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Abstract

To study the role of Natural Killer (NK) cells in Leishmania infection, peritoneal
macrophages from BALB/c mice were infected with Leishmania (Leishmania)
amazonensis promastigotes and incubated with interleukin-2 (IL-2)-activated
NK (A-NK) cells at different ratios of A-NK cells to infected macrophages
(5:1, 1:1, 0.2:1). The A-NK cells were added either together with the parasites
(0-h group) or 24 h later (24-h group). Morphological studies of the cultures
revealed predominance of parasitic debris within macrophages that were in close
contact with A-NK cells and the decrease in parasite recovery was directly
proportional to the A-NK cell concentration used. Interferon-� (IFN-�) and
IL-12 were detected in the supernatant at levels proportional to the A-NK cell
concentration used. No significant difference was observed between the groups
with respect to NO levels in the culture supernatant. When A-NK cells were
added directly to the L. (L.) amazonensis promastigote cultures, the parasite
recovery decreased proportional to the number of A-NK cells added. In vivo
studies demonstrated smaller lesion sizes in animals inoculated with both para-
sites and A-NK cells compared with parasites alone. Histopathology of the skin
lesions from animals receiving A-NK cells together with the parasites showed
moderate parasitism and a nodular inflammatory infiltrate formed by mono-
nuclear cells and a few vacuolized macrophages. In contrast, animals inoculated
only with the parasites showed a highly parasitized dermis with infiltration of
intensely vacuolized macrophages. These results demonstrate the role of A-NK
cells in parasite lysis and in resistance of macrophages to L. (L.) amazonensis in
the early phase of infection.

Introduction

Leishmania parasites are intracellular protozoa that are
transmitted to vertebrate hosts via sandfly bites in the
form of flagellated promastigotes [1]. The promastigotes
transform into aflagellated amastigotes inside the verte-
brate host and multiply by binary division inside macro-
phages [2]. Depending upon parasite species and host
immune response, Leishmania infection can cause several
forms of disease with different clinical manifestations
[3]. Cutaneous leishmaniasis caused by Leishmania
(Leishmania) amazonensis is responsible for a spectrum of
clinical features in Brazil including localized, disseminated
and diffuse cutaneous lesions; the latter, representing an
anergic pole of the host response, is a severe form of the
disease in Brazil [4].

Natural Killer (NK) cells participate in the innate
immune response against leishmaniasis infection, but the
exact role of these cells in the host defence is still a matter
of discussion. These cells are an important source of inter-
feron-� (IFN-�) with the potential to activate leishmani-
cidal mechanisms in infected macrophages and to trigger
the Th-1 type of immune response [5–7]. There are also
reports suggesting a direct role of NK cells on the control
of the number of parasites and on lesion size in experi-
mental cutaneous leishmaniasis [8, 9]. Despite the abun-
dance of reports showing the protective role of NK cells in
the defence against infection caused by leishmaniasis, there
are only a few reports that discuss the role of NK cells in
the control of the disease. Sartori et al. 1999 [10] showed
an increase in NK cytotoxic activity in the early phase of
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experimental visceral leishmaniasis; however, this increase
was not able to inhibit the progression of the disease. On
the other hand, Satoskar et al. 1999 [11] showed that mice
genetically depleted of NK cells and infected with
Leishmania major were able to produce significant
amounts of interleukin-12 (IL-12) and IFN-g and to con-
trol the progression of cutaneous leishmaniasis.

Certain subpopulations of NK cells, after incubation with
IL-2, develop the ability to adhere quickly to plastic [12].
These adherent cells can be separated from the nonadherent
cells and maintained in culture with IL-2. NK cells activated
by IL-2 (i.e. A-NK) display high cytotoxicity in vitro and
can kill both NK-sensitive and -resistant targets. Following
the stimulation with IL-2, these cells begin to proliferate
vigorously, and the size and number of their cytoplasmic
granules increase [13]. The phenotype of A-NK cells has
been shown to be: >95% large granular lymphocytes,
>98% asialo-GM1þ, >60% NK1.1þ and only 4–9%
LyT2þ and <2% L3T4þ [12, 14–16].

In order to better characterize the role of NK cells in the
early period of L. (L.) amazonensis infection, we evaluated
the effect of A-NK cells on BALB/c mice peritoneal macro-
phage cultures infected with promastigote forms of the
parasite. We analysed parasite recovery after A-NK-cell
exposure and measured IFN-g, IL-12 and NO levels in
the supernatant of the cultures. We also studied the direct
role of A-NK cells on promastigote forms of the parasite
and on the evolution of the infection in vivo.

Materials and methods

Animals. BALB/c mice, males, between 8 and 10 weeks of
age, were obtained from General Colony of University of
São Paulo Medical School. The animals were kept in the
laboratory during the experiments with diet and water ad
libitum and subjected to alternating light and darkness for
12 h. The protocol was approved by the Institutional Animal
Care and Use Committee of the University of São Paulo.

