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Leishmania braziliensis isolates differing at the genome level display
distinctive features in BALB/c mice
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Abstract

Leishmania braziliensis is the species responsible for the majority of cases of human cutaneous leishmaniasis in Brazil. In the present study,
L. braziliensis isolates from two different geographic areas in Brazil were studied by RAPD, using arbitrary primers. We also evaluated other
biological features of these two isolates. We compared (a) the clinical features they initiate or not once delivered subcutaneously as
stationary-phase promastigotes in the footpad of BALB/c mice; (b) the parasite load in both the footpad and the draining lymph node; (c) the
cytokines present in the supernatant of cultures of the cell suspensions from the draining lymph nodes; and (d) the cell types present at the site
of parasite delivery. The results show that the L. braziliensis strain from Ceará (H3227) is genotypically different from the L. braziliensis strain
from Bahia (BA788). H3227-parasitized mice developed detectable lesions, whereas BA788-parasitized mice did not. Fifteen days post
parasite inoculation there was an increase in the numbers of macrophages and lymphocytes in the footpads, whatever the parasite inoculum.
Parasite load at the inoculation site—namely the footpad—did not differ significantly; in draining lymph nodes, however, it increased over the
period under study. Early after parasite inoculation, the cells recovered from the draining lymph nodes of BA788-parasitized mice produced
higher levels of IFN-c, a feature coupled to a higher number of NK cells. Later, after the parasite inoculation, there was an increased content
of IL-12p70 and IL-10 in the supernatant of cells recovered from the lymph nodes of H3227-parasitized mice. This comparative analysis points
out that L. braziliensis isolates differing in their genomic profiles do establish different parasitic processes in BALB/c mice.
© 2004 Elsevier SAS. All rights reserved.
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1. Introduction

Leishmania is the etiological agent of leishmaniasis, a
parasitic disease with diverse clinical manifestations in hu-
man beings and other mammals. The mammalian organism
becomes a parasitized host when the sand fly probes the skin
for a blood meal, injecting metacyclic promastigotes to-
gether with saliva. Leishmania braziliensis parasites usually

cause a self-healing ulcer at the site of parasite delivery;
however, parasites may also metastasize to the naso-
pharyngeal tract—a process that is thought to be the starting
event leading to mucocutaneous leishmaniasis [1]. More
rarely, parasite invasion of the bloodstream results in dis-
seminated skin lesion [2].

Extensive studies using L. major have been interpreted
according to the following frame. The resistance or the sus-
ceptibility to disease, in different mouse strains, is bound by
genetic determinants of the host [3]: resistance is mediated
by a Th1-type cellular immune response, characterized by
the presence of high levels of IFN-c and low levels of IL-4;
susceptibility is mediated by a Th2-type cellular immune
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response, characterized by low levels of IFN-c and high
levels of IL-4. Not only do these cytokines act on parasite-
loaded cells or further host cells by killing the parasites or
preventing their replication, but they also contribute to the
inflammatory processes occurring in the parasite-loaded tis-
sue. In contrast to L. major, considerably less experimental
work has been conducted with L. braziliensis, probably
because most mouse strains do not display lesions at the site
of inoculation of L. braziliensis [4,5]. This phenotype (ab-
sence of lesion) has been associated with the inability to
sustain a strong type 2 immune response [6]. Nonetheless, it
has been shown that skin biopsies from patients with cutane-
ous leishmaniasis caused by L. braziliensis displayed IFN-c,
TNF-a [7] and iNOS[8]. These cytokines play a key role in
the control of the parasite load and, in parallel, contribute to
the development of intense inflammatory processes at the
parasite inoculation site.

Alternatively, it has been shown that the parasite also
plays a role in determining the parasitic process outcome, i.e.
disease or long-term asymptomatic parasitism. For example,
once located in the skin, the development of L. amazonensis
is known to lead to many different clinical presentations,
including localized cutaneous lesions, mucocutaneous and
visceral leishmaniasis, in humans [9], some of these features
being reproduced in mice [10]. More recently, it was shown
that genotypic characteristics of L. mexicana could be corre-
lated with features of the clinical disease [11] and that L.
major isolates from the field show differences in pathogenic-
ity upon inoculation into BALB/c mice [12]. Therefore,
variation in the pathogenicity of the parasite, which is related
to its genetic diversity, is also an important factor influencing
the clinical features of leishmaniasis. Although extensive
genetic diversity has been documented in L. braziliensis
[13], it was correlated with geographical origin [14,15] and
not with clinical manifestations of the disease.

