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Background. The mechanisms that mediate immune protection in individuals with subclinical (SC) or asymptomatic infection 
with Leishmania braziliensis are largely unknown. Neutrophils (polymorphonuclear leukocytes [PMNs]) have been implicated in 
progressive symptomatic cutaneous leishmaniasis (CL), but their potential participation in maintenance of subclinical infection is 
unexplored. The aim of this study was to compare the phenotypic and functional profiles of PMNs in individuals with SC infection 
versus patients with symptomatic CL due to L braziliensis.

Methods. Subjects were recruited in the endemic region of Corte de Pedra, Bahia, Brazil. Surface markers to define activation 
status were characterized by flow cytometry. Functional responses of PMNs including phagocytic capacity, production of oxidative 
species, and oxidative killing of intracellular parasites were studied in vitro.

Results. PMNs from individuals with SC infection displayed a more activated phenotype and greater ability to control the 
infection than PMNs from patients with CL. In contrast, PMNs from patients with CL exhibited higher expression of HLA-DR 
and higher production of oxidative species than PMNs from subjects with SC infection.

Conclusions. PMNs from individuals with SC infection can control the infection more efficiently than PMNs from 
patients with CL, despite the lower production of oxidants. Our observations suggest that L braziliensis may evade 
microbicidal mechanisms of PMNs from patients with CL, contributing to parasite dissemination and the establishment 
of disease.
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Leishmaniasis refers to a chronic parasitic disease that assumes 
several clinical syndromes in humans. Cutaneous leishmaniasis 
(CL) is the most common form of leishmaniasis. Its immuno-
pathogenesis involves a highly inflammatory adaptive immune 

response dominated by T-helper 1–type cytokines, which 
lacks appropriate regulation. This leads to tissue damage 
and consequently, ulcerated lesions [1–4]. Leishmania brazil-
iensis can cause particularly severe CL, with a risk of dissem-
ination to either mucosal or widespread cutaneous sites [5, 6]. 
Like other Leishmania spp, the spectrum of L braziliensis 
manifestations includes asymptomatic or subclinical (SC) in-
fection, a state of great interest since it may reflect the ideal 
immune responses needed for protection. Subclinical L brazil-
iensis infection is of particular interest because of the risk of 
developing destructive mucosal lesions months to years after 
cure of localized CL, or even when a primary lesion was not 
detected. Whether SC infection represents merely a period 
of latency before emergence of disseminated manifestations, 
or reflects the ideal balance between immunity and regulation, 
is not known.

Neutrophils (polymorphonuclear leukocytes [PMNs]) are the 
first cells to infiltrate the site of parasite inoculation in mouse 
models [ 7, 8], where they can exacerbate the immunopathogen-
esis of leishmaniasis through novel mechanisms. Murine models 
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suggest that PMNs do not kill all intracellular Leishmania spp, 
but rather they can serve as reservoirs for viable promasti-
gotes [7]. PMNs can promote macrophage infection through 
efferocytosis [9], and it is hypothesized that these contribute 
to suppression of macrophage microbicidal responses [10]. 
Infected neutrophils are also taken up by dendritic cells, 
suppressing their maturation to efficient antigen-presenting 
cells [11].

Studies of human PMNs incubated with Leishmania spp have 
revealed several responses to phagocytosis. These include up- 
regulation of surface markers suggesting activation, production 
of oxygen radicals, in vivo formation of neutrophil extracellular 
traps, and killing of intracellular parasites in vitro [12–14]. 
Despite activation, some Leishmania spp can hijack neutrophil 
microbicidal response and promote their own survival. For in-
stance, Leishmania major evaded intracellular killing through 
impaired fusion between the parasitophorous vacuole and neu-
trophil granules [15].