Parasites. L. (L.) amazonensis promastigotes (M17207
strain) were isolated from a patient with cutaneous leish-
maniasis in Pará, Brazil, and classified by monoclonal
antibodies and isoenzymes in the Instituto Evandro
Chagas, Belém (PA), Brazil. The parasites, maintained in
BALB/c mice, were isolated and expanded in RPMI-1640
medium (Gibco, Carlsbad, CA, USA) supplemented with
10% heat-inactivated FCS (Gibco), 0.25mM HEPES
(Sigma, St. Louis, MO, USA), 10mg/ml of gentamicin
and 100 IU/ml of penicillin (complete RPMI medium) for
the experiments. Parasites in the stationary phase of
growth, between two and three passages in the culture,
were used for macrophage infection. The parasites were
washed three times in sterile phosphate saline buffer
0.01 M, pH 7.2 (PBS), and mixed with macrophages to

reach a final concentration of five parasites to one
macrophage.

IL-2 A-NK cells. BALB/c mice spleens were asceptically
harvested, and single-cell suspensions were prepared in com-
plete RPMI medium. After passage through nylon wool, the
red blood cells were lysed by ammonium chloride (NH4Cl
8.29 g; K2HCO3 1.0 g; EDTA 0.0372 g for 1 l of bidistilled
water). Nylon wool nonadherent spleen cells were transferred
into culture flasks T75 (Corning, NY, USA) with 30ml of
complete RPMI medium supplemented with 1000U/ml of
r-IL2 (Cetus Corporation, Emeryville, CA, USA). The cul-
ture flasks were maintained in a 5%CO2 incubator at 37

�C.
After 2 days, nonadherent spleen cells were removed, and
plastic adherents cells were maintained in culture with 30ml
of complete RPMI medium supplemented with r-IL2 for 5
more days. A-NK cells were harvested after a short treatment
with 0.02% EDTA [14, 17].

Flow cytometric analysis. The A-NK cells’ phenotype was
analysed. The cells were washed twice in complete RPMI
medium and resuspended at 2� 105 per tube in staining
buffer (PBS 1% bovine albumin). Direct staining with con-
jugate antibodies (Becton-Dickinson Immunocytometry
Systems, San Jose, CA, USA) was performed. Four micro-
litre of r-phycoerythrin-conjugated rat antimouse Pan-NK
cell (DX5) antibody, 4ml of FITC-conjugated rat antimouse
CD3e (CD3e chain) antibody, 4ml of FITC-conjugated rat
antimouse CD4 (RM4-5) antibody and 4ml of FITC-con-
jugated rat antimouse CD8a (53-6.7) antibody were added
to tubes with cell suspension and incubated for 30min at
4 �C. Flow cytometric analyses were performed using a
fluorescence-activated cell sorter with logarithmic amplifica-
tion (Coulter, Fullerton, CA, USA).

Cytotoxicity assay. The cytotoxicity assay was performed
according to Kay and Horwitz 1980 [18]. Briefly, the
concentration of target cells, YAC-1 (murine lymphosar-
coma cells), was adjusted to 106 cells/ml in 20ml of
RPMI-1640 and was labelled with sodium chromate
NA2

51CrO4 (IPEN-CNEN/SP, São Paulo, SP, Brazil).
After incubation at 37 �C in 5% CO2 atmosphere for
60min, the cells were washed in RPMI 1640 to remove
the unlabelled sodium chromate, and the concentration
was adjusted to 5� 106 cells/ml. Hundred microlitre of
target cells was added to 100 ml of effectors cells (A-NK
cells) in 96-well flat-bottomed culture plates (Costar,
Rochester, NY, USA) in a ratio of 1:5, 1:1 and 1:0.2,
respectively. The plate was incubated at 37 �C in 5%
CO2 atmosphere for 18 h in a humid chamber. Then,
the plate was centrifuged at 200� g for 5min, and
100 ml of the supernatant of each sample was read in a
Gamma Counter (Pharmacia�, Uppsala, Sweden).

Macrophage culture and infection. About 1� 105 BALB/c
mice peritoneal macrophages were allowed to attach in
sterile 13-mm round coverslips (GlassTécnica, São Paulo,
SP, Brazil) in complete RPMI medium and placed in
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24-well plates (Costar). Leishmania (Leishmania) amazonensis
promastigotes in stationary phase of culture growth were
added to the macrophage monolayers at a ratio of five
parasites to one macrophage, and the culture was incubated
at 5% CO2 at 35 �C for 24h. Three ratios of A-
NK :macrophage (5:1, 1:1 and 0.2:1) were studied, using
only infected macrophages as control. Two experiments were
performed: 0-h group – A-NK cells were added together with
parasites; 24-h group – A-NK cells were added after 24h of
macrophage infection with or without the maintenance of r-IL-
2. Morphological aspects of the cultures after A-NK exposure
were analysed by light and electronic transmission microscopy.

Parasite recovery. The viable parasites were evaluated in
macrophage cultures infected with L. (L.) amazonensis
promastigotes after 24 h of A-NK cell exposure. The
RPMI medium was changed with Schneider medium sup-
plemented with 10% fetal bovine serum, 2% human
urine, 10mg/ml of gentamicin and 100 IU/ml of penicil-
lin, and the culture plate was maintained in a 25 �C
incubator for 7 days. The promastigote forms of the para-
site were quantified using a Neubauer chamber.