In the present study, we used molecular techniques to
examine the genetic polymorphism of L. braziliensis strains
isolated from two states in Brazil, namely Ceará and Bahia,
located in northeastern Brazil. Both Ceará and Bahia are
endemic for cutaneous leishmaniasis caused by L. brazilien-
sis. In Ceará, however, the cutaneous lesion is accompanied
and sometimes preceded by an impressive enlargement of
regional lymph nodes, whereas in Bahia, such findings have
not been documented. We have also examined (a) the cell
types present at the site of parasite delivery and (b) the
cytokine production after in vitro re-stimulation of the cells
recovered from the draining lymph nodes and the cell types
present at the site of parasite delivery.

2. Materials and methods

2.1. Mice

Male 4–6-wk-old BALB/c mice were obtained from
CPqGM/FIOCRUZ Animal Facility, where they were main-

tained under pathogen-free conditions. The Animal Care and
Utilization Committee from CPqGM/FIOCRUZ approved
all experimental procedures.

2.2. Parasite culture

The L. braziliensis strains MHOM/BR/94/H3227 and
MHOM/BR/01/BA788 used were isolated from cutaneous
ulcers from patients with cutaneous leishmaniasis, from the
states of Ceará and Bahia (northeastern Brazil), respectively,
after brief (2–4) passages in culture medium. Both isolates
were identified as L. braziliensis by PCR [16] and mono-
clonal antibodies [17]. Promastigotes were grown in 199 me-
dium (Gibco, Grand Island, NY) at 25 °C supplemented with
10% heat-inactivated fetal calf serum, 20 mM Hepes, 4 mM
NaHCO3, 100 U/ml of penicillin and 100 µg/ml streptomycin
(all from Gibco).

2.3. The readout assay for typing some signatures
of polymorphism of the parasites at the nuclear genomic
level

Genomic DNA extraction, RAPD (Random amplification
of polymorphic DNA) was done as described [18]. Briefly,
150 ng of parasite DNA was amplified in a final reaction
volume of 25 µl containing 10 mM Tris–HCl pH 8.5, 1.5 mM
MgCl2, 50 mM KCl, 200 µM each dNTP, 1.5 U Taq DNA
polymerase (Invitrogen, Carlsbad, CA) and 1.25 µM of either
primer 3302 (5′-CTGATGCTAC-3′); 3303 (5′-
TCACGATGCA-3′) or 3304 (5′-GCACTGTCA-3′). The
amplification cycles consisted of an initial denaturation step
at 95 °C for 5 min, two cycles with denaturation at 95 °C for
30 s, annealing at 30 °C for 2 min and extension at 72 °C for
1 min, followed by 33 cycles in which annealing was in-
creased to 40 °C. Ten-microliter samples were analyzed by
electrophoresis in 1.5% agarose gels stained with ethidium
bromide.

2.4. Inoculation of parasites into mice

Stationary-phase promastigotes were inoculated subcuta-
neously into the hind left footpad of BALB/c mice at a dose
of 106 parasites in 20 µl of saline. Observation of lesion
development was made at weekly intervals and footpad
swelling was measured in millimeters by a dial gauge caliper.
Lesion size was defined as the increase in footpad thickness
after subtraction of the size of the controlateral uninfected
footpad.

2.5. Parasite load estimate

Parasite load was determined using the quantitative limit-
ing dilution assay as described [19]. Briefly, popliteal lymph
nodes draining the infected footpad were aseptically excised
and homogenized with a tissue glass grinder in 2 ml of
Schneider’s medium (Sigma, St. Louis, MO). The homoge-
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nates were serially diluted in Schneider’s medium supple-
mented with 100 U of penicillin/ml, 100 µg/ml of
streptomycin/ml, 10% heat inactivated fetal calf serum
(Gibco) and 2% sterile human urine in 96-well plates con-
taining biphasic blood agar medium. The number of viable
parasites was determined from the highest dilution at which
promastigotes could be grown out after up to 3 weeks of
incubation at 25 °C.

