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Summary

Suitable levels of interferon (IFN)-g and interleukin (IL)-10 seem to favour
the outcome of cutaneous leishmaniasis (CL), while high IFN-g and low IL-10
production are associated with severity of mucosal leishmaniasis (ML). Con-
sidering that cytokine balance is important for the maintenance of protective
responses in leishmaniasis, our aim was to investigate leishmanial antigens-
induced IFN-g and IL-10 levels maintained in healed individuals who had
different clinical outcomes of Leishmania infection. Thirty-three individuals
who recovered from L. braziliensis infection were studied: cured CL (CCL),
cured ML (CML), spontaneous healing of CL (SH) or asymptomatic individu-
als (ASY). Cytokines were quantified by enzyme-linked immunosorbent assay
(ELISA) in culture supernatants of L. braziliensis-stimulated peripheral blood
mononuclear cells (PBMC). IFN-g levels were higher in CML (7593 �

5994 pg/ml) in comparison to SH (3163 � 1526 pg/ml), ASY (1313 �

1048 pg/ml) or CCL (1897 � 2087 pg/ml). Moreover, cured ML cases main-
tained significantly lower production of IL-10 (127 � 57·8 pg/ml) in compari-
son to SH (1373 � 244 pg/ml), ASY (734 � 233 pg/ml) or CCL (542 �

375 pg/ml). Thus, a high IFN-g/IL-10 ratio observed in CML can indicate
unfavourable cytokine balance. On the other hand, no significant difference in
the IFN-g/IL-10 ratio was observed when CCL individuals were compared to
SH or ASY subjects. In conclusion, even after clinical healing, ML patients
maintained a high IFN-g/IL-10 secretion profile in response to leishmanial
antigens. This finding can explain a delayed down-modulation of exacerbated
inflammatory responses, which can be related in turn to the necessity of
prolonged therapy in ML management. Conversely, lower IFN-g/IL-10
balance observed in CCL, SH and ASY individuals can represent a better-
modulated immune response associated with a favourable prognosis.
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Introduction

American tegumentary leishmaniasis (ATL) is a vector-
borne disease caused mainly by Leishmania (Viannia)
braziliensis. The infection causes a wide spectrum of clinical
presentation, ranging from self-healing or benign cutaneous
leishmaniasis (CL) to more severe forms, such as mucosal
leishmaniasis (ML). These different outcomes of infection
occur in the presence of anti-Leishmania immune responses,
and seem to be influenced profoundly by the balance
between effector and regulatory specific T cell responses
[1,2].

Cytokines such as interleukin (IL)-4, IL-5, IL-10 and
transforming growth factor (TGF)-b favour parasite replica-
tion, while IL-10 also counterbalances the proinflammatory
effect of IFN-g and tumour necrosis factor (TNF)-a [3].
However, the levels of these cytokines are expressed differ-
ently depending on the clinical form of the disease [1,4–7].
Active leishmaniasis is characterized by mixed profiles in
which type 1 and type 2 cytokines are observed [1,4–6,8,9].
On the other hand, ML patients present higher levels of
inflammatory cytokines but low IL-10 production, which in
turn can contribute to the exacerbated inflammatory
immune response [1,10]. In contrast, lower levels of IFN-g
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and TNF-a are observed in subjects who did not develop the
disease after Leishmania infection (asymptomatic or sub-
clinical individuals) [7]. However, CL patients who experi-
enced spontaneous healing (SH) present a strong T cell
response to leishmanial antigens with high capacity to
produce IFN-g [11].

Even so, immunological conditions associated with cure
or disease control are still under-investigated. Resolution of
CL and ML lesions is associated with a decrease of IL-4, IL-5
and TNF-a [5,12,13], although IFN-g levels seem to be
maintained after therapy [6,13]. These results indicate that
cytokine modulation is a crucial factor in determining the
fate of the disease. IL-10 is a potent antagonist of IFN-g
effects and has been considered an important regulatory
cytokine in leishmaniasis [14], but its relevance in the main-
tenance of long-term immunity in ATL remains unknown.
IL-10 production by CD4+CD25+ is required for mainte-
nance of Leishmania after cure, which in turn preserves an
adaptive immunity to L. major [14]. Considering that cytok-
ine balance is important for the maintenance of protective
responses to leishmaniasis, our aim was to investigate the
leishmanial antigens-induced IFN-g and IL-10 levels that
persist in individuals who had different clinical outcomes of
Leishmania infection but were able to control the parasite.