PMNs seem to induce pathological responses during human 
leishmaniasis, especially in the more tissue-destructive disease 
forms. For example, the severe, damaging form of tegumentary 
disease, mucosal leishmaniasis, is accompanied by PMNs infil-
trating lesions and expressing proteinases [16]. During visceral 
leishmaniasis, PMNs express high levels of arginase-1, an en-
zyme contributing to suppression of T-cell responses [17]. 
We previously detected a subset of PMNs expressing 
HLA-DR and other markers of antigen-presenting cells in 
both the circulation and lesion biopsies of patients with CL. 
HLA-DR+ PMNs displayed higher levels of activation markers 
and released more oxidants when compared to HLA-DR− 

PMNs [18]. We also demonstrated that PMNs from patients 
with CL produce higher amounts of reactive oxidants 
than control uninfected persons, suggesting that PMNs 
may contribute to the proinflammatory environment [19]. 
Furthermore, this activated profile is altered to a basal pheno-
type after patient treatment and cure, reflecting the activity of 
disease [19].

The current study was based on the hypothesis that, whereas 
neutrophils contribute to the pathology observed in sympto-
matic forms of leishmaniasis, they are also critical for protection 
against L braziliensis–induced disease, and this is particularly ev-
ident during asymptomatic or SC infection. This would parallel 
our observation that monocytes and macrophages from individ-
uals with L braziliensis SC infection exhibit greater ability to con-
trol the infection than cells from patients with active forms of 
clinical disease [20, 21]. We pursued this hypothesis by charac-
terizing phenotypic and functional distinctions between PMNs 
from individuals with SC infection or active CL in the endemic 
region of Corte de Pedra, Bahia, Brazil [22]. Our results showed 
that PMNs from subclinical individuals displayed differences in 
their levels of activation and their functional capacities that could 
be associated with resistance to infection.

MATERIALS AND METHODS

Ethics Statement

This study was approved by the institutional review boards 
(IRBs) of the Federal University of Bahia (IRB number 
51639) and the University of Iowa (protocol 200712745). All 
participants provided written informed consent prior to sample 
collection.

Area of Study and Selection of Participants

This study was conducted in Corte de Pedra, Bahia, Brazil, an 
endemic area of L braziliensis transmission. Subjects were en-
rolled sequentially as they presented to the clinic at Corte de 
Pedra. Because individuals with SC infection must be identified 
by their skin test response in 2 sequential visits to their home 48 
hours apart, they were selected from a prior 5-year cohort study 
of household contacts of patients with CL, begun in 2010 [21, 
23]. Subjects were enrolled in this study between September 
2015 and August 2016 during a return visit to their homes.

Individuals with SC were characterized by a positive 
Leishmania skin delayed-type hypersensitivity test (LST) and/ 
or Quantiferon (blood cell production of interferon-γ specific 
to Leishmania antigen) and the absence of current or history 
of chronic cutaneous ulcers [21, 23]. Patients with CL were se-
lected from subjects who came to the clinic in Corte de Pedra 
for evaluation of a skin ulcer. As part of the evaluation, an 
LST was applied and read 48–72 hours later. Patients with CL 
were identified by typical symptoms of CL, a positive LST, 
and confirmation of the parasite either by quantitative poly-
merase chain reaction (qPCR) for parasite sequences in DNA 
extracted from tissue samples, or microscopic identification 
of amastigotes by histopathologic examination of biopsies. 
Participants enrolled in this study included 19 individuals 
with SC infection and 33 patients with CL. Table 1 contains 
epidemiological and clinical characteristics of all individuals 
in this study for whom these data are available.

Sample Collection and Human Neutrophil Isolation

Peripheral blood was obtained from the enrolled participants. 
In vitro infection experiments required PMN purification by 
density gradient centrifugation using Ficoll Paque Plus (GE 
Healthcare, United Kingdom). Peripheral blood mononuclear 
cell monolayer was collected, and red blood cells were removed 
by Dextran sedimentation (Pharmacosmos A/S, Denmark), 
leaving a population 95%–99% composed by PMNs. Purified 
PMNs were suspended in RPMI supplemented with 10% 
fetal bovine serum (FBS; Gibco, Thermo Fisher Scientific, 
Waltham, Massachusetts).