2.6. Culture of lymph node cells and quantitation
of cytokine in the culture supernatants

For measurement of in vitro cytokine production, single-
cell suspensions of infected footpad draining popliteal lymph
nodes were prepared aseptically at 3 and 15 days post infec-
tion. The cells were diluted 5 × 106cells/ml and dispensed
into 96-well plates with L. braziliensis H3227 or BA788 live
promastigotes (stationary phase), at a ratio of five parasites to
one cell, or without parasites, in RPMI-1640 medium
(Gibco) containing 2 mM L-glutamine, 100 U of
penicillin/ml, 100 µg/ml of streptomycin/ml, 10% heat inac-
tivated fetal calf serum (Gibco) and 0.05 mM
b-mercaptoethanol. Cell culture supernatants were harvested
after 48 h (for IL-4, IL-10 and IL-12p70 measurement) or
72 h (for IFN-c measurement) of culture at 37 °C in 5% CO2.
Levels of IFN-c, IL-4, IL-10 and IL-12p70 were determined
by ELISA using commercial kits (BD Biosciences, San Di-
ego, CA). The cytokine production of lymph node cells from
non-infected animals, upon stimulation with live L. bra-
ziliensis promastigotes, was below the detection level of the
kits used for cytokine detection.

2.7. Flow cytometric analysis

To characterize leukocytes present in the inoculation site,
infected foot tissue was collected at 3 and 15 days post
infection and incubated 1 h at 37 °C, in RPMI-1640 medium
containing 2 mM L-glutamine, 100 U of penicillin/ml,
100 µg/ml of streptomycin/ml, 10% heat inactivated fetal calf
serum (all from Gibco), 0.28 units/ml of Liberase CI (Roche,
São Paulo, SP). Foot tissues were processed in the presence
of 0.05% DNAse (Sigma-Aldrich, St. Louis, MO) using
Medimachine (BD Biosciences, San Diego, CA) according
to the manufacturer’s instructions. After processing, cell vi-
ability was assessed by trypan blue exclusion and cells were
filtered trough a 50-µm filter and washed before flow cytom-
etry analysis. Viable leukocytes were incubated with antibod-
ies specific to GR-1, Mac-1, NK 1.1, CD3 or MHC class II
molecules or with isotype control antibodies (all from BD
Biosciences, San Diego, CA) for 30 min at 4 °C in the dark.
Cells were washed and resuspended in PBS, 1% formalde-
hyde. For each sample, 10,000 cells were examined. Data
were acquired using a FACScan flow cytometer (BD Bio-
sciences) and analyzed using CellQuest software (BD Bio-
sciences).

2.8. Statistical analysis

The data are presented as mean ± standard error of the
mean. The significance of the results was calculated by Stu-
dent’s t-test, except for the parasite load analysis, over time,
within the BA788- and H337-infected mice groups where
ANOVA was used. All analyses were performed using Prism
(Graph Pad Software, San Diego, CA) software and a
P-value <0.05 was considered significant.

3. Results

3.1. The BA788 and H3227 L. braziliensis strains display
genomic polymorphisms: a study with RAPD

In preliminary experiments, we investigated the degree of
genetic polymorphism by RAPD between six L. braziliensis
isolates, two from Ceará (MHOM/BR/94/H3227,
MHOM/BR/94/H3456) and four from Bahia (MHOM/
BR/00/BA711, MHOM/BR/02/BA427, MHOM/BR/02/
806 and MHOM/BR/01/BA788). In these experiments, the
genomic profiles obtained with the isolates from Ceará were
different from those obtained with the isolates from Bahia
(data not shown); data obtained with two representative iso-
lates, namely BA788 (Bahia) and H3227 (Ceará), are shown
(Fig. 1). RAPD generated 43 amplified bands, varying from
100–2000 bp in length, of which six are common to the two
strains. The most diverse genomic profiles were obtained
with primers 3303 and 3304, in which 26 of the 35 amplified
fragments were polymorphic. The distinct genomic profiles
obtained for strains BA788 and H3227, with the three prim-
ers tested here, assess DNA polymorphism between these L.
braziliensis strains.