Material and methods

Casuistic

Thirty-three subjects with past history of Leishmania infec-
tion were studied. These subjects were subdivided into four
groups: cured cutaneous leishmaniasis (CCL, n = 12), cured
mucosal leishmaniasis (CML, n = 11), spontaneous healed
CL (SH, n = 3) and asymptomatic individuals (ASY, n = 7).
All the subjects were from endemic areas for L. (V.)
braziliensis. The group was composed of 18 males (mean age
46·2 years, range 15–73 years) and 15 females (mean age
52·3 years, range 15–78 years). Patients with a past history of
cutaneous or mucosal leishmaniasis fulfilled the clinical,
parasitological and/or immunological diagnosis criteria for
the disease [6]. The patients achieved clinical cure after being
treated with pentavalent antimony, according to the sched-
ules recommended by the Brazilian Ministry of Health (15–
20 mg/kg/day of Sb+5(V) for 20–30 days). These subjects
were clinically followed after healing of lesions and were
studied 1 year after the end of successful therapy. Patients
classified as SH were diagnosed with leishmaniasis, but
before therapeutic intervention these patients developed
spontaneous epithelization of the lesion without requiring
drug administration, leading to full cicatrization. They were
re-evaluated 1 year after the lesion was considered clinically
healed. Asymptomatic individuals were possibly exposed to
leishmanial infection because they were neighbours of con-
firmed cases of leishmaniasis. Moreover, they had no skin
ulcers characteristic of ATL, and subclinical infection was

determined by in vivo (delayed-type hypersensibility -
Montenegro skin test (MST)) or in vitro (lymphocyte
activation - proliferation and/or IFN-g production) evi-
dence of induction of cellular responses to leishmanial
antigens. In addition, 11 patients with active cutaneous leish-
maniasis (eight males and three females; mean age
42·3 � 18 years) were also studied prior to the therapy. This
work was approved by the Ethical Committee for Human
Research from Fundação Oswaldo Cruz. Informed consent
was obtained from all participants.

Peripheral blood mononuclear cells (PBMC) culture
and cytokine measurement

PBMC were separated by centrifugation over a gradient
of Ficoll-Hypaque (Histopaque 1077; Sigma Chemical
Company, St Louis, MO, USA), as described elsewhere [6].
Briefly, PBMC (3 ¥ 106 cells per ml) cultures were incubated
for 3 days and 5 days at 37°C in a humidified atmosphere of
5% CO2 in air, in the presence of the equivalent of 5 ¥ 106

disrupted L. braziliensis (MHOM/BR75/M2903) promastig-
otes per well as antigens or medium alone. The supernatant
of each culture was collected on day 3 to quantify IL-10 and
on day 5 to test IFN-g concentrations. The supernatants were
aliquoted and stored at -20°C until use. IFN-g and IL-10
cytokines were measured by ELISA. Monoclonal antibodies
and recombinant cytokines were purchased from BD Bio-
sciences Pharmingen (San Diego, CA, USA). The procedures
were performed according to the manufacturer’s
instructions. The samples were tested in duplicate and
concentration was analysed using the SOFTmax®PRO
4·0 program (Life Sciences Edition; Molecular Devices
Corporation, Sunnyvale, CA, USA). Results were expressed
as picograms per millilitre. The minimum cytokine levels
detected were 62·5 pg/ml for IFN-g and 31·2 pg/ml for IL-10.

Statistical analysis

The results were expressed as mean � standard deviation
and median and were analysed by one-way analysis of vari-
ance (anova), Kruskal–Wallis test, using GraphPad Prism
software. Statistical significance was assigned to P < 0·05.

Results

The levels of IFN-g or IL-10 induced by leishmanial antigens
were compared in subjects who controlled leishmanial infec-
tion either spontaneously or after antimonial therapy. Clini-
cally cured subjects included in this study had no clinical
sign of active disease and had no history of leishmaniasis
reactivation. The mean levels of IFN-g were significantly
higher in CML (7593 � 5994 pg/ml, median = 5582 pg/ml,
n = 11) in comparison to SH (3163 � 1526 pg/ml, n = 2),
ASY (1313 � 1048 pg/ml, median = 1040 pg/ml, n = 7) or
CCL (1897 � 2087 pg/ml, median = 612 pg/ml, n = 9)
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(Fig. 1a). Three CCL and one SH had IFN-g levels below the
detection limits. On the other hand, the IL-10 production
by CML was significantly lower (127 � 57·8 pg/ml,
median = 114 pg/ml, n = 11) in comparison to that observed
for SH (1373 � 244 pg/ml, median = 1417 pg/ml, n = 3),
ASY (734 � 233 pg/ml, median = 698 pg/ml, n = 7) and
CCL (542 � 375 pg/ml, median = 499 pg/ml, n = 12)
(Fig. 1b).