NO determination. The NO production was deter-
mined through the concentration of nitrites present in
the supernatants of macrophage cultures infected with
promastigotes of L. (L.) amazonensis, as described by
Green et al. 1990 [19]. Briefly, 300 ml of culture super-
natants was incubated with the same volume of Griess
reagent (1% sulfonilamide, 0.1% naftilenodiamin dihidro-
cloret and 2.5% orthophosphoric acid) for 10min at
room temperature. The absorbance was determined in a
spectrophotometer using a 550-nm filter. The results
were expressed in NO2

–mM, according to a standard curve.
IFN-� and IL-12 determination. The IFN-g and IL-12

levels in the culture supernatants were evaluated by
Capture ELISA using mouse standard kits for cytokine
measurements (BioSource Europe SA, Fleurus, Belgium).
Hundred microlitre of BALB/c mice peritoneal macro-
phages in complete RPMI medium at 2� 105 cells/ml
was placed in 96-well plates (Costar), and the culture was
kept at 5% CO2 incubator at 35

�C for 24 h. Then, 50 ml
of parasite suspension was added to the macrophages at
the concentration of five parasites to one macrophage.
Three ratios of A-NK :macrophage (5:1, 1:1 and 0.2:1) were
studied, using only infected macrophages as control. Fifty
microlitre of A-NK cells was added together with parasites
(0-h group) and after 24 h of macrophage infection (24-h
group) with or without r-IL-2. After 24 h of A-NK-cell
exposure, the supernatants were collected, and 100 ml was
used for IFN-g (Mouse IFN-g Immunoassay Kit,
KMC4021) and 50 ml for IL-12 (Mouse IL-12 þ p40
Immunoassay Kit, KMC0121) measurements.

The role of A-NK cells in promastigote lysis. About
2� 105 promastigotes of L. (L.) amazonensis and A-NK
cells were incubated in complete RPMI medium for 4 h at
35 �C with 5% CO2 and humid atmosphere at

concentrations of 5:1, 1:1 and 0.2:1 A-NK : promastigotes.
After this period, RPMI medium was changed with
Schneider’s medium and the culture incubated at 25 �C
to measure parasite recovery after A-NK cell exposure. On
day 7, the promastigotes were quantified in a Neubauer
chamber.

In vivo study. BALB/c mice were inoculated subcuta-
neously with 105 L. (L.) amazonensis promastigotes into
the hind footpads. After 24 h, 3� 105 A-NK cells were
inoculated at the parasite inoculation site. The lesion sizes
were measured weekly, and the histopathological changes
were studied at day 120 of infection when the animals
were killed.

Statistical analysis. The computer program SIGMASTAT

2.0, 1997, was used. Each event was analysed in block,
and the difference between the two groups was evaluated
by the Paired t-test method, with P< 0.05 considered
statistically significant.

Results

Characterization of A-NK cells

The A-NK cells used in our experiments were characterized
morphologically by transmission electronic microscopy
as large lymphocytes with multiple intracytoplasmatic
granules. The surface phenotype of the A-NK cells on the
day 7 in culture analysed by flow cytometry showed:
Pan NK (DX5) 97.7%, CD3e 16.6%, CD4 1.9% and
CD8a 8.4%. The 51Cr-release microcytotoxicity
assay showed that the percentage of lysis of targets
cells (YAC-1) was directly proportional to the ratio of
effectors cells (A-NK) to target cell used, 49.17% for 5:1,
29.76% for 1:1 and 12.53% for 0.2:1, A-NK : YAC-1,
respectively.

Light and electronic microscopy studies

By light microscopy, cells with typical macrophage mor-
phology containing amastigotes were seen in the controls.
When A-NK cells were added to the cultures, macrophages
and parasites with signs of degeneration were observed,
proportional to the concentration of A-NK cells used
(Fig. 1). The transmission electron microscopy studies
confirmed the results observed in light microscopy. Cells
with typical macrophage morphology and intact parasites
inside the vacuoles were observed in the controls (Fig. 2A).
When incubated with A-NK cells, a predominance of
parasitic debris inside the vacuoles of infected macrophages
in close contact with A-NK cells and signs of macrophage
cellular membrane rupture were observed mainly in the
groups with the largest concentration of A-NK cells used
(Fig. 2B). Macrophages with intact and degenerated para-
sites surrounded by the A-NK cells were seen in 1:1 and
0.2:1, A-NK cells : macrophage groups (Fig. 2C,D).
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Parasite recovery after A-NK exposition

The parasite recovery in Schneider medium showed
a reduced number of viable parasites in the presence of
A-NK cells compared with controls after 24 h of exposure
to A-NK cells (Fig. 3A). There were significant differences
when A-NK cells and macrophage were cocultivated at
ratios of 5:1 and 1:1 (P< 0.05). While the presence of
rIL-2 in the cultures did not cause any difference in
cultures containing A-NK cells, the parasite recovery was
significantly smaller in the control groups with rIL-2 sti-
mulation than in control groups without rIL-2 stimulation
(Fig. 3B).

