
CLINICAL AND DIAGNOSTIC LABORATORY IMMUNOLOGY, Mar. 2002, p. 251–256 Vol. 9, No. 2
1071-412X/02/$04.00�0 DOI: 10.1128/CDLI.9.2.251–256.2002
Copyright © 2002, American Society for Microbiology. All Rights Reserved.

T-Cell-Mediated Immune Responses in Patients with Cutaneous or
Mucosal Leishmaniasis: Long-Term Evaluation after Therapy

Alda Maria Da-Cruz,1 Rita Bittar,1 Marise Mattos,2 Manuel P. Oliveira-Neto,2 Ricardo Nogueira,1
Vanessa Pinho-Ribeiro,1 Rilza Beatriz Azeredo-Coutinho,1 and Sergio G. Coutinho1*

Laboratory of Cellular and Humoral Immunology, Department of Immunology/Protozoology, Instituto Oswaldo Cruz,1 and Centro
de Pesquisa Hospital Evandro Chagas,2 FIOCRUZ, Rio de Janeiro, Brazil

Received 12 July 2001/Returned for modification 19 September 2001/Accepted 8 November 2001

T-cell immune responses in patients with cutaneous leishmaniasis (CL) and mucosal leishmaniasis (ML)
were studied during the active disease, at the end of therapy, and 1 to 17 years posttherapy (long-term
follow-up). Lymphocyte proliferative responses, phenotypic characterization of CD4� and CD8� Leishmania-
reactive T cells, and cytokine production were assayed. Patients with active ML and CL showed higher
proportions of CD4� than CD8� T cells. In CL, the healing process was associated with a decrease of CD4�

and an increase of CD8�, leading to similar CD4� and CD8� proportions. This pattern was only seen in ML
after long-term therapy. Long-term follow-up of patients with CL showed a positive CD4�/CD8� ratio as
observed during the active disease, although the percentages of these T cell subsets were significantly lower.
Patients with CL did not show significant differences between gamma interferon (IFN-�) and interleukin-5
(IL-5) production during the period of study. Patients with active ML presented higher IFN-� and IL-5 levels
compared to patients with active CL. IL-4 was only detected during active disease. Patients long term after cure
from ML showed increasing production of IFN-�, significant decrease of IL-5, and no IL-4 production. Two
apparently beneficial immunological parameters were detected in tegumentary leishmaniasis: (i) decreasing
proportions of CD4� Leishmania-reactive T cells in the absence of IL-4 production associated with cure of CL
and ML and (ii) decreasing levels of IL-5 long after cure, better detected in patients with ML. The observed
T-cell responses maintained for a long period in healed patients could be relevant for immunoprotection
against reinfection and used as a parameter for determining the prognosis of patients and selecting future
vaccine preparations.

American tegumentary leishmaniasis (ATL) is produced in
Brazil mainly by Leishmania (Viannia) braziliensis, Leishmania
(Leishmania amazonensis, and Leishmania (Viannia) guyanen-
sis. Nowadays ATL is often found near metropolitan regions,
where the life cycle of its causative organism is apparently
maintained by domestic animal reservoirs and anthropophilic
sand fly species. In the area of Rio de Janeiro the only species
that has been detected as infecting humans and dogs is L.
braziliensis (15).

Many experimental studies using mice infected by Leishma-
nia major (reviewed in reference 30) have shown that the
T-cell-mediated immune responses play a pivotal role in the
processes either for cure or aggravation of the disease. In the
first case, as observed in mouse strains resistant to L. major
infection, the Th1 CD4� T-cell subsets are preferentially acti-
vated with production of type 1 cytokines (e.g., interleukin 2
[IL-2], gamma interferon [IFN-�], and lymphotoxin) leading to
activation of macrophages and destruction of intracellular par-
asites. A delayed-type hypersensivity (DTH) to leishmanial
antigens is elicited in resistant mice. In the second case, as
observed in mouse strains susceptible to L. major infection,
Th2 CD4� T-cell subsets are preferentially activated, leading
to production of type 2 cytokines (e.g., IL-4 and IL-5). Down-

modulation of macrophage activation occurs, allowing parasite
multiplication into the parasitophorous vacuole and aggrava-
tion of the disease. The Leishmania-specific cell-mediated im-
mune response is depressed, leading to negative DTH.

