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Leishmania spp. cause a broad spectrum of diseases collectively known as leishmaniasis. Leishmania braziliensis is the main etiological agent of American cutaneous leishmaniasis (ACL) and mucocutaneous leishmaniasis. In the present study, we have developed an experimental model of infection that closely resembles
ACL caused by L. braziliensis. In order to do so, BALB/c mice were infected in the ear dermis with 105 parasites
and distinct aspects of the infection were evaluated. Following inoculation, parasite expansion in the ear
dermis was accompanied by the development of an ulcerated dermal lesion which healed spontaneously, as seen
by the presence of a scar. Histological analysis of infected ears showed the presence of a mixed inflammatory
infiltrate consisting of both mononuclear and polymorphonuclear cells. In draining lymph nodes, parasite
replication was detected throughout the infection. In vitro restimulation of draining lymph node cells followed
by intracellular staining showed an up-regulation in the production of gamma interferon (IFN-␥) and in the
frequency of IFN-␥-secreting CD4ⴙ and CD8ⴙ T cells. Reverse transcription-PCR of ears and draining lymph
node cells showed the expression of CC chemokines. The dermal model of infection with L. braziliensis herein
is able to reproduce aspects of the natural infection, such as the presence of an ulcerated lesion, parasite
dissemination to lymphoid areas, and the development of a Th1-type immune response. These results indicate
that this model shall be useful to address questions related to the concomitant immunity to reinfection and
parasite persistence leading to mucocutaneous leishmaniasis.
Protozoan parasites of the genus Leishmania cause a broad
spectrum of diseases, collectively known as leishmaniasis, that
occur predominantly in tropical and subtropical regions. The
leishmaniases are transmitted by different species of sand flies,
and depending on the Leishmania species involved and the
genetic makeup or immunological status of the host, different
clinical manifestations of the disease are observed. In this
sense, Old World cutaneous leishmaniasis caused by Leishmania major is usually benign; infection of human hosts leads to
the development of a localized cutaneous lesion that eventually heals, leading to the generation of lifelong immunity. In
contrast, New World cutaneous leishmaniasis caused by Leishmania braziliensis is distinguished from other leishmaniases by
its chronicity, latency, and tendency to metastasize in the human host (10). In New World cutaneous leishmaniasis, a single
ulcer with elevated borders and a necrotic center is frequently
observed and a chronic inflammatory response develops despite the paucity of parasites. In 1 to 5% of patients, mucocutaneous leishmaniasis may develop due to the ability of this
parasite species to persist within lesion scars after spontaneous
or chemotherapy-mediated healing and to its ability to metastasize to the nasal mucosa (33, 44). In this case, extensive tissue
destruction is observed as a result of the potent cell-mediated

immune response triggered by parasite replication, a hallmark
of mucosal leishmaniasis (30). More rarely, parasite invasion of
the bloodstream results in disseminated skin lesions (15).
Murine models of cutaneous leishmaniasis are a valuable
tool in dissecting mechanisms related to disease pathogenesis,
resistance to a secondary infection, and vaccine development
(reviewed in references 11, 21, and 42). The L. major murine
model of infection has generally relied on the inoculation of
large numbers of parasites (105 to 107) into subcutaneous sites,
typically the mouse footpad. Under these conditions, the
C57BL/6 mouse strain develops localized cutaneous lesions
which spontaneously resolve and it is protected from disease
upon a second inoculation with L. major. BALB/c mice, on the
contrary, develop severe and uncontrolled lesions that lead to
progressive disease. Therefore, upon experimental infection
with L. major, distinct aspects of the clinical spectrum of human cutaneous leishmaniasis can be reproduced and, in this
sense, C57BL/6 mice represent the resistant phenotype and
BALB/c mice represent the susceptible phenotype.
However, in the natural course of Leishmania transmission,
a small number of infective metacyclic parasites are introduced
into the skin of the vertebrate host by the sand fly. Accordingly,
Belkaid and colleagues have established a dermal experimental
model of infection that closely resembles the natural infection
(5, 6). In this situation, infection is initiated in the skin, which
is organized in dermal and epidermal compartments each containing specialized cells able to deal with exposure to the hostile agents present in the external environment (reviewed in
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reference 24) after the injection of a small number of parasites.