When the A-NK cells were added to the macrophages
simultaneously with the parasites (0-h group), the parasite
recovery after 24 h of A-NK cells exposure was also sig-
nificantly reduced compared with the control (P< 0.05).
It was directly proportional to the A-NK-cell concentra-
tion used (Fig. 3C). In the 0.2:1 A-NK :macrophage
group, the presence of rIL-2 in the cultures led to a
significant decrease in parasite recovery (P< 0.05)
(Fig. 3D).

Determination of nitrite concentration

No significant differences in nitrite levels in the super-
natants from control and experimental groups were
found in any groups, neither at 0-h nor at 24-h (Fig. 4).

Determination of the IFN-g and IL-12 levels

Both at 0 and 24 h, the IFN-g levels in the supernatant
were high in cultures of infected macrophages that were

exposed to A-NK cells compared with the controls (only
infected macrophages) (P< 0.05). The IFN-g levels were
directly proportional to the concentration of A-NK cells
used. The presence of rIL-2 in the cultures further
increased IFN-g levels at A-NK cell : macrophage ratios
of 1:1 and 0.2:1 (Fig. 5). No differences were observed
between 0-h and 24-h group.

In general, low levels of IL-12 were present in the
supernatant of the cultures. There was a slight, but not
significant, increase in IL-12 levels in the cultures contain-
ing the highest concentrations of A-NK cells in both the
0- and 24-h groups (P< 0.05). The presence of rIL-2 in
the cultures did not lead to differences in IL-12 levels in
any group (Fig. 6).

The role of A-NK cells in the elimination of promastigotes

The parasite recovery after exposing the promastigotes to
different concentrations of A-NK cells was smaller than
the control and was directly proportional to the A-NK-cell
concentrations used. There were significant differences
when 5:1 and 1:1 ratios of A-NK cells : promastigotes
were used compared with the control (Fig. 7).

In vivo studies

The hind footpad swelling increased with the duration of
infection in both groups, but it was smaller in the animals
inoculated with both the parasites and A-NK cells com-
pared with the animals inoculated only with the parasites
at 45 days of infection with significant difference at 90
days of infection (Fig. 8). Histopathological analysis at day
120 of infection of animals inoculated only with parasites

A B C D

Figure 1 Morphological aspects of BALB/c
peritoneal macrophage cultures infected with

promastigotes of Leishmania (Leishmania)
amazonensis and exposed to different concen-

trations of activated-natural killer (A-NK) cells

during 24 h (Giemsa, magnification �100).
(A) control; (B) five A-NK : one macrophage;

(C) one A-NK : one macrophage; (D) 0.2

A-NK : one macrophage.

A B C D

Figure 2 Ultrastructural aspects of BALB/c
peritoneal macrophage cultures infected with

promastigotes of Leishmania (Leishmania) ama-
zonensis and exposed to different concentra-

tions of activated-natural killer (A-NK) cells

during 24 h (Magnification �3000). (A) con-
trol; (B) five A-NK : one macrophage; (C) one

A-NK : one macrophage; (D) 0.2 A-NK : one

macrophage.
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showed foamy cells heavily infected with parasites. In
contrast, animals inoculated with parasites and A-NK
cells showed a nodular mononuclear inflammatory infil-
trate in the dermis characterized by lymphocytes, plasma
cells and macrophages with moderate parasitism
(Fig. 9A,B).

Discussion

The main function of NK cells, so far identified, is the
lysis of cells that are altered from normal self, including
tumoural cells and cells infected with intracellular patho-
gens [20]. NK cells may have an important role in the
defence against infection caused by Leishmania. In the
initial phase of the infection by Leishmania , NK cells
play a relevant part in controlling the number of parasites
and the size of the injury through the activation of

leishmanicidal mechanisms [8]. In a model of selective
depletion of NK cells with an unbroken repertoire of T
and B cells and preservation of the ability to produce IFN-
a and IL-2, Laurenti et al. 1999 [9] have shown an
increase in the number of parasites in injured skin of
BALB/c mice inoculated with L. (L.) amazonensis after 7
days of infection, supporting the hypothesis of a direct role
of these cells in the early phases of the infection.

In this study, the morphologic analysis of the cultures
by transmission electron microscopy showed infected
macrophages surrounded by A-NK cells. After 24 h of
exposition to A-NK cells, some macrophage demonstrated
lysis of the cellular membrane, and degenerated parasites
(chromatin condensation, extraction of cytosol, absence of
microtubules and often loss of integrity of the parasitic
membrane) could be seen. The intensity of the cellular and
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parasitic degeneration was related directly to the number
of A-NK cells used in the cultures. These data support the
findings reported by Resnick et al. 1988 [20] and suggest a
direct role of NK cells in the lysis of macrophages infected
by Leishmania. In order to determine whether exposure to
A-NK cells led to the destruction of parasites outside or
inside of the macrophage, a technique of parasite recovery
was developed. In this method, the number of viable
parasites recovered after A-NK-cell exposure diminished
proportionally to the concentration of effector cells used,
confirming the data described above. Importantly, in the
experiments where the A-NK cells had been added to the
macrophage cultures simultaneously with the parasites (i.e.
the 0-h group), the recovery of parasites was lower com-
pared with the group where the A-NK cells had been
added 24 h after the parasites. This suggests a direct role

of the A-NK cells in extracellular lysis of Leishmania
promastigotes. While the presence of rIL-2 did not modify
significantly the effect of the A-NK cells in the cultures of
infected macrophages, the presence of rIL-2 in the culture
media lowered the recovery of parasites in the control
groups. This observation may be related to the activation
of macrophages by the rIL-2 causing lysis of intracellular
parasites in vitro.