Fig. 1. Genomic profiles of L. braziliensis strains BA788 and H3227.
Genomic DNA of each L. braziliensis strain was subjected to RAPD using
primers 3302, 3303 and 3304. MW; 100 bp ladder DNA size marker.
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3.2. The amplitude of the transient clinical features
occurring at the site of L. braziliensis delivery differs
according to whether the isolate is BA788 or H3227

The genomic polymorphism observed between BA788
and H3227 prompted us to investigate whether these strains
might display differences in pathogenicity upon inoculation
into mice of an inbred strain. BALB/c mice received, subcu-
taneously in the footpad, 106 promastigotes of either BA788
or H3227 (Fig. 2). Small increases in footpad thickness were
observed early after infection (6 h to 5 days). Mice infected
with H3227 developed lesions detectable at 7 days post
inoculation. Lesions progressed steadily, peaked at 15 days
post parasite inoculation and gradually resolved 30 days post
infection. At this time, we observed the presence of a small
nodular lesion associated with cutaneous fibrosis (data not
shown). All lesions caused by H3227 L. braziliensis were
unulcerated. Even at maximum size, lesions remained non-
ulcerative and non-necrotic. In mice infected with BA788, in
contrast, no similar transient pathogenic processes were no-
ticed. The differences in footpad thickness, between both
groups of mice, were significant (P < 0.05) in the period
ranging from 10–20 days post inoculation.

3.3. The phenotypic composition of leukocytes present at
the site of BA788 or H3227 L. braziliensis delivery differs
according to the isolate

In order to characterize the leukocyte lineages present at
the site of parasite delivery, the footpads were excised at
3 and 15 days post parasite inoculation and analyzed by flow
cytometry. At 3 days post inoculation, the number of granu-
locytes, macrophages and lymphocytes is similar in both
groups of mice, whereas the number of NK cells is higher in
BA788-parasitized mice (Fig. 3). Fifteen days post parasite
inoculation, we observed a decrease in the numbers of granu-

locytes and NK cells, in both groups of infected mice. In
parallel, there was an increase in the numbers of both mac-
rophages and lymphocytes in the two groups of mice.

3.4. The BA788 and H3227 L. braziliensis loads differ
mainly in the lymph node draining the site where they
were delivered

We also examined if there was a correlation between
lesion development and parasite replication. Parasite load
was estimated in the inoculated footpads and in the draining
lymph nodes, excised at 6 h, 3, 15 and 30 days post inocula-
tion, for L. braziliensis BA788 and H3227. In the footpad
(Fig. 4A), the parasite load was similar in both groups of
mice, but statistically significant differences were observed
at 6 h and 30 days post inoculation. In mice inoculated with
H3227 parasites, the parasite load peaked at 15 days, coin-

Fig. 2. Course of lesion development in BALB/c mice inoculated with L.
braziliensis strains. BALB/c mice were infected with 106 of either H3227
(black square) or BA788 (white circle) promastigotes in the left hind foot-
pad, and lesion size was measured for 30 days. The footpads of 3–5 mice per
group were measured. The data shown, reported as the mean ± standard error
of the mean, are from a single experiment representative of three separate
experiments. The asterisk indicates a significant difference between values
at the indicated time point as determined by Student’s t-test (* P < 0.05).

Fig. 3. Phenotypic composition of leukocyte population recovered from the
footpad of mice inoculated with L. braziliensis strains. BALB/c mice were
inoculated with 106 promastigotes of either H3227 (black) or BA788 (white)
in the left hind footpad of BALB/c mice. Three (A) and 15 days (B) post
inoculation. Leukocytes from inoculated footpads were analyzed by flow
cytometry for the presence of lymphocytes, granulocytes, macrophages and
NK cells. The data shown are from a single experiment representative of two
separate experiments.
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ciding with lesion development. However, at this time point,
no clinical lesion was observed in mice inoculated with
BA788, despite a similar parasite load estimate, indicating
dissociation between parasite replication and lesion develop-
ment. In the draining lymph nodes (Fig. 4B), the parasite load
was significantly higher in H3227-parasitized mice, from 6 h
to 15 days post parasite inoculation. Interestingly, in the
draining lymph nodes, the parasite load showed a consistent
increase in both groups of parasitized mice, indicating that
parasites are able to multiply in these secondary lymphoid
tissues, regardless of lesion resolution at the upstream site
where parasites were inoculated and developed, such as that
seen in H3227-parasitized mice.