Parasite Culture and Short-term Fluorescence Labeling

The parasite isolate was obtained from skin lesion biopsy of a 
patient with CL and characterized as L braziliensis (MHOM/ 
BR/LTCP11245) by qPCR assay and isoenzyme electrophoretic 
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mobility assay [24]. Parasites were cultivated in biphasic Novy- 
MacNeal-Nicolle medium [25], then cryopreserved in liquid 
nitrogen. For in vitro infection experiments, parasites were 
thawed, the culture was prepared in Schneider medium (LGC 
Biotecnologia, São Paulo, Brazil) supplemented with FBS, and 
incubated at 26°C until reach stationary phase. Stationary pro-
mastigotes were used at a 5:1 parasite:neutrophil ratio for infec-
tion experiments.

For some experiments, promastigotes were labeled with 
Cell Trace Far Red dichloro dimethyl acridin one succinimidyl 
ester (DDAO-SE) (Invitrogen, Thermo Fisher Scientific, 
Massachusetts) prior to addition to PMNs.

In Vitro Infection of PMNs With L braziliensis

Stationary-phase L braziliensis promastigotes were prepared 
and added to neutrophil suspensions as described above. 
PMNs were incubated at 37°C, 5% CO2 for 90 or 180 minutes. 
Cytocentrifuged slides were prepared and stained with 
Wright-Giemsa. The percentage of infected cells and the number 
of internalized parasites was quantified by optical microscopy.

For oxidant detection assays, PMNs were exposed to 
DDAO-SE–labeled L braziliensis or stimulated with phorbol 
12-myristate 13-acetate (PMA; Sigma-Aldrich, Merck, 
Germany) for 10 minutes in 10% FBS-supplemented RPMI. 
Unstimulated PMNs incubated under the same conditions 
were used as a negative control.

The influence of products of nicotinamide adenine dinucleo-
tide phosphate (NADPH) oxidase on infection was investigated 
by adding 10 μM of diphenyleneiodonium chloride (DPI; 
Sigma-Aldrich, Merck, Germany) prior to parasite exposure. 
Cells were preincubated at 37°C, 5% CO2 for 10 minutes, then ex-
posed to L braziliensis promastigotes for 3 hours. Untreated cells 
were used as negative control and submitted to the same condi-
tion. After 3 hours, cytocentrifuged slides were prepared, stained, 
and quantified by optical microscopy as described above.

Neutrophil Phagocytic Capacity

Neutrophils’ phagocytic ability was evaluated by their capacity 
to internalize zymosan particles. Zymosan A (Sigma-Aldrich, 
Merck, Germany) was opsonized with fresh human serum for 
10 minutes at 37°C 5% CO2, washed, and resuspended in 
RPMI. Ten micrograms of the suspension was added to 
PMNs and incubated at 37°C, 5% CO2 for 180 minutes. Cells 
in 100 μL of the suspension were applied to cytospin slides, 
fixed, and stained. The percentage of cells that internalized zy-
mosan particles and the number of particles phagocytosed per 
neutrophil were quantified using an optical microscope as de-
scribed above.

Flow Cytometry for Peripheral Blood Neutrophil Surface Marker Detection

To assess the expression of surface markers on resting PMNs, 1 
mL of whole blood was diluted in RPMI (1:5) (Gibco) and 100 Ta
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μL of this dilution was stained directly ex vivo with the 
fluorochrome-conjugated monoclonal antibodies anti-CD15 
fluorescein isothiocyanate, anti-CD66b PerCPCy5.5 (BD 
Pharmingen, San Diego, California), anti-CD62L PE-Cy7, 
anti-TLR2 PE, anti-TLR4 PE, and anti-HLA-DR PE 
(Biolegend, San Diego, California). BD FacsVerse was used 
for flow cytometry data acquisition and FlowJo software 
(TreeStar Inc, Ashland, Oregon) for data analyses.