There is evidence that CD8� T cells may also play an im-
portant role in the mechanisms for cure of and resistance to
Leishmania infection, either by production of IFN-� and acti-
vation of macrophages (7, 16, 20, 23, 30), by a cytolytic effect of
cytotoxic T lymphocytes (CTL) upon parasitized macrophages
(9, 10), or by a combination of both effects. CD8� T cells have
been associated with protection against Leishmania reinfection
in murine models (23); however, the induction of these T-cell
subsets in humans seems to be also related to the healing
process (12, 31).

The vast majority of patients infected with L. braziliensis
present a single or a few number of skin ulcers characterizing
a clinical form named cutaneous leishmaniasis (CL). These
patients usually have partial immune resistance against the
infection, leading to localized lesions, scarceness of parasites,
and a tendency to spontaneous healing or good response to
antimonial therapy. Only 3 to 5% of patients infected with L.
braziliensis can have a severe disease, the mucosal leishmani-
asis (ML), also called “espundia,” which produces a destructive
secondary mucosal lesion in the nose and mouth. The extreme
scarceness of parasites within these lesions does not correlate
with the severity of disease and resistance to antimonial ther-
apy usually observed.

Compared to L. major, the contribution of the experimental
mouse model for a better understanding of the T-cell-medi-
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ated immune responses against L. braziliensis has been very
poor, because mice are naturally resistant to this parasite spe-
cies. Thus, most of the knowledge on the immune responses in
CL and ML caused by L. braziliensis has originated from stud-
ies of patients (5, 11, 12, 17, 27, 28). Therefore, human tegu-
mentary leishmaniasis does not present a clearly polarized Th1
or Th2 immune response as observed in the mouse-L. major
experimental model (11). In fact, T-cell-mediated immune re-
sponses and hypersensitivity to leishmanial antigens are
present in mild cutaneous disease as well as in severe mucosal
disease. However, the magnitude of the T-cell responses tends
to be greater in patients with ML than in patients with CL (5,
6, 8, 28), suggesting that patients with ML present an exacer-
bated hypersensitivity to parasite antigens, which may have a
detrimental effect on aggravation of lesions. On the other
hand, well-modulated T-cell-mediated responses as usually ob-
served in CL may have a beneficial effect, leading to mild
lesions and susceptibility to therapy (5, 6, 19, 22, 27, 28).

We have been interested in defining profiles of the cell-
mediated immune responses in CL, during active disease, and
soon after clinical cure through the analysis of Leishmania-
reactive CD4� and CD8� T cells as well as cytokine produc-
tion in peripheral blood mononuclear cell (PBMC) cultures
stimulated by L. braziliensis antigens (11, 12). The intent was to
detect possible beneficial parameters of the immune responses
associated with clinical cure. Now, we have extended these
observations to patients with ML during active disease and
after cure. We also did a long-term evaluation of patients who
had recovered from CL and ML in order to detect profiles of
the T-cell-mediated immune responses associated with a sus-
tained protection against leishmaniasis.

MATERIALS AND METHODS

Patients. Forty-seven ATL patients suffering from CL (n � 28) and from ML
(n � 19) were studied. The group was composed of 26 men and 21 women. The
mean age � standard deviation (SD) was 35.6 � 15 years and 57 � 11.4 years,
respectively, for patients with CL and ML. All of them had acquired the disease
in areas of endemic L. braziliensis infection. The following criteria were used for
diagnosis: (i) type of lesion and epidemiological data compatible with ATL; (ii)
positive Montenegro skin test (MST) or a DTH to leishmanial antigens; (iii)
detection of Leishmania-specific serum antibodies; and (iv) detection of Leish-
mania parasites in lesion by microscopic examination of histological sections
from biopsy samples or by culture in NNN (24) modified medium. Patients were
treated with pentavalent antimonial (N-methyl-glucamine), at a dose of 15 to 20
mg of Sb5�/kg of body weight/day, given intramuscularly, for 20 to 30 days).