The direct role of A-NK cells in control of the promas-
tigote forms of L. (L.) amazonensis was confirmed in the
experiment where A-NK cells had been added to the
cultures of promastigotes for 4 h. The number of viable
parasites was diminished proportional to the number of
A-NK cells added. These results confirm the ability of the
A-NK cells to kill promastigotes of Leishmania before they
can enter the macrophages.
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The Leishmania-controlling effect mediated by the
A-NK cells both in the context of infected macrophages
and directly on the extracellular promastigotes can be
explained by the high cytotoxic activity of the A-NK
cells. In cytotoxic assays, lysis of more than 50% of the
target cells was demonstrated when A-NK cells were mixed
with YAC-1 cells in 5:1 ratio. In the literature, it has been
described that lysis of infected cells by NK cells depends
on the action of perforin which induces the formation of
pores in the target cell membrane [21, 22].

Beyond the mechanism of direct lysis of infected cells by
intracellular parasites, NK cells can produce cytokines which
may activate the microbicidal machinery of infected cells
needed for intracellular destruction of pathogens. In
Leishmania infections, NK cells may play an important
role in the initial phase of the infection, by producing
IFN-g which activates leishmanicidal mechanisms in
infected macrophages. Moreover, the production of IFN-g
by NK cells in the early phase of the infection may induce
host CD4þ Th1 responses needed for the resistance to
cutaneous leishmaniasis. Thus, mice depleted of NK cells
show a reduced production of IFN-g but increased produc-
tion of IL-4 by splenic and lymph node cells, and they
harbor increased numbers of parasites in the infected tissues
[6, 7]. The production of IFN-g in the supernatants of the
macrophage cultures that were infected and exposed to the
different concentrations of A-NK cells was directly propor-
tional to the concentrations of A-NK cells used and pre-
sented higher levels than infected macrophages cultured
without A-NK cells. The presence of rIL-2 in the cultures
further increased the production of IFN-g.

IL-12 stimulates NK cells to produce IFN-g and may in
this way help to activate infected macrophages during early
phases of the infection. Mice susceptible to Leishmania
produce low amounts of IL-12, while resistant mice pro-
duce higher amounts of this cytokine [5, 23]. The admin-
istration of IL-12 to susceptible mice leads to a reduction
in parasite burden and to increased IFN-g production and
reduced IL-4 production. Furthermore, administration of
IL-12 antibody leads to an increase in the parasite burden
even in resistant mice presumably via a reduction in the
production of IFN-g [24]. Thus, NK cells may be a crucial
component to drive the cellular immune response of the
Th1 type through IFN-g secretion in response to IL-12
stimulation [25].

We found that the levels of IL-12 in the supernatant of
the macrophages, infected and exposed to different con-
centrations of A-NK cells, were increased in the presence
of A-NK cells (however, to a lower degree than IFN-g) but
did not show a well-defined correlation with the concen-
tration of A-NK cells used. Significant differences in IL-12
production were observed between the controls (macro-
phages only) and the cultures with 5:1 mixtures of A-NK
cells and macrophages. As the presence of rIL-2 in the
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A B
Figure 9 Histopathology of Leishmania
(Leishmania) amazonensis subcutaneous inocu-
lation site at day 120 postinfection (H&E,

magnification �40). (A) BALB/c mice inocu-

lated with parasite showing foamy cells heavily

parasitized and (B) BALB/c mice inoculated

with parasite and activated-natural killer cells

showing nodular mononuclear inflammatory

infiltrate with moderate parasitism.
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cultures did not modify the production of IL-12, it does
not appear that rIL-2 plays an important role in the
modulation of the IL-12 production by infected
macrophages.

Microbicidal mechanisms leading to the death of
Leishmania parasites inside macrophages can be activated
by the NO which originates through the metabolism of
the L-arginine [26]. Studies of macrophages from iNOS-
deficient mice confirm the role of NO as an important
effector molecule in the death of intracellular parasites
such as Leishmania. On the other hand, it has been
described that Leishmania can directly inhibit the synthesis
of NO and block the development of Th1 cellular
immune responses, by inhibition of IL-12 synthesis [27,
28]. Our experiments showed a general low level of NO
with no significant differences between groups of infected
macrophages whether these were exposed to A-NK cells or
not. This indicates that NO-dependent leishmanicidal
mechanisms may not play an important role in our experi-
mental conditions. Other microbicidal mechanisms such
as production of oxygen radicals could be involved in the
control of the Leishmania infection in our model.