Detection of Oxidants Produced by Human PMNs

Two different probes were used to measure oxidant production by 
neutrophils. CM-H2DCFDA (2′,7′-dichlorodihydrofluorescein di-
acetate) is commonly used to detect total oxidant production. 
DAF-FM (4-amino-5-methylamino-2′,3′-difluorofluorescein) di-
acetate also detects oxidants, which can include nitric oxide 
(NO) derivatives if present. CM-H2DCFDA (1 µM, Invitrogen, 
Thermo Fisher Scientific) or DAF-FM diacetate (2 µM, 
Invitrogen) was added to neutrophil suspensions, and the cells 
were incubated at 37°, 5% CO2 for 15 minutes. PMNs were then 
stimulated with PMA or exposed to L braziliensis labeled with 
Cell Trace Far Red DDAO-SE (Invitrogen) at a 5:1 parasite ratio 
for 10 minutes. Cells were washed and stained with anti-CD15 
PE (BD Biosciences, San Diego, California). Samples were acquired 
using BD FacsVerse and the data were analyzed using FlowJo 
software.

Statistical Analyses

Statistical analysis was performed using GraphPad Prism soft-
ware (GraphPad Software, San Diego, California). Assuming 
samples did not follow Gaussian distribution, analyses were 
performed using nonparametric tests. Wilcoxon paired or 
Friedman tests were used to compare results obtained with cells 
from the same individual exposed to 2 or more conditions, re-
spectively. Mann-Whitney test was used to evaluate differences 
between individuals from different groups. P < .05 was consid-
ered statistically significant.

RESULTS

Differential Expression of Surface Markers on PMNs From Individuals 
With SC Infection Compared to PMNs From Patients With CL

We used flow cytometry to compare the basal status of circulat-
ing PMNs from individuals with subclinical infection com-
pared to disease. Markers were chosen because the expression 
of CD62L is decreased and CD66b is increased during neutro-
phil activation. Furthermore, expression of TLR2 and TLR4 are 
upregulated during Leishmania infection [12].

Our data show a lower expression of CD62L, but no significant 
changes in CD66b on PMNs from individuals with SC infection 
compared to PMNs from CL patients (Figures 1A and 1B). 
There were no statistically significant differences in the expression 
of TLR2 and TLR4 when the groups were compared (Figures 1C 
and1D). HLA-DR is expressed by a subset of PMNs with features 

of antigen-presenting cells, called PMN-DC hybrids [26]. In the 
current study, PMNs from CL subjects had higher expression of 
HLA-DR than PMNs from SC individuals (Figure 1E).

PMNs From Individuals With SC Infection Are Less Infected Than PMNs 
From Patients With CL After Exposure to L braziliensis

Microscopy analysis of PMNs 90 or 180 minutes after exposure 
to L braziliensis revealed a lower frequency of infected cells 
(Figure 2A) and lower number of internalized parasites in 
PMNs from SC versus CL patients (Figure 2B).

Figure 1. Surface markers expression on neutrophils from individuals with sub-
clinical (SC) infection and patients with cutaneous leishmaniasis (CL). Whole blood 
was collected from individuals with SC infection (n = 9) or patients with CL 
(n = 18), then an aliquot was diluted with RPMI media and stained directly ex 
vivo with flow cytometry antibodies. Quantification of geometric mean fluorescence 
intensity (G-MFI) of CD15+ neutrophils expressing CD62L (A), CD66b (B), TLR2 (C ), 
TLR4 (D), and HLA-DR (E) are shown above. Statistical analysis was performed us-
ing Mann-Whitney test (**P < .01).
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The phagocytic capacity was further assessed by the capacity 
to internalize zymosan particles. PMNs were incubated with 
zymosan for 3 hours, and phagocytosis was assessed micro-
scopically. Unlike parasite uptake, there were no statistically 
significant difference in the percentage of PMNs containing zy-
mosan particles (Figure 2C) and the number of internalized 
particles/100 PMNs (Figure 2D) between PMNs from CL ver-
sus SC infection.