Patients were evaluated (i) before therapy, during the active disease (20 with
CL and 11 with ML), (ii) during the first week after the end of therapy (end-T)
(14 with CL and 8 with ML), (iii) 6 months after the end of therapy (6m-T) (7
with CL and 5 with ML), and (iv) at long term follow-up (1 to 17 years)
posttherapy (long-term) (13 with CL and 12 with ML). Twenty-three patients (14
with CL and 9 with ML) were sequentially studied during the active disease and
after therapy (end-T and/or 6m-T), while 9 of them were long-term followed up
(5 with CL and 4 with ML). Blood was drawn after informed consent was
obtained from each subject. All procedures were approved by the Ethical Com-
mittee of the Fundação Oswaldo Cruz, Ministério da Saúde, Rio de Janeiro,
Brazil.

MST. A volume of 0.1 ml of Leishmania promastigote antigens (leishmanin,
kindly provided by Wilson Mayrink, Federal University of Minas Gerais, Belo
Horizonte, Brazil) containing 40 �g of total protein per ml was injected intrad-
ermally. After 48 h, the presence of an enduration with a diameter of �5 mm was
considered a positive result. MST was performed for all patients during active
disease. Nine patients (five with CL and four with ML) were also subjected to the
test at the long-term evaluation.

Lymphocyte proliferative response (LPR) assays. PBMC were separated by
centrifugation over a gradient of Ficoll-Hypaque (Histopaque 1077; Sigma

Chemical Company, St. Louis, Mo.). Mononuclear cells were resuspended in
RPMI supplemented with 10% heat-activated human AB Rh� serum, 10 mM
HEPES, 1.5 �M L-glutamine, 0.04 mM 2-mercaptoethanol, 200 IU of penicillin
per ml, and 200 �g of streptomycin (Sigma) per ml and were adjusted to 3 � 106

cells/ml. The cells were distributed (3 � 105 per well) in triplicate into 96-well,
round-bottom plates (Nunc A/S, Roskilde, Denmark) in a final volume of 200 �l.
The cultures were incubated for 5 days at 37°C in a humidified atmosphere of 5%
CO2 in air, in the presence of the equivalent of 106 disrupted promastigotes of
L. braziliensis (MHOM/BR75/M2903) per well as antigens or concanavalin A
(lectin from Canavalia ensiformis [4 �g per well]; Sigma) as mitogen or medium
alone. Sixteen hours before harvesting, 1 �Ci of [3H] thymidine (Amersham
International, Amersham, United Kingdom), with a specific activity of 5 Ci/
mmol, was added to all wells. Cells were harvested onto fiber filters by using a cell
harvester (Skatron Instruments AS, Flow Laboratories, Rockville, Md.), and
radioactivity uptake was measured in a scintilation beta counter (TRI-CARB
Liquid Scintilator Analyzer; Packard Instrument Company, Downer Gloves, Ill.).
Results were expressed as stimulation indices (SI), defined as the mean counts in
wells containing antigens or mitogen divided by the background (mean counts in
nonstimulated wells). Indices equal to or greater than 2.5 were considered
positive.