The data obtained in our studies indicate that A-NK
cells play a major role in the control of the parasitism of
infected macrophages via direct lysis of the host cell and/or
parasites. This is supported by the reduction in the num-
ber of viable parasites, parasitic degeneration and cellular
lysis occurring in the cultures of infected macrophages
exposed to different concentrations of A-NK cells. Our
experiments also confirmed a direct role of the A-NK cells
on the control of the number of parasites in the
Leishmania infection in vivo.
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Márcia D. Laurenti c, Carlos E.P. Corbettc

a Parasitology Department, Evandro Chagas Institute (Surveillance Secretary of Health, Ministry of Health),
Avenida Almirante Barroso, 492, 66090-000, Belém, Pará State, Brazil
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Summary The role of dendritic Langerhans cells (LCs) in the immunopathogenesis of American
cutaneous leishmaniasis (ACL) was reviewed in the light of more recent clinical and immunolog-
ical features of ACL, caused by the principal human pathogenic leishmanial parasites found in
Brazil: Leishmania (Viannia) braziliensis and L. (L.) amazonensis. The report shows a species-
specific correlation between the LC density and the CD4+ and CD8+ T-cell profiles in the cellular
infiltrate of skin lesions of ACL patients, providing the conclusion that LCs might be influenc-
ing the dichotomy of interaction between L. (V.) braziliensis and L. (L.) amazonensis with the
human T-cell immune response. While L. (V.) braziliensis shows a clear tendency to direct
infection to the hypersensitivity pole of the ACL clinical—immunological spectrum marked by
a strong Th1-type immune response, L. (L.) amazonensis shows the opposite, directing infec-
tion to the hyposensitivity pole associated with a marked Th2-type immune response. These are
Brazil probably the main immunological mechanisms of LCs regarding the immune response dichotomy
that modulates infection outcome by these Leishmania parasites.

opica
© 2008 Royal Society of Tr
reserved.
1. Introduction

American cutaneous leishmaniasis (ACL) is a parasitic pro-
tozoal disease that is widespread in most Latin American
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ountries, with different species of the genus Leishmania
erving as etiological agents. At least 14 recognized species
f Leishmania currently exist within the subgenera Viannia

nd Leishmania that may produce ACL (Lainson and Shaw,
987, 2005). However, in Brazil, where half of these species
ay be found, L. (Viannia) braziliensis and L. (Leishmania)

mazonensis are the principal species that are pathogenic
o humans (Silveira et al., 1997, 2004), which justifies the
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ocus of this review on these two Leishmania parasites.
ollowing infection by these species, some naturally resis-
ant individuals (asymptomatic) will occur, along with others
resenting different degrees of susceptibility to infection
symptomatic). Thus, depending upon the species of the
nfecting Leishmania and the infected individual’s T-cell
mmune response, a spectrum of clinical and immunological
orms of disease develops.

At the center of the clinical—immunological spectrum
s localized cutaneous leishmaniasis (LCL), the most fre-
uent form of ACL, which may be caused by both parasitic
pecies. Generally, LCL consists of one or more ulcerated
kin lesions, supported by an efficient Th1-type immune
esponse (Cáceres-Dittmar et al., 1993; Carvalho et al.,
995; Pirmez et al., 1993); this T-cell response mechanism
licits a high degree of resistance against infection by LCL,
s well as favorable results from traditional antimony ther-
py.

From the center of the spectrum, some infections not
ntirely under the control of T-cell immune mechanisms
ay evolve to one of the two polar forms of disease: either

he T-cell hypersensitivity pole, represented by mucocuta-
eous leishmaniasis (MCL), for which L. (V.) braziliensis is
he main causative agent of this form of ACL, or the T-cell
yposensitivity pole, consisting of anergic diffuse cutaneous
eishmaniasis (ADCL), mainly caused by L. (L.) amazonensis
n South America or by L. (L.) mexicana in Central Amer-
ca. It has now been determined that this deviation of T-cell
mmune response during infection to either MCL (hypersen-
itivity) or ADCL (hyposensitivity) is highly influenced by the
pecific antigen stimulating the host immune response: i.e.
he Leishmania species involved. Thus, it would be a mis-
nderstanding to regard L. (V.) braziliensis as potentially
esponsible for inducing the T-cell response hyposensitiv-
ty found in ADCL and L. (L.) amazonensis as responsible
or the T-cell response hypersensitivity shown in MCL. This
ermitted the conclusion that L. (V.) braziliensis is without
oubt the most specialized American leishmanial parasite,
resenting the ability to stimulate T-cell response, and,
n contrast, that L. (L.) amazonensis is a poor stimulator.
hese immunopathological differences may be regarded as
he principal immunomodulatory mechanisms responsible
or MCL and ADCL; while the former results from a vigorous
-cell response induced by L. (V.) braziliensis, ADCL comes
rom a typically deficient T-cell response associated with
. (L.) amazonensis.

Clinically, there are also certain differences that dis-
inguish these diseases: while MCL comprises necrosis of
asopharyngeal mucosal tissues in strong association with
igh serum production of IFN-� and TNF-� (Blackwell, 1999;
astes et al., 1993; Da-Cruz et al., 1996; Ribeiro-de-Jesus
t al., 1998), ADCL is definitively only a dermal disease, pre-
enting nodular skin lesions rich in amastigote forms of the
arasite disseminated all over the body; this suggests a spe-
ific failure of T-cell mechanisms in controlling the infection,
esulting in a very weak response to traditional antimony
reatment (Barral et al., 1995; Bonfim et al., 1996; Convit

t al., 1993; Petersen et al., 1982). Thus, when nasopharyn-
eal mucosal tissue compromise is associated with L. (L.)
mazonensis, it has only been found in rare cases of ADCL of
rolonged duration and presents almost complete absence
f T-cell response. Unlike L. (V.) braziliensis, which dissemi-

i
r
t

p
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ates through the bloodstream, L. (L.) amazonensis seems to
se a contiguous mechanism for disseminating from the skin
o the mucosal tissue. However, recent evidence indicates
hat, besides the specific immunomodulatory mechanism
f L. (V.) braziliensis antigen, a host genetic factor (IL-6-
74 G/C promoter polymorphism) may also influence MCL
athogenesis (Castellucci et al., 2007).