This type of experimental model has recently been established
for another New World Leishmania species, namely, L. amazonensis (16, 36). However, in contrast to L. amazonensis and
L. major, considerable less experimental work has been conducted with L. braziliensis in spite of the serious health problem posed by this parasite species in South America. This is
probably due to the facts that L. braziliensis does not easily
grow in vitro and that its conversion into metacyclics under
standard culture conditions is inefficient, requiring that a large
parasite inoculum (107 parasites) be used to successfully
achieve infection (27). Importantly, most mouse strains appear
to be resistant to infection with L. braziliensis (14, 35, 43). This
phenotype has been associated with the inability of L. braziliensis to inhibit the Th1-type immune response developed after
infection (18). In the present work, an experimental model of
American cutaneous leishmaniasis, caused by L. braziliensis,
has been established in BALB/c mice taking into account features of the natural course of transmission, such as the inoculation of a lower number of parasites (105) into a dermal site.
The resulting clinical outcome is similar to that observed in the
human host, particularly in terms of lesion ulceration, parasite
persistence, and immune response.
MATERIALS AND METHODS
Mice. Female BALB/c mice were obtained from the Centro de Pesquisas
Gonçalo Moniz/Fundaçáo Oswaldo Cruz Animal Facility, where they were maintained under pathogen-free conditions. Mice were used for experiments at 6 to
8 weeks of age by methods approved by The Animal Care and Utilization
Committee from CPqGM/FIOCRUZ.
Parasite culture, intradermal inoculation, and lesion measurement. L. braziliensis strain MHOM/BR/01/BA788 was isolated from a patient with cutaneous
leishmaniasis from the state of Bahia (northeastern Brazil) after brief (2–4)
passages in culture medium. This isolate was identified as L. braziliensis by using
PCR (12) and monoclonal antibodies (31). Promastigotes were grown in Schneider medium (Sigma Chemical Co., St. Louis, MO) supplemented with 100 U/ml
of penicillin, 100 g/ml of streptomycin, 10% heat-inactivated fetal calf serum
(all from Life Technologies, Rockville, MD), and 2% sterile human urine. Stationary-phase promastigotes (105 parasites in 10 l of saline) were inoculated
into the right ear dermis of age-matched BALB/c mice using a 27.5-gauge needle.
Lesion size was monitored weekly for 10 weeks using a digital caliper (Thomas
Scientific, Swedesboro, NJ).
Parasite load estimate. Parasite load was determined using a quantitative
limiting-dilution assay as described previously (48). Briefly, infected ears and
retromaxillar draining lymph nodes (LNs) were aseptically excised at 2, 4, 6, 8,
and 10 weeks postinfection and homogenized in Schneider medium (Sigma
Chemical Co., St. Louis, MO). The homogenates were serially diluted in Schneider medium supplemented as before and seeded into 96-well plates containing
biphasic blood agar (Novy-Nicolle-McNeal) medium. The number of viable
parasites was determined from the highest dilution at which promastigotes could
be grown out after up to 2 weeks of incubation at 25°C.
Histological analysis. Infected ears were removed postmortem at 5 and 9
weeks postinfection and fixed in 10% formaldehyde. After 12 to 24 h of fixation,
tissues were processed and embedded in paraffin and 5-m-thick sections were
stained with hematoxylin and eosin stain and analyzed by light microscopy.