Phenotypic characterization of L. braziliensis-reactive T cells. In parallel, leish-
manial antigen-reactive T cells were obtained in cultures after in vitro stimula-
tion of PBMC (3 � 106 per well) in 24-well flat-bottom plates (Nunc) in the
presence of 5 � 106 disrupted L. braziliensis promastigotes (final volume of 2 ml
per well) under the conditions described above. After 5 days in culture, the L.
braziliensis-reactive T cells were harvested, washed, and then separated by cen-
trifugation over a discontinuous Percoll gradient (Sigma). For phenotypic anal-
ysis, the L. braziliensis-reactive blast T cells were adjusted to 106 cells per 200 �l
in a fixative solution and incubated for 30 min at 4°C in the presence of 5 �l of
monoclonal antibodies for CD3� (CD3-RD1; Coulter Corporation, Hialeah,
Fla.), CD4� (T4-FITC; Coulter), and CD8� (T8-RD1; Coulter). After incuba-
tion, the L. braziliensis-reactive T cells were washed three times prior to analysis
by flow cytometry (EPICS 751 device; Coulter). For flow cytometry analysis, the
blast cell populations were defined by forward- and side-scatter gating.

The supernatant of each culture was collected on day 3 to test IL-4 and IL-5
concentrations and on day 5 to test IFN-� concentration. The supernatants were
stored at �20°C until use.

Cytokine measurement. Cytokines were measured in supernatants of leishma-
nial in vitro-stimulated PBMC cultures by enzyme-linked immunosorbent assay
(ELISA). All samples were tested in duplicate and compared to standard curves
to determine the cytokine concentration. Results were expressed in picograms
per milliliter.

An ELISA was used for measuring IFN-�. Human recombinant IFN-� anti-
body was used for capture (NIB4S mouse anti-human IFN-� monoclonal anti-
body), and biotinylated IFN-� antibody was used for detection (4S.B3 mouse
anti-human IFN-� monoclonal antibody); both were purchased from Pharmin-
gen (San Diego, Calif.). The standard curve was obtained using a recombinant
human IFN-�. The minimum reproducible level detected was 62.5 pg/ml.

IL-4 and IL-5 were assessed by using ELISA kits. Quantikine kits (R&D
Systems, Minneapolis, Minn.) for human IL-4 immunoassay (minimum IL-4
level detected, 31.2 pg/ml) and for human IL-5 immunoassay (minimum IL-5
level detected, 7.8 pg/ml) were used.

Five healthy uninfected individuals were included as controls. Their MST and
lymphocyte proliferative responses induced by L. braziliensis antigens were neg-
ative. Phenotypic characterization of L. braziliensis-reactive T cells was not done
because those lymphocytes did not proliferate in response to L. braziliensis
antigens.

Statistical analysis. Statistical analysis was performed by the Mann-Whitney U
test and the Kruskal-Wallis test by using the software GraphPad Instat (Graph-
Pad Software; San Diego, Calif.).

RESULTS

Patients. The periods of illness (mean � SD) were 2.4 � 1.7
months for CL and 11.8 � 11.2 years for ML. All patients
displayed active leishmaniasis when they were first examined at
the Care Unit. All patients with CL showed completely healed
lesions at the end of therapy. Although patients with ML still
displayed discreet inflammatory signs on their mucous mem-
branes at the end of therapy, they were considered cured after
6 months. Relapses were not observed among patients with CL
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or ML during the period of study. The MST (mean � SD)
performed during active disease was higher in patients with
ML (42.8 � 28 mm) than in patients with CL (24 � 18.7 mm)
(P � 0.01).

LPR of PBMC stimulated in vitro with L. braziliensis anti-
gens. The LPR induced by L. braziliensis antigens were positive
in all patients with CL tested during the active disease (SI �
30.2 � 5.8; n � 18). This mean SI as well as those observed at
end-T (SI � 14 � 4.4, n � 13), 6m-T (SI � 22.6 � 5.3; n � 6),
and long-term (SI � 15.2 � 4.6; n � 13) were not significantly
different, although the index during the active disease was
higher than those at end-T, 6m-T, and long-term. Regarding
ML during active disease, 10 out of 11 patients presented
positive LPR to L. braziliensis antigens. The SI then observed
(55.1 � 24.4) was not significantly different from those ob-
served at end-T (SI � 37.8 � 11.3; n � 8), 6m-T (SI � 48.4 �
16; n � 5), and long-term (SI � 37.3 � 22.4; n � 12). No
significant differences were observed among patients with CL
and ML during the period of study, although a tendency to
higher LPR indices was observed in ML patients.