Production of Oxidants by PMNs From SC Versus CL Subjects

Because 1 marker suggested a degree of activation in CL PMNs, 
PMNs were exposed to L braziliensis and the production of ox-
idants was assessed by flow cytometry using 2 different probes. 
PMNs exposed to PMA served as a positive control. The data 
showed that unstimulated PMNs from individuals with SC in-
fection had minimal spontaneous oxidation of CM-H2DCFDA, 
in contrast to PMNs from patients with CL. Additionally, 
L braziliensis–infected or PMA-stimulated neutrophils from 

individuals with SC infection revealed significantly lower de-
gree of CM-H2DCFDA oxidation when compared to cells in 
the same condition from patients with CL (Figure 3A).

Unstimulated or infected cells from the SC group displayed 
lower oxidation of DAF-FM diacetate when compared to 
cells from patients with CL (Figure 3C). Following infection, 
DAF-FM diacetate oxidation was enhanced in PMNs from 
both CL and SC groups when compared to the unstimulated 
cells (Figure 3C). CL PMNs also displayed higher NO produc-
tion after stimulus with PMA (Figure 3C).

NADPH Oxidase Activity Was Needed for Parasite Clearance by PMNs 
From Individuals With SC Infection and Patients With CL

Neutrophil was treated with DPI, an inhibitor of flavoenzymes 
including the NADPH oxidase, then exposed to L braziliensis to 
investigate the relevance of basal production of oxidants in in-
fection control. The data showed an increase in parasite burden 
in DPI-treated PMNs from both the SC and CL groups after 3 
hours of incubation with L braziliensis (Figure 4).

DISCUSSION

Due to their short lifespan in circulation (6–8 hours) or tissues 
(up to 5–6 days), neutrophils are thought to be major determi-
nants of the outcome of acute infectious diseases, but lesser so 
in chronic infections. CL due to L braziliensis is a chronic cu-
taneous ulcerative disease that occasionally disseminates to 
cause chronic disease in other skin sites. The influence of adap-
tive immune responses in symptomatic leishmaniasis has been 
widely documented. Some studies suggest that innate immune 
cells influence in the control of infection in asymptomatic indi-
viduals [20, 21]. Our prior studies have shown that the pheno-
type of PMNs differs between individuals with symptomatic CL 
compared to uninfected individuals [19]. Herein we investigat-
ed the hypothesis that, in contrast to symptomatic leishmania-
sis, the innate neutrophil response is critical to protection 
against L braziliensis–induced disease during subclinical 
infection.

Working in an endemic area of northeast Brazil, our data re-
vealed that PMNs from individuals with CL or with SC L brazil-
iensis infection displayed distinct phenotypical and functional 
profiles. Neutrophils from individuals with SC infection exhib-
ited lower expression of CD62L than those from patients with 
CL. The molecule CD62L or L-selectin is an integrin that par-
ticipates in tethering to endothelium in preparation for trans-
migration into inflamed tissues. Although it is necessary for 
efficient neutrophil adhesion to endothelium, is shed enzymat-
ically in response to adhesion and rolling on surfaces, but 
also in response to chemoattractants and chemokines. After 
tethering to an endothelial surface, CD62L is shed in response 
to adhesion, leading to increased velocity of rolling an neutro-
phil transmigration across the vascular endothelium [27–30]. 