Intracellular cytokine detection by flow cytometry. Reagents for staining cell
surface markers and intracellular cytokines were purchased from BD Biosciences, San Diego, CA. Single-cell suspensions of draining LNs were prepared
aseptically at 2, 4, 6, and 8 weeks postinfection with L. braziliensis or after
intradermal injection of phosphate-buffered saline (PBS). The cells were suspended in RPMI 1640 supplemented with 2 mM L-glutamine, 100 U/ml of
penicillin, 100 g/ml of streptomycin, 10% fetal calf serum (all from Life Technologies, Rockville, MD), and 0.05 M 2-mercaptoethanol dispensed into 96-well
plates. Cells were activated in the presence of anti-CD3 (10 g/ml) and antiCD28 (10 g/ml) for 12 h at 37°C in 5% CO2. After incubation for 4 h at 37°C
in the presence of 10 g/ml Brefeldin A (Sigma Chemical Co., St. Louis, MO),
cells were collected and incubated with anti-Fc receptor antibody (2.4G2). Each
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labeling was carried out on 106 cells for 30 min on ice in a 100-l volume. Cells
were double stained simultaneously with anti-mouse surface CD4 (L3T4) and
CD8 (53-6.7) conjugated to fluorescein isothiocyanate and Cy-Chrome, respectively. For the intracellular staining of cytokines, cells were permeabilized using
Cytofix/Cytoperm (BD Biosciences) and were incubated with the following anticytokine antibodies conjugated to phycoerythrin: for gamma interferon (IFN-␥),
XMG1.2; for interleukin-4 (IL-4), BVD4-1D11; for IL-5, TRFK-5; and for IL-10,
JES5-16E3. The isotype controls used were rat immunoglobulin G2b (A95-1)
and rat immunoglobulin G2a (R35-95). After staining, cells were fixed in 1%
paraformaldehyde and, for each sample, 104 cells were analyzed. Data were
collected and analyzed using CELLQuest software and a FACSort flow cytometer (Becton Dickinson Immunocytometry System, San Jose, CA).
Cytokine detection by ELISA. For measurement of in vitro cytokine production, single-cell suspensions of draining LNs were prepared aseptically at 2, 4, 6,
and 8 weeks postinfection. The cells were diluted to 5 ⫻ 106 cells/ml in RPMI
1640 supplemented with 2 mM L-glutamine, 100 U/ml of penicillin, 100 g/ml of
streptomycin, 10% fetal calf serum (all from Life Technologies, Rockville, MD),
and 0.05 M 2-mercaptoethanol and dispensed into 96-well plates with or without
stationary-phase L. braziliensis promastigotes (five parasites to one cell) or concanavalin A (10 g/ml) (Amersham Pharmacia Biotech, Piscataway, NJ). Cultures were incubated at 37°C in 5% CO2. Supernatants were harvested at 48 h
and assayed for IL-4 and IL-10 or at 72 h and assayed for IFN-␥. Cytokine
presence was determined by an enzyme-linked immunosorbent assay (ELISA)
using commercial kits (BD Biosciences, San Diego, CA). Cytokine production of
lymph node cells from mice injected with PBS was below the detection level of
the kits used: for IFN-␥, 55 pg/ml; for IL-4, 5.5 pg/ml; for IL-10, 3 pg/ml.
RNA isolation and chemokine detection by RT-PCR. Infected ears and draining LNs were excised at 2, 4, 6, and 8 weeks postinfection, and total RNA was
extracted using Trizol reagent (Invitrogen, Carlsbad, CA) as specified by the
manufacturer. Synthesis of the first-strand cDNA was performed on 1 g of total
RNA using the SuperScript III First-Str Synthesis System for reverse transcription (RT)-PCR (Invitrogen, Carlsbad, CA). The resulting cDNA was employed
in PCR using primers for CCL2/monocyte chemoattractant protein 1 (MCP-1),
CCL3/macrophage inflammatory protein 1␣ (MIP-1␣), CCL4/MIP-1␤, CCL5/
RANTES, and ␤-actin as described previously (47). Amplification products were
visualized in 6% polyacrylamide gels stained with ethidium bromide.
Statistical analysis. The data are presented as means ⫾ standard errors of the
means. The significance of the results was calculated by a nonparametric one-way
analysis of variance test (Kruskal-Wallis) using Prism (GraphPad Software, San
Diego, CA), and a P value of ⬍0.05 was considered significant.

RESULTS
BALB/c mice inoculated with L. braziliensis in the ear dermis
develop an ulcerated lesion. To establish a natural model of
American cutaneous leishmaniasis caused by L. braziliensis,
parasites were inoculated in the ear dermis of BALB/c mice. In
preliminary experiments, we observed that the inoculation of
105 stationary-phase promastigotes was able to induce ulcerated lesions in the majority of infected mice. After intradermal
inoculation, lesion size was examined weekly over a period of
10 weeks. Infected mice developed a detectable lesion at week
3 (Fig. 1A). Lesion size progressed steadily and reached a
maximum of 1 mm at week 5. Thereafter, lesion size regressed
and complete ear scarring was observed at week 9 postinfection. Ear induration or lesion recurrences were not observed
up to 9 months postinfection (data not shown). The dermal
lesion observed at week 5 was nodular and ulcerated, with
elevated borders and a sharp crater (Fig. 1B) similar to the
dermal lesion observed in patients with cutaneous leishmaniasis caused by L. braziliensis.