Between the central LCL form and the two extreme
athogenicity poles MCL and ADCL, an intermediate form
xists, known as borderline disseminated cutaneous leish-
aniasis (BDCL), which may be caused by either L. (V.)
raziliensis or L. (L.) amazonensis. However, even this
ondition presents certain differences that should be consid-
red: in BDCL caused by L. (V.) braziliensis, the process of
issemination is relatively rapid, requiring only 2—3 months
o produce around 100 ulcerated skin lesions; by contrast,
n BDCL caused by L. (L.) amazonensis, the dissemina-
ion process is slower, requiring 1—2 years to produce
round 5—10 infiltrated skin lesions. The term ‘borderline’
as introduced to characterize clinical evidence, namely

he incomplete T-cell immune suppression found in these
atients, principally in those infected by L. (L.) amazo-
ensis, who present greater T-cell response inhibition than
hose infected by L. (V.) braziliensis. Despite this, suffi-
ient observations have been reported to conclude that
-cell response functions well enough to facilitate recovery
n BDCL patients following successful treatment with two to
hree LCL-therapeutic antimony regimes (Carvalho et al.,
994; Costa et al., 1986; Silveira et al., 2004, 2005; Turetz
t al., 2002).

. T-cell immune suppression in human
eishmania (L.) amazonensis infection

or a relatively long period, ever since the initial evidence
nvolving T-cell immune suppression was found in L. (L.)
mazonensis LCL patients (Lainson et al., 1986), attempts to
mprove understanding regarding the mechanisms of action
f L. (L.) amazonensis have been made. For instance, initial
omparisons concentrated on the delayed-type hypersen-
itivity (DTH) reactions between LCL patients infected
y L. (V.) spp. [e.g. L. (V.) braziliensis] with individuals
nfected by L. (L.) amazonensis; the conclusion reached
escribed a higher prevalence rate (P < 0.05) of positive DTH
eactions in LCL L. (V.) braziliensis patients than in individ-
als infected by L. (L.) amazonensis (Silveira et al., 1991).
his then permitted researchers to speculate concerning the
ossibility that L. (L.) amazonensis proteins, such as heat-
hock protein 70 (hsp 70), might be partially suppressing
he T-cell response of L. (L.) amazonensis LCL patients.

Interestingly, similar results were also observed in
ebus apella monkeys (Primates: Cebidae) experimentally

nfected with L. (V.) braziliensis and L. (L.) amazonensis;
o positive DTH reaction was found in the five monkeys
noculated with L. (L.) amazonensis during the 4 month dis-
ase evolution period. By contrast, monkeys experimentally

nfected with L. (V.) braziliensis presented positive DTH-
eactions in all five cases for at least 2 or 3 months out of
he 7 month period of disease duration (Silveira et al., 1990).

Moreover, in a subsequent experiment using the lym-
hocyte proliferation assay for all clinical forms of ACL
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Figure 1 Immunocytochemistry analysis of dendritic Langerhans cell (LC) density in the cellular infiltrate of cutaneous lesions of
the following clinical—immunological spectrum of American cutaneous leishmaniasis (ACL) in Amazonian Brazil, consisting of the
anergic diffuse cutaneous leishmaniasis (ADCL) and borderline disseminated cutaneous leishmaniasis (BDCL), both due to Leish-
mania (L.) amazonensis and with the delayed-type hypersensitivity (DTH) negative(−); localized cutaneous leishmaniasis (LCL) due
to L. (L.) amazonensis with two groups, DTH− and DTH positive(+), and LCL due to L. (Viannia) braziliensis with DTH+. These
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clinical—immunological forms of ACL were preformed with five
L.a. = L. (L.) amazonensis; L.b. = L. (V.) braziliensis. For recogn
used (clone 010) (DAKO-Denmark) and the technical proceeding

caused by L. (V.) braziliensis and L. (L.) amazonensis, lower
prevalence rates (P < 0.05) for lymphocyte proliferation
reactions were determined for forms caused by L. (L.) ama-
zonensis (ADCLDTH−<BDCLDTH−<LCLDTH−<LCLDTH+) than those
caused by L. (V.) braziliensis (LCLDTH+>BDCLDTH−<MCLDTH+),
principally in cases of LCL and MCL (Silveira et al.,
1998).