When comparing the parasite load estimate within the
BA788 and H3227 groups, separately, over time, we did not
find any significant differences in the footpads inoculated
with H3227. In the footpads inoculated with BA788, how-
ever, there were statistically significant differences between
6 h and 15 days (P < 0.01), 3 and 15 days (P < 0.01) and
15 and 30 days post inoculation (P < 0.05). Therefore, in the
footpad, the parasite load estimate found at 15 days post
inoculation is higher than that found at 6 h, 3 days and
30 days post inoculation only in mice receiving the BA788
isolates. In the draining lymph nodes, we did not find any
statistically significant differences, between the BA788 and
H3227 isolates when comparing the parasite load estimate.

3.5. At the later time point studied, there is a difference
between the ex vivo cytokine profiles displayed by
the leukocytes recovered from lymph nodes draining
the site of delivery of BA788 or H3227

The observations that H3227-infected mice controlled the
cutaneous lesion and that BA788-infected mice did not de-
velop clinical lesions suggest that, in both cases, a Th1-type
cellular immune response had developed. At 3 and 15 days
post infection, cells prepared from the lymph nodes draining
the infection site were incubated with live BA788 or H3227
promastigotes and were monitored for the production of Th1-
and Th2-type cytokines. Three days post infection (Fig. 5A),
cells from BA788-infected mice produced higher levels of
both IFN-c (P < 0.05) and IL-12, than cells from H3227-
infected mice which, on the contrary, produced higher
amounts of both IL-4 and IL-10. Fifteen days post-infection
(Fig. 5B), Th1-type cytokine production was markedly up-
regulated in H3227-infected mice as shown by the significant
increase in IL-12 production, in parallel with IFN-c. Cells
from H3227-infected mice also produced higher amounts of
both IL-4 and IL-10, the latter showing a significant up-
regulation at this time point. This up-regulation in IL-10
production coincides with the time point at which lesion size
and parasite load detected in the footpad reached their peak.
Moreover, lymph node cell counts were consistently higher
in H3227 L. braziliensis-infected mice than in BA788-

Fig. 4. Parasite load estimate in mice infected with L. braziliensis strains. BALB/c mice were infected with 106 of either H3227 (black) or BA788 (white)
promastigotes in the left hind footpad. Footpads (A) and popliteal lymph nodes (B) draining the lesion, 3–5 mice per group, were used for analysis of parasite
load. The data shown, reported as the mean ± standard error of the mean, are from a single experiment representative of three separate experiments. The asterisk
indicates a significant difference between values from H3227 and BA788 at the same time point as determined by Student’s t-test (* P < 0.05).

981C. Indiani de Oliveira et al. / Microbes and Infection 6 (2004) 977–984



infected mice, at both 3 days post infection (14.8 ×
106 ± 1.6 × 106 vs. 8.1 × 106 ± 0.3 × 106, respectively) and at
15 days post infection (24.0 × 106 ± 2.8 × 106 vs. 14.7 ×
106 ± 1.3 × 106, respectively).

4. Discussion

L. braziliensis parasite populations are extremely diverse,
as assessed by RAPD-based readout assays [13]. However,
this diversity is less pronounced among parasite populations
obtained from areas of geographical proximity [14]. Random
amplification of L. braziliensis H3227 and BA788 DNA
generated different genomic profiles, including the presence
of amplification fragments not shared between strains. These
fragments may constitute nuclear genomic markers for
strains from these areas. As far as the BA788 and H3227 L.
braziliensis isolates are concerned, the RAPD-based poly-
morphism can therefore be correlated with their geographical

area of sampling, since the H3327 isolate was sampled from
Ceará state, while the BA788 isolate was from Bahia state,
both of which are located in northeastern Brazil, where
cutaneous leishmaniasis is endemic. In Ceará, the cutaneous
lesion is accompanied and sometimes preceded by an im-
pressive enlargement of the regional lymph nodes, and the
term bubonic leishmaniasis has been coined to describe this
clinical manifestation [20]. Of note, in areas where bubonic
leishmaniasis is more often diagnosed, the lymphadenopathy
could be the only clinical sign of parasitism [20]. Bubonic
leishmaniasis is restricted to L. braziliensis-driven parasit-
ism in Ceará; however, regional lymphadenopathy has also
been observed in cutaneous leishmaniasis patients from Ba-
hia [20,21,22]. The immunological parameters coupled to
these clinical and parasitic features are the presence of high
levels of Leishmania-reactive serum antibodies and a
leishmanin-positive skin test [21,22].