Phenotypic characterization of L. braziliensis-reactive T
cells. Patients were studied during the active disease (9 with
CL and 9 with ML), at end-T (9 with CL and 8 with ML), 6m-T
(7 with CL and 4 with ML), and long-term (13 with CL and 12
with ML). Figure 1 shows the percentages (means � standard
errors of the means of CD4� and CD8� L. braziliensis-reactive
T cells after 5 days in culture as observed during the period of
study (active disease, end-T, 6m-T, and long-term).

During the active disease patients with CL (Fig. 1) showed
higher percentages of CD4� (59.4% � 7.2%) than CD8� (23.8
� 4.1%) L. braziliensis-reactive T cells (P � 0.0003). At end-T,
when the lesions were healed, a shift of the CD4� and CD8�

proportions was observed. Thus, an increase in the mean per-
centage of CD8� cells (49.3% � 7.7%) (P � 0.02) and similar
or even lower proportions of CD4� (41.5% � 6%) were ob-
served. Hence, a reduction in the CD4�/CD8� ratio (active
disease, 2.5; end-T, 0.8) occurred. A similar pattern was main-
tained at 6m-T (CD4�, 29.1% � 4.5%; CD8�, 34.5% � 5.3%;
ratio, 0.8). However, patients with CL evaluated long term
after therapy showed again a clear preferential induction of
CD4� cells (30.1% � 5.7%) over that of CD8� T cells (14.3%
� 1.8%) (P � 0.02). A significant decline in the proportion of
CD8� cells was observed at this time point, compared to that
found at end-T or 6m-T (P � 0.01). The proportion of CD4�

cells also decreased significantly during the period of study (P
� 0.01).

Patients with ML (Fig. 1) evaluated during the active disease
also showed higher percentages of CD4� than CD8� T cells
(CD4�, 53.7% � 6.5%; CD8�, 20.1% � 6.5%; ratio, 2.7) (P �
0.003). These proportions were not significantly different from
those at end-T (CD4�, 45.5% � 7.1%; CD8�, 11.6% � 2.9%;
ratio, 3.9) and 6m-T (CD4�, 49% � 6.9%; CD8�, 16% �
4.3%; ratio, 3.1). However, when they were evaluated at long-
term follow-up after therapy a significant decline in the per-
centage of CD4� cells (P � 0.004) and an increase in the
percentage of CD8� lymphocytes (P � 0.03) were found. Thus,
in patients with ML, the occurrence of similar proportions of
L. braziliensis-reactive CD4� and CD8� T cells was delayed,
only observed at long-term follow-up after therapy (CD4�,
20.9% � 3.2%; CD8�, 22.6% � 3.2%; ratio, 0.9), while in
patients with CL this pattern was seen earlier at the end of
therapy.

Five patients with CL and four with ML were studied se-
quentially during the whole period of study. The proportions of
CD4� and CD8� T cells from each patient evaluated at the
mentioned time points (during the active disease and at end-T,
6m-T, and long-term) were similar to the proportions observed
in CL and ML groups, respectively.

Cytokine production in response to L. braziliensis antigens.
To determine the cytokine production induced by Leishmania
stimulation, PBMC from patients with CL and ML were cul-
tured in the presence of L. braziliensis antigens. The superna-
tants were collected at day 3 for IL-4 and IL-5 tests and at day
5 for IFN-� tests. Patients were evaluated during active dis-
ease, at end-T, and long-term.

Patients with CL showed no significant differences of the
mean levels of IFN-� detected during the active disease (2,075
� 392 pg/ml, n � 8), at end-T (2,521 � 330 pg/ml, n � 8), and
long-term (2,174 � 654 pg/ml, n � 11) (Fig. 2).

