c
mice presented parasites in all studied organs while C3H/He presented
only few parasites in the draining lymph node.
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Fig. 4. Histopathology
of primary lesion.
Histopathological
analysis of primary
lesion, 90 days after
infection, in different
strains of inbred mice
subcutaneously
infected in the footpad
with 104 amastigotes of
L. amazonensis.
BALB/c (A-C). A. Skin
with intense parasitism
and vast areas of
necrosis (N) associated
with the destruction of
collagenous fibers type
I. B. Histiocytes (blue
arrows) and
inflammatory reaction
with granulocytes with
eosinophilic cytoplasm
(yellow arrows). 
C. Parasites (blue
arrows) associated with
inflammatory infiltrate
(In) in the muscular
layer. 
D, E. Inflammatory
infiltrate composed
predominantly by
macrophages and
eosinophils (yellow
arrows), destruction of
collagen fibers type I
and parasites (blue
arrows) among
muscular fibers in
C57BL/6 and C57BL/10
mice, respectively. 
F. CBA mice presented
vacuolated
macrophages heavily
parasitized (blue arrow)
and scarce
inflammatory infiltration.
G. Diffuse and mixed
inflammatory infiltration
with parasites (blue
arrows) until the deep
dermis in DBA/2 mice.
H. C3H/He strain with
discreet areas of
inflammatory reaction in
papillary dermis,
without parasites.
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Fig. 5. Histopathology of
lymph node.
Histopathological
analysis of draining
lymph nodes in different
inbred mice
subcutaneously infected
in the footpad with 104
amastigotes of L.
amazonensis 90 days
after infection. BALB/c
mice (A-C). A. Intense
colonization in the sub
capsular region and
intermediate sinuses
(blue arrows). 
B. Langerhans giant
cells (LC) and
eosinophils (yellow
arrows) among infected
macrophages (blue
arrows). C. Hyperplasia
of lymphoid nodules and
loss of its normal
architecture. 
D, E. Discrete areas of
necrosis and few
parasite forms (blue
arrows) in C57BL/6 and
C57BL/10, respectively.
F, G. Amastigote forms
(blue arrows) associated
with the inflammatory
infiltrate predominantly
eosinophilic (Eo) in CBA
and DBA/2 mice,
respectively. H. Areas of
intense cellular
proliferation on the
medullar sinus and
vacuolated macrophages
without amastigotes in
C3H/He mice.



BR/2000/MS501 L. amazonensis strain was able to
visceralize in most mouse strains. All but C3H/He
presented parasites in the spleen and the more
susceptible strains (BALB/c, C57BL/6 and C57BL/10)
were also colonized in the liver (Table 1). Quantitative
PCR corroborate these results showing visceralization of
BALB/c infection while C3H/He presented parasite
DNA only in the draining lymph node (Fig. 3).

Histopathological analysis

Histopathological analysis of the infection site
showed vacuolated macrophages filled with numerous
amastigotes in the dermis of all mice, except C3H/He. In
BALB/c, these histiocytes were frequently associated
with the destruction of collagenous fibers type I and vast
necrosis areas. The inflammatory reaction presented
granulocytes with eosinophilic cytoplasm extended from
the papillary dermis till the muscular layer (Fig. 4A-C).
In C57BL/6 and C57BL/10, a mixed infiltrate, with a
predominance of macrophages and eosinophils, was
observed associated with the destruction of collagen
fibers type I and parasites among muscular fibers (Fig.
4D,E). In CBA, the inflammatory infiltration was scarce,
but the tissue was heavily parasitized (Fig. 4F). DBA/2
mice showed diffuse and mixed inflammatory
infiltration with amastigotes observed until the deep
dermis (Fig. 4G). Mice from C3H/He strain exhibited
discrete areas of inflammatory reaction in the papillary
dermis without parasites (Fig. 4H).

The colonization of the draining lymph nodes was a
frequent finding and may be observed in all strains of
mice, except in the C3H/He. In BALB/c mice the tissue
colonization was intense in the sub capsular region and
intermediate sinuses were full of parasite-containing
histiocytes. Added to this, the Langerhans giant cells and
eosinophils could be observed among macrophages.
Besides, the organ presented hyperplasia of lymphoid
nodules and lost its normal architecture (Fig. 5A-C). In
C57BL/6 and C57BL/10 areas of necrosis and few
parasite forms were registered (Fig. 5D-E). In CBA and
DBA/2 mice, amastigote forms could be observed in
association with the inflammatory infiltrate which were
predominantly eosinophilic (Fig. 5F-G). On the lymph
nodes of C3H/He animals, areas of intense cellular
proliferation could be observed on the medullar sinus.
Although no amastigotes were visualized, vacuolated
macrophages could be observed (Fig. 5H). 

Histopathological analysis of the spleen detected
parasitized macrophages on BALB/c, C57BL/10, DBA/2
and C57BL/6 mice (Fig. 6A-D, respectively). Tissue
colonization was more intense in BALB/c mice (Fig.
6A). Hyperplasia of the white pulp was observed in
C57BL/6 animals (Fig. 6D). No alterations were
observed on the spleen of CBA and C3H/He mice (Fig.
6E,F).