Parasite load in the ear dermis differs from the parasite
load in draining LNs of L. braziliensis-infected mice. To investigate if there was a correlation between lesion development
and parasite replication, parasite load was estimated at both
the inoculation site and draining LNs. In the ear dermis (Fig.
2), parasite expansion was observed at week 2 and progressed
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FIG. 2. Parasite load estimate in BALB/c mice after intradermal
inoculation of L. braziliensis. Mice were infected with 105 L. braziliensis
promastigotes. Ear (open bars) and draining lymph node (solid bars)
parasite loads were determined at 2, 4, 6, 8, and 10 weeks postinfection
via a limiting dilution assay. The data represent the means and standard errors of the means from three independent experiments, each
performed with five mice.

FIG. 1. Inoculation of L. braziliensis into the ear dermis of BALB/c
mice leads to the development of an ulcerated lesion. (A) Mice were
infected with 105 L. braziliensis promastigotes, and the course of lesion
development was monitored for 10 weeks. Lesion sizes (in millimeters)
are expressed as means and standard errors of the means from three
independent experiments, each performed with five mice. (B) Photomicrograph of a mouse ear at 5 weeks postinfection demonstrating
lesion ulceration.

steadily up to week 6, at which time a 1,000-fold increase (⬃108
parasites/ear) was detected and lesion size reached its peak.
From week 6 onward, the parasite load decreased and, after
week 8, parasites were no longer detected in the ear dermis by
either the limiting dilution assay or immunohistochemistry using an anti-Leishmania antibody (data not shown). At this
time, healed lesion showed the presence of a scar; ear thickness, however, remained above 0.2 mm, the baseline thickness
for a noninfected ear (Fig. 1A). In draining LNs (Fig. 2),
parasite load reached a peak of ⬃104 parasites/ear at week 2
and remained at this level throughout the infection. Interestingly, we observed an increase in the cell number of lymph
nodes draining the infection site: 1 ⫻ 107 cells at 2 weeks
postinfection compared to 3.6 ⫻ 107 cells at 6 weeks postinfection, indicating that enlargement of the regional lymph
nodes as seen in the natural infection (4) was also reproduced
in this experimental model.

Inflammatory response changes during lesion evolution in
L. braziliensis-infected BALB/c mice, and this correlates with
the control in parasite load. To analyze the inflammatory response in the ear lesions, histological aspects were evaluated.
Following inoculation of the ear dermis with 105 L. braziliensis
promastigotes, lesions exhibited a progressive increase in the
inflammatory infiltrate. Five weeks postinfection (Fig. 3A), the
inflammatory response was composed of polymorphonuclear
cells, numerous macrophages, most of them heavily parasitized, and foam cells (Fig. 3B). Vascular changes and tissue
necrosis were observed in parallel with ulcer formation. At 9
weeks postinfection, initial deposition of collagen could be
seen, indicating the beginning of the cicatrisation process (Fig.