Patients with ML showed similar mean levels of IFN-� quan-
tified during active disease (3,929� 247 pg/ml; n � 9) and at
end-T (3,611 � 321 pg/ml; n � 8). A tendency to increasing
levels of IFN-� was observed long-term (11,849 � 2,509 pg/ml,
n � 12), although not statistically significant (Fig. 2). However,
Fig. 2 also shows that patients with ML long after therapy can
clearly be subdivided into low IFN-� producers and high IFN-�
producers according to the levels of this cytokine, if below or

FIG. 1. Percentages of Leishmania-reactive CD4� and CD8� pro-
liferating T cells in patients with CL (top panel) or ML (bottom panel)
during the active disease, at end-T, at 6m-T, and 1 to 17 years after the
end of therapy (long-term). Results are expressed as means � standard
errors of the means. Averages of the CD4�/CD8� ratio are also rep-
resented.
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above the mean. Similar results, although not so clearly, can
also be observed in patients with CL.

The mean levels of IFN-� in the cell culture supernatants
were higher in patients with ML than in patients with CL
during the active disease (P � 0.0006) (Fig. 2). This pattern
was maintained at end-T (P � 0.03) and long-term (P �
0.0005).

The levels of type 2 cytokines (IL-4 and IL-5) were not high.
During the active disease the levels of IL-5 were significantly
higher in patients with ML (73.4 � 12.8 pg/ml, n � 7) than in
patients with CL (18 � 8.3 pg/ml, n � 11) (P � 0.01). Not
significant differences between patients with CL and those with
ML were observed at end-T (CL, 33.7 � 6.1 pg/ml, n � 5; ML,
46.3 � 17.5 pg/ml, n � 7) and long-term (CL, 41.9 � 14.1
pg/ml, n � 12; ML, 21.6 � 3.1 pg/ml, n � 5) (Fig. 3).

The IL-4 production was only measured in patients with ML.
This cytokine was detected in four out of six patients (20.4,
24.6, 50.8, and 64.4 pg/ml) during the active disease, while no

IL-4 production was observed at the end of therapy. Previous
results from our group also showed an absence of IL-4 pro-
duction in L. braziliensis-stimulated PBMC cultures from pa-
tients with CL at the end of therapy (11).

DISCUSSION

Hypersensitivity to L. braziliensis antigens has been consid-
ered extremely important in the pathophysiology of ATL (5, 6,
28). Mild disease (CL) is usually associated with apparently
well-modulated T-cell-mediated immune responses, whereas
severe cases (ML) tend to present higher T-cell responses. In
this connection, the detection of immunological profiles devel-
oped by ATL patients, in terms of Leishmania-reactive T cells
and specific cytokine production as detected in 5-day cultures
stimulated by parasite antigens, constitutes an important ap-
proach for determining the mechanisms involved in the pro-
gression or control of the disease.

Previous results from our group have shown that leishman-
iasis patients and normal subjects have similar numbers of
CD4� and CD8� T cells in PBMC (12). This can be explained
because the patients with CL and ML have very low frequen-
cies of Leishmania responder T lymphocytes in the blood
(about 1:50,000) (8). Thus, to better evaluate these specific
T-cell populations, we decided to expand them in vitro by
stimulation with Leishmania antigens.

We have already shown (11, 12) that in PBMC cultures from
patients with CL during active disease there is a preferential
induction of L. braziliensis-reactive CD4� T cells and a mixed
profile of cytokine production (type 1 and type 2). Resolution
of CL lesions at the end of the antimonial therapy is, however,
associated with induction of increased proportions of L. bra-
ziliensis-reactive-CD8� T cells, decline of CD4� L. braziliensis-
reactive T cells, and a consequent equilibrium of CD4� and
CD8� T-cell proportions or even a switch in the CD4�/CD8�

ratio (11, 12). These results were confirmed in the present
report as well as in a recent publication from another group
(31).