The inflammatory and regulatory cytokine balance was
also investigated using the quotient of IFN-g/IL-10 ratio. The
mean ratio was compared in the different groups. It is note-
worthy that these mean ratios were similar for CCL, ASY
and SH subjects (3·3 � 5·3, median = 0·8; 1·9 � 1·2,
median = 2·5; and 1·7 � 1·9, median = 1·3, respectively) but
differed substantially for CML individuals (77 � 71,
median = 39·1) (Fig. 1c). Different from the other groups
analysed, CML individuals presented a high heterogeneity of
in vitro IFN-g production, in which a group of low producers
were observed clearly. These low IFN-g producers also pre-
sented low IL-10 levels. Despite this, these low IFN-g pro-
ducers still maintained an IFN-g/IL-10 ratio much higher
(15·4 � 8·8, median = 14·6, n = 4) than CCL, ASY and SH
(P < 0·05). There was no correlation between IFN-g/IL-10
ratio and other clinical parameters as a response to therapy
or period of cure.

In an attempt to determine if IFN-g/IL-10 balance can be
modulated during the clinical evolution of leishmaniasis we
compared cured CL subjects to patients with active disease.
The mean levels of IFN-g were significantly higher during
active CL (3459 � 1796 pg/ml, median = 2975 pg/ml,
n = 11) than in CCL (P < 0·05). In addition, an increase of
IL-10 was observed long-term after the clinical cure of CL
when compared to the levels observed during active disease
(244·7 � 241·4 pg/ml, median = 206 pg/ml, n = 7, P < 0·05).
Consequently, an elevated IFN-g/IL-10 ratio was associated
with active CL (38·4 � 36·9, median = 12·6, n = 7), while a
low IFN-g/IL-10 ratio is a cytokine profile observed in indi-
viduals who healed the disease.

Discussion

Several studies have demonstrated that deregulation of
Leishmania-induced immune response is involved in the
pathogenesis of ATL [1,2]. However, the mechanisms that
lead to an adequate equilibrium between inflammatory
mediators and their counter-regulatory molecules, enabling
restraint of the parasite without inducing tissue damage, are
poorly understood. Herein, clinically cured ATL patients and
asymptomatic individuals were the target subjects because of
their sustained capacity to control parasite infection, possi-
bly by the induction of a proper immune response. Our
results showed that even after controlling the infection or
disease, subjects with a benign prognosis of Leishmania
infection (ASY, SH and CCL) presented a clear difference in
capacity to produce IFN-g and IL-10 upon Leishmania

2000

20 000

(a)

(b)

(c)

15 000

10 000

5000
5000

2500

0

***

*
*

**
*

*
**

***

1500

1000

500

1000

100

10

1

0·1

0·01

0·001

0·0001

0
SH ASY CCL CML

SH ASY CCL CML

SH ASY CCL CML

IL
-1

0 
(p

g/
m

l)
IF

N
-γ

/IL
-1

0 
ra

tio
IF

N
-γ

 (
pg

/m
l)

Fig. 1. Leishmania-induced interferon (IFN)-g (a) and interleukin

(IL)-10 (b) production by peripheral blood mononuclear cells

(PBMC) from clinically cured American tegumentary leishmaniasis

(cutaneous and mucosal disease) subjects and asymptomatic

individuals. (c) IFN-g/IL-10 ratio of cytokine production. PBMC were

stimulated in vitro with Leishmania (Viannia) braziliensis antigens and

supernatants were collected after 3 days (for IL-10) and 5 days (for

IFN-g) in culture. Cytokines were measured by enzyme-linked

immunosorbent assay. Each point represents a subject. Medians are

indicated by horizontal bars. SH: spontaneous healed cutaneous

leishmaniasis; ASY: asymptomatic individuals; CCL: cured cutaneous

leishmaniasis; CML: cured mucosal leishmaniasis. *P < 0·05;

**P < 0·01; ***P < 0·001.
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antigens stimuli in comparison to cured ML patients, a more
severe clinical form of the disease.