On the liver, a mixed periportal inflammation
composed of monocytes and some granulocytes was
observed on BALB/c mice. Added to this, accentuated

degeneration of hepatocytes could also be registered
(Fig. 7A). The liver of C57BL/6, C57BL/10 and DBA/2
mice presented focal inflammatory infiltrates (Fig. 7B-
D, respectively), whereas on CBA the tissue showed
vascular congestion and an increase of the blood flow
(Fig. 7E). In the liver of C3H/He animals a discrete
degeneration of hepatocytes was observed (Fig. 7F).
Discussion

Leishmania protozoa can produce a large spectrum
of clinical diseases, ranging from a single cutaneous
ulcer that spontaneously heals, to chronic cutaneous or
mucocutaneous lesions that are non-healing or slow to
resolve and also to visceral disease that is generally fatal
in the absence of treatment (Anderson et al., 2009;
Marlow et al., 2013). This spectrum is highly dependent
both on Leishmania and host genetics. Different
Leishmania species produce different types of disease,
but also the genetic and immunological state of the host
can modulate its development. L. amazonensis is known
as an agent of tegumentary leishmaniasis, causing both
localized and diffuse diseases. Nevertheless, this species
has already been implicated in visceral cases both in
men and dogs (Barral et al., 1986; Tolezano et al., 2007).
In the mouse model, L. amazonensis can visceralize
sometime after infection, colonizing the spleen, liver and
bone marrow (Abreu-Silva et al., 2004).

In the present study we used inbred mice with
different patterns of susceptibility to characterize the
infection of an isolate of L. amazonensis obtained from a
visceral human case and study the influence of host
genetics in the pathology and visceralization of the
disease. We showed that this isolate caused different
degrees of colonization in different mouse strains,
showing that the genetics of the host have an influence
in the severity of infection. Visceralization to the spleen
occurred in all susceptible strains but to the liver only on
the more susceptible ones. Visceralization did not occur
on the resistant strain. 

In comparison to the dermis, colonization of visceral
organs imposes several challenges to the parasite, such
as surviving in higher temperatures and in an
environment with increased oxidant production (McCall
et al., 2013). Therefore, it has been demonstrated that L.
donovani is more resistant to nitric oxide and hydrogen
peroxide than L. major (Sarkar et al., 2012).
Transfection of some L. donovani genes into L. major
enhanced L. major survival at higher temperatures and
visceralization (Hoyer et al., 2001). The parasite A2
gene family is an example of a gene required for
visceralization; it is expressed in viscerotropic strains
such as L. donovani and L. infantum but it is only a
pseudogene in dermotropic ones, such as L. major and L.
tropica (Charest and Matlashewski, 1994; Ghedin et al.,
1997). When the L. donovani A2 gene was introduced
into L. major, the recombinant parasite demonstrated an
increased ability to survive in the spleen of BALB/c
mice, showing that A2 plays a role in the visceralization
of infection associated with L. donovani (Zhang and
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Fig. 6. Histopathology of spleen. Histopathological analysis of spleens from different inbred mouse strains subcutaneously infected in the footpad with
104 amastigotes of L. amazonensis, 90 days after infection. A-D. Parasitized macrophages (blue arrows) on BALB/c, C57BL/10, DBA/2 and C57BL/6,
respectively. A. BALB/c mice with more intense tissue colonization (blue arrows). D. C57BL/6 with the hyperplasia of white pulp (WP). E, F. Tissue
without alterations in CBA and C3H/He mice, respectively.
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Fig. 7. Histopathology of liver. Histopathological analysis of liver from different inbred mouse strains subcutaneously infected in the footpad with 104
amastigotes of L. amazonensis, 90 days after infection. A. BALB/c with periportal inflammation with monocytes (yellow arrow) and some granulocytes
(green arrow) and degeneration of hepatocytes (De). B, C, D. Focal inflammation (In) in C57BL/6, C57BL/10 (C) and DBA/2, respectively. E. Vascular
congestion and increase of the blood flow in CBA mice. F. Tissue with discrete degeneration of hepatocytes in C3H/He mice.



Matlashewski, 2001).
When it comes to the same species, however, some

work has been done studying the course of infection in
BALB/c mice infected with different isolates of L.
amazonensis obtained from patients with different forms
of the disease. Although a genetically homogeneous host
was used, the different isolates promoted different
courses of infection (Almeida et al., 1996), suggesting
that even different isolates have some determinants that
facilitate a cutaneous or visceral disease. In their work,
the two isolates obtained from visceral cases failed to
induce spleen enlargement or metastatic lesion and the
histopathological findings of the lesion were indicative
of partial resistance and control of the disease (Almeida
et al., 1996). In our work, however, the isolate from a
visceral human case caused a severe disease, not only in
BALB/c, but in several mouse strains. It caused a skin
lesion, as well as visceral disease. Nevertheless,
infection severity was different depending on the mouse
strain, demonstrating that, in spite of any genetic
determinants the parasite may have, host genetics are
still essential to determine disease progression and
visceralization.