In terms of IFN-� production, CD4� T cells have been
considered as its main source, although CD8� and CD4�

CD8� cells can also be involved (2, 19). Other authors have
observed that patients with CL evaluated after therapy pre-
sented increased percentage of IFN-� producing T cells, par-
ticularly among CD8� lymphocytes (31). Preliminary results
from our group have shown that IFN-� can intracellularly be
detected in CD4� and CD8� T cells (unpublished data). Sim-
ilar levels of IFN-� were presently detected during active dis-
ease and at the end of therapy, as has already been demon-
strated. Higher (11, 12, 31) or even lower (27) levels of IFN-�
have been shown after cure, although not significantly, in both
cases. Thus, the switch in the proportions of CD4� and CD8�

T cells observed in CL patients after therapy apparently did
not have any influence on the IFN-� production.

On the other hand, previous results from our laboratory
have demonstrated that IL-4 is associated with active disease,
because this cytokine was detected before therapy but not
recently after cure (11). Studies on patients infected by Leish-
mania aethiopica in Africa have shown similar results (22). All
these results suggest that the healing process can be associated
with a well-modulated type 1 response, although we have de-

FIG. 2. IFN-� production in supernatants of PBMCs stimulated in
vitro with leishmanial antigens. Patients with CL or ML were evaluated
during the active disease, at end-T, and 1 to 17 years after the end of
therapy (long-term). Patients are represented by points, and means are
indicated by lines.

FIG. 3. IL-5 production in supernatants of PBMCs stimulated in
vitro with leishmanial antigens. Patients with CL or ML were evaluated
during the active disease, at end-T, and 1 to 17 years after the end of
therapy (long-term). Patients are represented by points, and means are
indicated by lines.
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tected production of IL-5 (levels lower than 50 pg/ml) during
that period. Interestingly, volunteers vaccinated with crude
promastigote antigens from New World Leishmania species
also showed L. braziliensis-specific T-cell responses similar to
that observed in recently patients cured of CL (14), i.e., a
higher proportion of CD8� than CD4� T cells and IFN-�
production in the absence of IL-4.

Taken together, these results point to a beneficial effect of
increasing CD8� T cells, decreasing CD4� T cells, and the
absence of IL-4 in the mechanisms for cure and probably
protection against American CL, as observed early after ther-
apy (Fig. 1) as well as after vaccination (14). However, we
cannot exclude the possibility that NK cells may be present in
the L. braziliensis-stimulated cultures (22).

We then decided to investigate the T-cell-mediated immune
responses of patients suffering from mucosal lesions (ML). The
intent was to get a better explanation for the severity of the
disease and consequently to provide possibilities for interven-
tions which could alter the usually severe prognosis.

Similar to findings for patients with CL, higher proportions
of CD4� than CD8� L. braziliensis-reactive T cells were also
found during active disease in patients with ML. However, a
switch in the CD4�/CD8� ratio was not observed soon after
therapy (end-T). This can be related to the severity and exac-
erbated hypersensitivity of the mucosal disease leading to
longer periods for resolution of lesions after therapy. In fact, a
complete resolution of the mucosal lesions is usually observed
about 6 months after therapy, whereas CL lesions are fre-
quently healed even before the end of therapy (13, 24). More-
over, we observed that ML patients during active disease had
significantly higher production of type 1 (IFN-�) and type 2
(IL-4 and IL-5) cytokines compared to patients with CL. Pre-
vious studies have associated the induction of cytokines such as
IFN-� or tumor necrosis factor alpha, as well as the increased
expression of mucosal IL-4 in mucosal lesions with the patho-
genesis of the disease (5, 6, 13, 26). Thus, it is likely that the
observed exacerbated hypersensitivity to leishmanial antigens
in ML associated with high production of both cytokine types
may have a detrimental effect, contributing to the severity of
the disease (5, 6, 13, 27). Indeed, stronger intradermal leish-
manin test and lymphoproliferative responses, as well as higher
frequencies of L. braziliensis-reactive T cells and higher specific
cytotoxic activity have been observed in patients with ML com-
pared to patients with CL (3, 5, 6, 8, 28). These results suggest
that not only an exacerbated functional activity of T cells but
also a dysregulation of the cytokine network may contribute to
the destruction of mucosal tissues.