3C). The inflammatory infiltrate consisted mainly of macrophages, epithelioid cells with scarce foam cells, lymphocytes,
and parasites. Few plasma cells and polymorphonuclear cells
were observed (Fig. 3D)
IFN-␥ is constantly produced by CD4ⴙ and CD8ⴙ T cells in
draining LN of L. braziliensis-infected mice. Since parasite
killing is associated with IFN-␥ production, draining LN cells
were stained for intracellular cytokine expression and analyzed
by flow cytometry. The steady-state frequencies of cytokinepositive cells were determined using lymph node cells from
mice inoculated with PBS. The frequency of CD4⫹ T cells
producing IFN-␥ and antiinflammatory cytokines is shown in
Fig. 4. The frequency of IFN-␥-producing CD4⫹ T cells increased from week 2 to week 6 postinfection and decreased by
week 8. This decrease was statistically significant compared to
week 6 (P ⬍ 0.05) (Fig. 4). The frequency of IL-4-producing
CD4⫹ T cells increased from weeks 2 to 4 postinfection and
decreased by week 8. Statistically significant differences in IL-4
production were observed between weeks 4 and 8 (P ⬍ 0.05)
(Fig. 4). IL-5 and IL-10 secretion by CD4⫹ T cells did not
change significantly throughout the infection, although the
percentage of IL-10-secreting CD4⫹ T cells was higher than
the frequency of IL-5-secreting cells (Fig. 4). We also analyzed
the frequency of cytokine-producing CD8⫹ T cells (Fig. 5). We
observed an increase in the production of IFN-␥ by CD8⫹ T
cells from week 2 to weeks 6 and 8 postinfection (P ⬍ 0.01) and
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from week 4 to week 6 (P ⬍ 0.05). The highest expression of
IFN-␥ was at week 6, and surprisingly, this expression was
maintained at week 8, differently from IFN-␥-producing CD4⫹
T cells. Moreover, the mean expression of IFN-␥ by CD8⫹ T
cells was higher than that by CD4⫹ T cells (7% versus 3.8%).
Also in contrast to CD4⫹ T cells, the highest frequency of
IL-4-, IL-5-, and IL-10-producing CD8⫹ T cells was observed
at week 6 postinfection and decreased by week 8.
To determine whether the expression of intracellular cytokines in CD3-CD28-activated draining LN cells correlated with
protein expression in L. braziliensis-stimulated draining LN
cells, the levels of IFN-␥, IL-4, and IL-10 in LN cell culture
supernatants were determined by ELISA (Fig. 6). Lesion development and parasite multiplication in draining LNs were
associated with the production of IFN-␥, IL-4, and IL-10. Accordingly, cytokine secretion was highest 2 weeks postinfection
and thereafter, secretion of IL-4 and IL-10 decreased whereas
secretion of IFN-␥ remained high until 8 weeks postinfection.
CC chemokines are expressed in ears and draining LNs of
L. braziliensis-infected mice. To study the expression of CC
ckemokines, RNA from infected ears and draining LNs was
probed by RT-PCR. The steady-state cytokine expression was
determined using ear and lymph node cells from uninfected
mice. In the ear dermis, CCL2/MCP-1 was detected at 2 and at
4 weeks postinfection (Fig. 7A), which correlated with the peak
lesion size and parasite load (Fig. 1A and 2). CCL5/RANTES
expression in the ear was detected at 4 and 6 weeks postinfection (Fig. 7A). Expression of either CCL3/MIP-1␣ or CCL4/
MIP-1␤ was not detected at this site. In draining LNs, CCL2/
MCP-1 expression was detected from 2 to 6 weeks
postinfection whereas CCL3/MIP-1␣, CCL4/MIP-1␤, and
CCL5/RANTES were expressed throughout the infection (Fig.
7B).
DISCUSSION
Currently, experimental models to study cutaneous leishmaniasis caused by L. braziliensis involve the inoculation of
high numbers of parasites into the mouse footpad (14, 22, 35).
In the footpad model, mice develop a transient lesion that
resolves spontaneously due to the development of a strong
Th1-type immune response following infection (18). In an attempt to reproduce the natural biology of Leishmania transmission, Belkaid et al. established a dermal model of infection
in which low numbers of L. major promastigotes are inoculated
into the ear dermis of mice (5). In the present study, we have
established a similar model using L. braziliensis. Following
inoculation of parasites into the ear dermis, BALB/c mice
develop a cutaneous lesion similar to that developed by patients with American cutaneous leishmaniasis: localized and
ulcerated, with elevated borders and a sharp crater (23, 28),

FIG. 3. Histological aspects of ear lesions in BALB/c mice after
intradermal inoculation of L. braziliensis. BALB/c mice (five mice per
group) were infected with 105 L. braziliensis promastigotes. Ears were
removed at 5 (A and B) and 9 (C and D) weeks postinfection and
stained with hematoxylin and eosin stain. (A) Ulcerated lesion showing

extensive fibrinoid necrosis and inflammatory infiltrate extending up to
the epidermis. Magnification, ⫻40. (B) Parasitized macrophages are
indicated by thin arrows, and polymorphonuclear cells are indicated by
broad arrows. Magnification, ⫻1,000. (C) Epidermal reconstitution
accompanies the healing process. Magnification, ⫻100. (D) Macrophages are indicated by thin arrows, and epithelioid cells are indicated
by broad arrows. Magnification, ⫻400.