Multiple works have tried to identify host genes that
can alter the fate of infection, especially in visceral
leishmaniasis. Bradley (1977) carried out a study using
25 different mouse strains infected by L. donovani,
which allowed him to separate mice into susceptible
(C57BL/6J, C57BL/10J and BALB/cJ) and resistant
(DBA/2, C3H/He, A and CBA, among others) groups.
Infection of F1 hybrids as well as intercrosses and
backcrosses was suggestive of a single gene control of
susceptibility against L. donovani. Indeed, this gene was
identified as Slc11a1 (formerly Nramp1), which was also
involved in susceptibility against Mycobacterium bovis
and Salmonella typhimurium (Vidal et al., 1993).
Slc11a1 codes for a proton/divalent cation antiporter,
which means it can transport divalent cations against a
proton gradient (Blackwell et al., 2001). It localizes to
membranes of late endosomes and lysosomes in
macrophages (Gruenheid et al., 1997). Therefore, a
mutation in this gene can interfere with the proton
transport from the phagolysosome into the cytosol,
having multiple effects on macrophage activation
(Blackwell et al., 2001). Slc11a1 has been shown to
regulate macrophage activation for antimicrobial activity
via the tumor necrosis factor-α (TNF-α)-dependent
production of reactive nitrogen intermediates (Blackwell
et al., 1994) and therefore influence the rate of
intracellular replication of several pathogens in
macrophages. The naturally occurring amino acid
change acts as a functional null and renders mice
susceptible to L. donovani (Vidal et al., 1995).

In the cutaneous species, much work has been done
with L. major, establishing the Th1xTh2 paradigm
which states that Th1 responses are protective while Th2
responses tend to favor infection. Therefore, BALB/c
mice are extremely susceptible to L. major because they
produce IL-4 very early in infection, leading to a

polarized Th2 response that is responsible for
suppressing Th1-cell development and inhibiting the
high-level secretion of IFN-γ that is required to activate
infected macrophages for parasite killing (Sacks and
Noben-Trauth, 2002). This paradigm however is not
absolute for L. major, as C57BL/6 was found to be
susceptible to the L. major Seidman strain (LmSd),
which was isolated from a patient with chronic lesions.
Despite eliciting a strong Th1 response, the infection
resulted in poor parasite clearance, and complete
destruction of the ear dermis (Charmoy et al., 2016).
Actually, many other quantitative trait loci were
identified as also being involved in resistance/
susceptibility to this parasite (Sakthianandeswaren et al.,
2009). The paradigm is definitely not true for New
World species, where a mixed response seems to prevail
(Ji et al., 2002). 

In the present study, BALB/c mice reproduced
leishmaniasis even in early stages of the infection and
developed progressive severe lesions characterized by
extensive areas of necrosis and muscular destruction of
the muscular fibers. Together with BALB/c, C57BL/6
and C57BL/10 have also developed a severe infection,
which visceralized to spleen and liver. C3H/He, however
presented the best control of infection, as seen by
Limiting Dilution Assay, quantitative PCR and
histological analysis. A remarkable feature of this strain
was the absence of lesions and parasites in all organs,
except in the draining lymph that showed a low number
of parasites and low inflammatory reaction. It presented
no visceralization. Finally, DBA/2 and CBA presented
an intermediate pattern of infection. DBA/2 displayed a
mild parasitism and a strong inflammatory reaction,
which culminated in muscular fiber destruction in the
footpad, while CBA presented bigger cutaneous lesion.
On both mouse strains, amastigotes could be found in
the spleen but not in the liver.

BALB/c, C57BL/6 and C57BL/10, which presented
more severe infection and extensive visceralization are
all part of the Slc11a1 susceptible group, i.e., present the
mutated gene. Although the mutation has been
implicated in the control of L. donovani, and is not
usually associated with species causing cutaneous
diseases; it might be that it influences visceralization
during L. amazonensis infection. On the other hand, it
cannot explain why C3H/He mice can resist infection
better that DBA/2 and CBA, as all three strains have the
same Scl11a1 genotype. The resistance of C3H/He mice
is a remarkable feature that needs to be investigated as it
could help us to understand the prognosis of infection.
One possible hypothesis is that C3H/He could have a
high production of nitric oxide and oxygenate radicals,
which are known to be effective mechanisms of parasite
killing.
Conclusions

Our results reinforce the idea that the pathogenesis
of leishmaniasis is related to the genetic background of
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the host, which influences the progress of cutaneous
lesion, as well as the visceralization of the parasite. This
idea may also be applied to human cases, where the
patient genetic background might explain the different
clinical outcomes, impacting disease prognostic (Matos
et al., 2007; Sardinha et al., 2011). The knowledge of the
genes involved in susceptibility and visceralization of
Leishmania parasites could help us understand the
variability and severity of clinical forms caused by the
same species of the parasite.
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