Figure 2. Neutrophils (polymorphonuclear leukocytes [PMNs]) from individuals 
with subclinical (SC) infection display greater ability to control Leishmania brazil-
iensis in vitro infection than neutrophils from patients with cutaneous leishmania-
sis (CL). Neutrophils were obtained from peripheral blood and exposed to L 
braziliensis for 90 or 180 min or zymosan for 180 min. Then, cytocentrifuged slides 
were prepared and stained with Giemsa. The frequency of cells with internalized 
parasite (A) or Zymosan particles (C ) and the number of internalized parasites (B) 
or particles (D) per 100 PMNs were quantified by optical microscopy. Friedman 
test was applied for comparisons within the same group in different time points 
(*P < .05) and Mann-Whitney test, for comparisons between the groups 
(*P < .05; **P < .01).
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Our observations might indicate that circulating neutrophils 
from individuals with SC infection are less likely to adhere to 
endothelial surfaces and thus less likely to migrate into infected 
tissues. It is important to note that decreased expression of 
CD62L occurs during neutrophil activation, but full activation 
would be accompanied by other functional and surface mole-
cule changes such as decreased CD66b. Our finding could indi-
cate that neutrophils from SC subjects are “primed” for rapid 
activation.

Previously, we identified an HLA-DR+ PMN population cir-
culating in peripheral blood from patients with CL; this subpo-
pulation was also detected in lesion biopsies from all evaluated 
patients, suggesting that those hybrid PMNs are more likely to 
migrate to the lesion site and could be involved in the inflam-
matory response associated with the pathology [18]. These 
were consistent with a subpopulation of PMNs described in 
2013 by Matsushima and collaborators termed PMN-DC 
hybrids, which exhibit features of PMNs and dendritic cells, in-
cluding MHC-II expression [26]. Our current findings suggest 
that these PMN-DC–like cell hybrids are a characteristic of pa-
tients with CL but not asymptomatic infection, indicating that 
they might contribute to the pathologic changes of CL.

Our group previously showed that monocytes from individ-
uals with SC L braziliensis infection had lower phagocytosis but 
greater intracellular killing of the parasite [20, 21]. We made 
parallel observations in PMNs. There was a significantly lower 
uptake of parasites by PMNs from subjects with SC infection 
compared to disease. This observation was limited to phagocy-
tosis of L braziliensis as opposed to inert zymosan particles.

The generation of reactive oxidants by PMNs from subjects 
with SC infection or CL was evaluated by the reduction of fluo-
rescent dyes. The oxidation of CM-H2DCFDA is commonly 
used as an indicator of total oxidant production and was signifi-
cantly induced in PMNs from both groups following exposure 
to L braziliensis when compared to unstimulated cells within 
the group. Increased oxidant production is consistent with re-
ports demonstrating reactive oxygen species (ROS) production 
by PMNs from healthy donors following infection with 
L braziliensis or Leishmania amazonensis [12, 19, 31]. 
Comparison between the subject groups showed higher 
amounts of ROS produced both spontaneously and in response 
to PMA or parasite exposure by PMNs from patients with CL 
compared to SC subjects. This contrasts with our prior report 
showing that PMNs from CL patients produce more oxidants 
than healthy subjects after stimulation [19]. The reason for 
the lower oxidant capacity of PMNs from subjects with SC is 
not clear, although it could reflect ongoing or epigenetic 
changes induced by chronic low-level exposure to a latent 
pool of parasites.

A prior study showed that neutralization of TLR2 and TLR4 
on monocytes from patients with CL caused them to be less sus-
ceptible to in vitro infection and generate lower amounts of ox-
idants, upon incubation with L braziliensis [32]. In a parallel 
study, neutrophils from healthy donors displayed reduced 
L amazonensis burdens after TLR2 neutralization in vivo 
[12]. In an experimental model of L major infection, it was 
also demonstrated that TLR7 is critical for efficient neutrophil 
microbicidal responses with ROS production and control of 