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FIG. 4. Intracellular cytokine production by CD4⫹ T cells from
BALB/c mice after intradermal inoculation of L. braziliensis. Mice
were inoculated with PBS or with 105 L. braziliensis promastigotes. At
2, 4, 6, and 8 weeks postinfection, draining lymph nodes were pooled
and cells were preincubated with Brefeldin A for 4 h before being
stained. Data represent the percentages of cells with signals for the
particular cytokine that were greater than the background signals established using isotype controls. The data represent the means and
standard errors of the means from three independent experiments,
each performed with five mice per group. *, P ⱕ 0.05.

reinforcing the notion that the site of infection plays an important role in disease outcome (3).
The conversion of L. braziliensis into metacyclic parasites is
very inefficient in standard culture conditions, and although L.
braziliensis metacyclic purification has been reported (37), we
failed in obtaining agglutinated parasites for intradermal infection. In this study, dermal lesions were observed following
the inoculation of 105 stationary-phase parasites whereas previous studies using this same parasite strain showed that the
inoculation of 107 parasites into the footpads of BALB/c mice
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FIG. 5. Intracellular cytokine production by CD8⫹ T cells from
BALB/c mice after intradermal inoculation of L. braziliensis. Mice
were inoculated with PBS or with 105 L. braziliensis promastigotes. At
2, 4, 6, and 8 weeks postinfection, draining lymph nodes were pooled
and cells were preincubated with Brefeldin A for 4 h before being
stained. Data represent the percentages of cells with signals for the
particular cytokine that were greater than the background signals established using isotype controls. The data represent the means and
standard errors of the means from three independent experiments,
each performed with five mice per group. *, P ⱕ 0.05; **, P ⬍ 0.01.

leads to, comparatively, mild increases in footpad thickness
(22).
In the footpad model, BALB/c mice infected with L. braziliensis develop a local inflammation consisting of epithelioid
macrophages and polymorphonuclear cells (19, 22). These
same cell populations were recruited to the ear dermis. However, a marked recruitment of neutrophils was observed during
the infection. The participation of neutrophils in cutaneous
leishmaniasis lesions has been reported elsewhere (2, 26). In
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FIG. 6. Cytokine production in BALB/c mice after intradermal inoculation of L. braziliensis. Mice were infected with 105 L. braziliensis
promastigotes. At 2, 4, 6, and 8 weeks postinfection, draining lymph node cells were collected and stimulated (solid bars) or not (open bars) with
L. braziliensis for 48 h (IL-4 and IL-10) or 72 h (IFN-␥). Cytokine levels in supernatants were determined by ELISA. The data represent the means
and standard errors of the means from three independent experiments, each performed with five mice per group.

resistant C57BL/6 mice, neutrophils prevent the growth of L.
major and neutrophil depletion exacerbates infection (41). The
cross-linking of CD28 on neutrophils results in the release of
IFN-␥ which, in turn, restricts parasite replication within macrophages (50). In L. major-infected BALB/c mice, however,
the transient depletion of neutrophils leads to a decreased

FIG. 7. Chemokine mRNA expression in BALB/c mice after intradermal inoculation of L. braziliensis. Mice were infected with 105 L.
braziliensis promastigotes. At 2, 4, 6, and 8 weeks postinfection, total
RNA was obtained from pooled ears (A), draining lymph nodes (B),
and uninfected mice (UN). Total RNA was used in RT-PCR for the
amplification of CCL2/MCP-1, CCL3/MIP1-␣, CCL4-MIP1-␤, CCL5/
RANTES, and ␤-actin. Data shown are from a single experiment
representative of three separate experiments, each performed with five
mice.