The cured ML individuals in this study produced lower
levels of IL-10 in comparison to CCL or to individuals natu-
rally able to control the infection (SH and ASY). In fact, this
low pattern of IL-10 production by ML was associated pre-
viously with a poor ability to down-modulate the exacer-
bated inflammatory tissue-mediated damage [1]. The
addition of IL-10 only slightly inhibits IFN-g production by
mononuclear cells from ML, although it can suppress IFN-g
secretion in CL patients [1]. Accordingly, the low expression
of IL-10 receptor observed in ML patients could account for
damping the regulatory effect of IL-10 [2]. Also, the levels of
IL-10 detected in our cured ML subjects were higher than
those reported in active ML patients [1], which can suggest
that an increase of IL-10 levels should occur after clinical
cure. On the other hand, in spite of maintaining an elevated
IFN-g production, these cured ML subjects did not reactivate
the disease, suggesting that they are under adequate immune
regulatory control [6]. Nevertheless, this control seems to be
somewhat subtle, as it is known that ML cases are at high risk
of relapse [15]. Whether or not a low increase in IL-10 pro-
duction is able to counter-regulate the IFN-g effects is still an
open question. Indeed, other regulatory mechanisms result-
ing, for instance, in a decrease of TNF-a or IL-4 production
[6,12,13], are also likely to be involved in the healing process
of ML. In attempt to address whether IL-10 levels are impor-
tant to the maintenance of protective immune response,
these patients are still under clinical follow-up in order to
survey relapses.

The majority of Leishmania-infected individuals should
develop a balanced T cell immunity responsible for the
favourable prognosis, as observed in cutaneous leishmaniasis
[5] or in subjects that controlled the infection without evolv-
ing to an ulcerated lesion [7]. Herein, the good prognosis
observed in asymptomatic individuals or CL patients may be
associated with the ability to produce optimal levels of IL-10
and IFN-g. A dual role of IL-10, either in inhibiting mac-
rophages functions or exerting regulatory effects on type 1
responses, is attributed to different facts [10,14]. It is known
that IL-10 allows the parasite to survive and multiply, thus
favouring the progression of infection [14]. It is conceivable
that a possible harmful effect due to high IFN-g induction
can be modulated by an increase of IL-10 [16]. In accordance
with this argument, an increase of IL-10 levels in association
with a reduction of IFN-g/IL-10 ratio were observed when
CCL subjects were compared with active CL patients. A
similar profile can also be suggested for ML cases.

Several studies either in humans [9,17,18] or in mice
models [14,19] have shown unequivocally that IFN-g and
IL-10 are molecules involved chiefly in the fate of leishma-
niasis and other intracellular infections [10]. In visceral
leishmaniasis, a lack of IFN-g activity was considered to be
related to the simultaneous presence of elevated levels of
IL-10 [18,20]. However, it has to be considered that other

cytokines such as TGF-b [1,21], IL-4 [4,5] or IL-13 [22]
can also influence parasite persistence or inflammatory
regulation. Notwithstanding, it was shown that IL-10 pro-
duced by CD4+CD25+ T cell is also required for parasite
persistence in mice, which in turn would preserve an adap-
tive immunity to Leishmania [14].

Another important point to be addressed concerns the cell
sources of IFN-g and IL-10. CD4+ T cells have been consid-
ered to be the main producers of IFN-g both in CL [8] and in
ML patients [1]. This T cell subtype is expanded preferen-
tially upon leishmanial stimuli both in long-term cured sub-
jects [6] and asymptomatic individuals [23]. The main
source of IL-10 has not yet been determined in tegumentary
leishmaniasis. However, besides macrophages, lymphocytes
such as gamma-delta double-negative T cells [24] and T CD4
regulatory lymphocytes [25,26] are likely to exert a regula-
tory profile, probably involving IL-10 secretion.

Our results reveal that the IFN-g/IL-10 ratio could be a
useful parameter to predict the clinical evolution or response
to therapy. Even after cure, ML individuals maintain a higher
IFN-g/IL-10 ratio, probably mirroring an impaired capacity
to down-modulate the exacerbated inflammatory reaction.
Thus, it is reasonable to propose that an equilibrium in the
production of these cytokines, as observed in CCL, ASY and
SH, enables parasite killing without producing skin tissue
damage. The definition of immunological parameters corre-
lated with cure and long-term immune response in ATL
would help to understand more clearly the mechanisms
associated with protection in human leishmaniasis.
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