Long-term evaluation of patients after therapy would be an
interesting approach to understand why some CL patients,
despite the clinical cure, may relapse, presenting secondary
mucosal lesions, whereas the vast majority of healed patients
show a consistent cure and protection against reinfection. In
this connection, patients with CL at 6m-T showed proportions
of L. braziliensis-reactive CD4� and CD8� T cells similar to
those observed recently after therapy, although a tendency for
decreasing proportions of these T-cell subsets occurred (Fig.
1). However, in long-term follow-up of patients with CL, con-
tinuous decreasing of levels of CD8� lymphocytes occurred,
leading to another switch in the CD4�/CD8� ratio. This pos-
itive CD4�/CD8� ratio, as well as the production of IFN-� and

IL-5, was similar to that observed during active disease. IL-4,
however, was not detected in any period after therapy. Thus, in
patients with CL we cannot distinguish between T-cell re-
sponses induced during the active disease and at long-term
follow-up after cure in terms of IFN-� or IL-5 production and
CD4�/CD8� ratio, although the percentages of these T-cell
subsets were significantly lower long after cure. We can spec-
ulate that decreasing proportions of L. braziliensis-reactive
CD4� and CD8� T cells and the persistence of type 1 CD4� T
cells in the absence of IL-4 production could constitute an
important step to avoid reactivation of the disease. Recently, it
was demonstrated that patients who had recovered from L.
major infection had preferential induction of Leishmania-re-
active CD4� T cells and IFN-� production (1). These obser-
vations would be in agreement with our present results if they
refer to patients studied one or more years after therapy.

The T-cell-mediated immune responses observed long-term
after cure may represent a sustained immune response occur-
ring one or more years after clinical cure, associated with
protection against relapses or reinfections. The CD8� T-cell
populations that were expanded at the end of therapy could be
mainly constituted by effector cells that would have a tendency
to became apoptotic shortly after the pathogen elimination
(18). The CD8� T lymphocytes that remain in circulation
could be reexpanded and differentiated into effector cells for
controlling relapses or reinfection when restimulated by the
parasite antigens (4, 21, 23, 25). The presence of L. braziliensis-
specific CD4� T cells should also be extremely important,
because these cells may contribute to stabilize the remaining
CD8� T-cell populations in circulation (29, 32).

When clinical cure of mucosal lesions is apparently consol-
idated (long-term), a clear pattern of type 1 cytokine appears,
associated with a decreased proportion of CD4� L. braziliensis-
reactive T cells and a CD4�/CD8� ratio near 1. Compared to
active disease, patients with ML evaluated at long-term fol-
low-up after therapy showed increasing IFN-� levels, signifi-
cant decrease in IL-5, and no IL-4 production. Interestingly,
two subgroups of IFN-� producers were found: high and low
responders (Fig. 2). Unfortunately, the statistical analysis on
association among IFN-� low or high responders and other
immunologic parameters or clinical features did not show any
significant difference, probably because of the small number of
ML patients so far studied long-term after cure. What these
results mean in terms of possibility for reactivation of mucosal
lesions will probably be answered during the next 5 years of
evaluation.

We detected at least two apparently beneficial immunolog-
ical parameters in tegumentary leishmaniasis: (i) decreasing
proportions of CD4� L. braziliensis-reactive T cells in the ab-
sence of IL-4 production associated with cure of CL and ML
and (ii) decreasing levels of IL-5, better detected in ML long-
term after cure.

These CD4�/CD8� and cytokine profiles observed in pa-
tients with CL and ML during active disease, recently after
therapy, and at long-term follow-up after therapy can be useful
for prognosis of the disease and also as immunological param-
eters associated with protection that could be helpful for stud-
ies on screening of antigen candidates for future vaccines.
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