Relying on the RAPD polymorphism, we considered it
relevant to further compare L. braziliensis strains H3227 and
BA788 isolates using laboratory mice as experimental hosts.
Transient, non-ulcerated lesions were detected only in
H3227-parasitized BALB/c mice. This outcome is character-
istic and similar results have been obtained upon the subcu-
taneous delivery of in vitro grown promastigotes of other L.
braziliensis isolates to BALB/c mice [23–25]. We did not
find any correlation between lesion development and parasite
load: indeed the parasite load in the footpad was not signifi-
cantly different between BA788- and H3227-parasitized
mice.

H3227-loaded footpads were processed for histological
analysis at 3 and 15 days post inoculation: an inflammatory
infiltrate consisting mainly of polymorphonuclear leucocytes
and macrophages was noticed. The BA788-loaded footpad
sections exhibited a less intense and more transient leukocyte
infiltrate (data not shown). Similarly to other L. braziliensis
strains, the presence of granulocytes and lymphocytes was
noticed during the first week post inoculation; later, many
more macrophages and lymphocytes were observed
[26].Three days post inoculation, when compared to foot-
pads of H3227-inoculated mice, more NK leukocytes were
observed on footpad samples prepared from BA788-
inoculated mice. NK leucocytes are known to produce IFN-c
and may contribute to resistance to L. braziliensis as previ-
ously shown for L. major [27]. Moreover, NK cells are
detectable as soon as 24 h post inoculation at the site of L.
major delivery in resistant mice [28]. Therefore, it is possible
that the early and higher IFN-c production observed at the
site of BA788 parasite delivery is due to the presence of a
higher number of NK cells.

Following the in vitro stimulation of lymph node cells, the
ratio of IFN-c to IL-10 was higher when the cells were
recovered from BA788-parasitized mice than when the cells
were recovered from H3227-parasitized mice, at both 3 days
post inoculation (2.28 vs. 0.24), respectively, and at 15 days
post inoculation (0.77 vs. 0.15), respectively. These immuno-
logical features are coupled to the outcome of the parasitic

Fig. 5. Cytokine production by mononuclear cells from mice infected with
L. braziliensis strains. BALB/c mice were infected with 106 promastigotes
of either H3227 (black) or BA788 (white) in the left hind footpad. Three (A)
and 15 days (B) post infection, mononuclear cells (3–5 mice per group) from
popliteal lymph nodes draining the lesion were incubated with live Leish-
mania promastigotes and the supernatants were assayed for IL-4, IL-10,
IL-12p70 and IFN-c production. The data shown, reported as the
mean ± standard error of the mean, are from a single experiment represen-
tative of three separate experiments. Cytokine production of lymph node
cells from non-infected animals, upon stimulation with live L. braziliensis
promastigotes, was below the detection level of the ELISA kits used: IFN-c
(55 pg/ml), IL-4 (5.5 pg/ml), IL-10 (3 pg/ml) and IL-12p70 (5 pg/ml). The
asterisk indicates a significant difference between values as determined by
Student’s t-test (*P < 0.05).
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processes: while BA788-inoculated mice remain lesion-free,
the H3227-inoculated mice displayed a transient lesion that
heals spontaneously. These features of L. braziliensis para-
sites in BALB/c mice have been related to their inability to
sustain a strong type 2 cytokine profile [6]; this is a main
difference with the type 2 cytokine profile driven by L. major
when they are delivered in the same conditions as the ones we
used in the present study [3].

In conclusion, L. braziliensis isolates differing through
their RAPD profiles exhibit differences in clinical features
and certain immunological parameters once inoculated into
experimental hosts such as BALB/c mice. The differences in
clinical features are related to intrinsic properties of the
parasite isolates such as ability to induce transient lesion and
to recruit different leukocyte populations to the parasite-
loaded site. In Ceará state, where H3227 L. braziliensis
representative isolate was obtained, the lymphadenopathy,
when diagnosed, could precede the lesion form, whereas in
Bahia, such lymph node enlargement is not as prominent.
Interestingly, this in vivo correlate was reproduced in the
present study, since the lymph node cell counts were consis-
tently higher with the H3227 isolate than with the BA788
isolate, at both 3 days and at 15 days post inoculation. These
results reinforce the notion that disease manifestation at the
site of Leishmania delivery results from a complex interplay
between genetically determined parasite as well as host
traits. Studies are now in progress to monitor more relevant
parasite genetic polymorphism [29].
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