Figure 3. Production of oxidants by neutrophils from individuals with subclinical (SC) infection versus neutrophils from patients with cutaneous leishmaniasis (CL). 
Neutrophils were purified with Ficoll gradient and Dextran red blood cell sedimentation, stimulated with 2′,7′-dichlorodihydrofluorescein diacetate (CM-H2DCFDA; A) or 
4-amino-5-methylamino-2′,3′-difluorofluorescein (DAF-FM) diacetate (B), then exposed to dichloro dimethyl acridin one succinimidyl ester–stained Leishmania braziliensis 
for 15 min and stained for anti-CD15. The oxidation of both probes in CD15+ neutrophils was measured by flow cytometry. Oxidant production by neutrophils toward different 
conditions was compared to unstimulated neutrophils in the same group using Friedman test (represented in boxes, *P < .05, **P < .01, ***P < .001) and to their respective 
condition in the other group using Mann-Whitney test (asterisks plotted on graphs, *P < .05, **P < .01). Abbreviations: G-MFI, geometric mean fluorescence intensity; PMA, 
phrobol 12-myristate 13-acetate.
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infection [33]. However, our observations directly ex vivo 
showed that TLR expression did not parallel either oxidant pro-
duction or L braziliensis internalization in PMNs from patients 
with CL. Thus the role of TLRs in responses of neutrophils of 
patients with CL needs further clarification. The current study 
is the first to show that there are differences between entry of 
parasites into PMNs of infected humans without or with symp-
toms of CL, and that these differences are independent of the 
amount of surface TLR2 or TLR4.

We demonstrated that infection with L braziliensis triggered 
DAF-FM diacetate oxidation in PMNs from patients with CL. 
Comparison between the groups showed that either unstimu-
lated or infected PMNs from individuals with SC infection 
generated lower amounts of oxidants than persons with symp-
tomatic CL. Although DAF-FM diacetate has been cited as an 
NO indicator, we cannot affirm that its increased oxidation re-
flects NO production by neutrophils from CL in our study. It is 
important to acknowledge the limitations of probe usage on ox-
idant detection, since the performance can be affected by local 
O2 [34], or differences in peroxidases between cells, and the for-
mation of artifacts cannot be disregarded [35]. Furthermore, it 
was documented that intraphagosomal nitration of fluorescein 
does not occur in human neutrophils [36]. Indeed, there are no 

reports showing NO production by human neutrophils using 
robust methods under optimal conditions. Thus, our findings 
indicate differences between the oxidative capacities of PMNs 
from subjects with CL or SC, but they do not implicate specific 
oxidant species.

Products of the NADPH oxidase were found to contribute 
to parasite control in PMNs from both groups. Thus, 
NADPH oxidase inhibition by the addition of DPI enhanced 
the numbers of intracellular parasites in PMNs from both SC 
and CL groups, although numbers of internalized parasites 
were still higher in subjects with CL. One hypothesis that could 
explain the inability of PMNs from patients with CL to control 
the intracellular parasite survival is that L braziliensis could 
evade exposure to oxidant species by the impaired fusion of in-
tracellular granules with parasite-containing phagosomes. This 
would explain how infection persisted and amplified in the face 
of high spontaneous production of oxidant PMNs from pa-
tients with CL. This is consistent with a report showing that 
other species of Leishmania can evade PMN microbicidal 
activity by preventing granule fusion to the parasitophorous 
vacuole [15].

Considering the phenotypic and functional distinctions be-
tween SC and CL groups observed in our study, the evidence 
is consistent with a greater control of infection by PMNs 
from subjects with SC than patients with active disease. It is 
possible that L braziliensis can subvert the microbicidal mech-
anisms of PMNs from patients with localized cutaneous lesions, 
contributing to parasite survival and exacerbation of immuno-
pathogenesis in CL. Whether this is due to differences in intra-
cellular trafficking of the parasite in patients with SC infection 
or due to generalized defects in oxidative responses in patients 
with CL will require further investigations. Despite the fact that 
CL is a localized and a chronic infection, the data suggest that 
systemic responses of PMNs could contribute to or reflect the 
ability of the host to contain the parasite and remain free of 
disease.
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