Th2-type immune response and partial resolution of footpad
lesions (46). Therefore, it is possible that neutrophils actively
played a protective role in our experimental model, as seen
with L. major-infected B6 mice. However, we have yet to determine how this protection is mediated.
In experimental models of cutaneous leishmaniasis, resistance is dependent on the development of a predominant Th1
response leading to parasite growth control, lesion healing, and
the development of protective immunity (29, 40, 42). Failure to
mount this type of response results in progressive disease.
Accordingly, BALB/c mice are relatively resistant to infection
with L. braziliensis due to the potent Th1 immune response
that develops following infection characterized by high levels
of IFN-␥ and low levels of IL-4 and IL-10 (18). Using the
footpad model of infection, it has been shown that Leishmaniareactive CD8⫹ T cells are found in higher numbers in resistant
mice (49). The role of CD8⫹ T cells has recently been reexamined in the context of dermal infection with L. major, where
lesion development was paralleled by parasite killing at the ear
dermis and this outcome was associated with the accumulation
of CD8⫹ T cells in the skin and with their capacity to release
IFN-␥ upon stimulation (8). In the present study, infection of
the ear dermis in mice led to a strong production of IFN-␥,
secreted by both CD4⫹ and CD8⫹ T cells. The early presence
of IFN-␥ correlated with the control of parasite replication in
the ear dermis and, consequently, lesion healing. Since no
overt pathology was observed, we conclude that the proinflammatory effects of IFN-␥ were correctly balanced by the presence of IL-4, IL-5, and IL-10, which were also detected during
infection. Importantly, this immune response was effective at
eliminating parasites from the ear dermis; however, parasite
persistence was observed within draining lymph nodes.
Using the footpad model, we recently showed that this particular strain of L. braziliensis induces the expression of CCL2/
MCP-1, CCL3/MIP-1␣, and CXCL1/KC in BALB/c mice (47).
CCL2/MCP-1␣ and CCL3/MIP-␣ are potent chemoattractants
for monocytes (20, 25), and their expression in the ear and
draining LNs of L. braziliensis-infected mice may recruit host
cells, promoting parasite multiplication and lesion development. Later during infection, CCL2/MCP-1 expression in the
ear dermis may be related with lesion healing since this chemokine participates in the induction of leishmanicidal activities in murine macrophages (9). CCL3/MIP-1␣, CCL4/MIP1␤, and CCL5/RANTES expression in draining LNs may
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contribute to the rapid development of a Th1-type immune
response which, interestingly, cannot eliminate the parasites
present at this same site. On the other hand, it is possible that
L. braziliensis is interfering with the apoptosis of host cells, as
has been shown in the infection of macrophages with Leishmania donovani promastigotes (34).
Parasite persistence may be related either to immune evasion or immunosuppression. It has been shown that both mice
and humans continue to harbor parasites in the lymphoid tissue after spontaneous or chemotherapy-mediated healing (1,
39, 44). In the L. major model of infection, persisting parasites
were associated with LN fibroblasts which, compared to macrophages, have a reduced ability to kill intracellular L. major.
Moreover, it has been demonstrated that human skin fibroblasts are able to uptake Leishmania parasites (13, 17, 45).
Although we have not determined which cell type is harboring
L. braziliensis within LNs, fibroblasts seem a likely target. In
terms of immunosuppression, participation of regulatory T
cells in L. major persistence has also been described (7, 32).
Regulatory T cells may therefore play a beneficial role by
controlling overt pathology and ascertaining immunity to reinfection. Importantly, we observed that healed mice are immune to a challenge infection with L. braziliensis in the ear
dermis (data not shown). Protection against homologous and
heterologous challenge has been observed elsewhere following
an L. braziliensis primary infection (27, 38).
The study presented here shows that BALB/c mice infected
in the ear dermis with L. braziliensis develop ulcerated lesions
that heal spontaneously. Lesion regression is safeguarded by
the development of a powerful Th1 immune response, where
CD8⫹ T cells may play an important role in parasite elimination. However, this cellular immune response is unable to
control parasite replication in draining LNs. Since the dermal
inoculation of L. braziliensis showed herein actively reproduces
many aspects of the natural infection, this model now enables
us to address the basic immunological mechanisms of persistence leading to either mucocutaneous or, most importantly,
protective immunity.
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