These findings have encouraged the conclusion that
human L. (L.) amazonensis infection leads to a specific T-
cell immune suppression. In this way, it was also interesting
to show a progressive decrease of both CD4+ and CD8+ T-
cell profiles in the cellular infiltrate of cutaneous lesions
from the reactive (DTH+) LCL central form to the non-
reactive (DTH−) extremity forms, BDCL and ADCL, due to
L. (L.) amazonensis (ADCLDTH−<BDCLDTH−<LCLDTH+), confirm-
ing the ability of this parasite to suppress the T-cell immune
response (Silveira et al., 2004).

In the same instance, it was also evidenced by a
semi-quantitative reverse transcription PCR (RT-PCR) that
revealed that only L. (L.) amazonensis-infected patients

showed increased mRNA expression for IL-4 in biopsies of LCL
and ADCL cutaneous lesions, principally in ADCL, whereas
no expression was observed for this cytokine in biopsies
of any L. (V.) braziliensis LCL and MCL cases. This finding
strongly suggests that human L. (L.) amazonensis infection

c
L
n
a
M

ight patients; the ADCL and BDCL forms had five cases each.
of LC, the specific monoclonal antibody Anti-Human CD1a was
re as used by Xavier et al. (2005).

robably involves a high antigen-specific Th2-type immune
esponse activation at the draining lymph nodes, which
esults in a proliferation of T-cells primed to operate as Th2-
ype cytokine-producing cells, mainly IL-4, in the peripheral
lood and at the focus of cutaneous infection (Silveira et
l., 2004).

. General background on the dendritic
angerhans cell functions

endritic Langerhans cells (LCs) are the principal epider-
al dendritic antigen-presenting cells (APCs), MHCII+, which

omprise 1—3% of total epidermal cells and are derived from
ells originating in the bone marrow (Katz et al., 1979).
ore specifically, they are monocyte precursors that have
igrated to the skin and differentiated into these impor-

ant immune surveillance cells (Palucka and Banchereau,
006). They also represent a subset of dendritic cells (DCs)
haracterized by the presence of cytoplasmatic organelles

alled Birbeck granules, associated with Lag antigens and
angerin (CD207) (Valladeau et al., 2000). LCs are promi-
ent DCs in epithelia, but their role concerning immunity
nd tolerance remains poorly understood (Kissenpfennig and
alissen, 2006).
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Figure 2 Cellular density of dendritic Langerhans cell (LC;
CD1a+) and CD4 (CD4+) and CD8 (CD8+) T-lymphocytes in
the cellular infiltrate of cutaneous lesions of the following
clinical—immunological spectrum of American cutaneous leish-
maniasis (ACL) in Amazonian Brazil, consisting of the anergic
diffuse cutaneous leishmaniasis (ADCL) and borderline dissemi-
nated cutaneous leishmaniasis (BDCL), both due to Leishmania
(L.) amazonensis and with the delayed-type hypersensitiv-
ity (DTH) negative(−); localized cutaneous leishmaniasis (LCL)
due to L. (L.) amazonensis with two groups, DTH− and DTH
positive(+), and LCL due to L. (Viannia) braziliensis with DTH+.
The average values of the CD4+ and CD8+ T-cell profiles were
described previously (Silveira et al., 2004), and the average val-
ues of the LC densities were from the present study (Figure 1).
For recognition of T-cells and LC, the monoclonal antibodies
Anti-Human T cell CD45RO (clone OPD4), Anti-Human T cell CD8
Supressor/Cytotoxic (clone DK25) and Anti-Human CD1a (clone
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10) (DAKO-Denmark) were used, respectively. The technical
roceedings were as used by Silveira et al. (2004) and Xavier et
l. (2005).

LCs residing in steady-state tissues are found in an
mmature state, functioning primarily by monitoring the
nvironment for candidate danger signals and in capturing,
rocessing and transducing them. When a certain threshold
s reached, LCs become mature cells, acquiring the ability to
igrate from the epidermis to regional lymph nodes, where

hey are thought to initiate adaptive immune responses and
timulate T-cells (Girolomoni et al., 2002; Kaplan et al.,
005). DCs provide a direct link between innate and adap-
ive immunity, as well as controlling T-cell differentiation
nd polarization (Guermonprez et al., 2002).

. The role of the dendritic LC in ACL
mmunopathogenesis

ccording to the above considerations, the role of LCs
n ACL immunopathogenesis was recently examined by
omparing the epidermal density of LCs in the cutaneous
esions of LCL patients infected with L. (V.) braziliensis and
. (L.) amazonensis (Xavier et al., 2005). Surprisingly, the

ost interesting finding was that associated with the group

f L. (L.) amazonensis LCL patients presenting negative DTH
eactions, which showed a higher (P < 0.05) concentration
f LCs than that of two other groups: L. (L.) amazonensis
nd L. (V.) braziliensis LCL patients presenting positive

t
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TH reactions. Thus, considering the functional role of
pidermal LCs, known as crucial antigen-presenting cells
APCs), in stimulating an effective T-cell response (Moll,
993, Moll et al., 1995), this finding was then interpreted
s an attempt by non-reactive DTH L. (L.) amazonensis LCL
atients to increase the concentration of LCs at the cuta-
eous lesions, leading to improvements in the modulation
f T-cell response activation at the draining lymph nodes, as
he DTH mechanism of the T-cell response of these patients
ppeared to be abrogated (DTH reaction was absent).
owever, a prior study revealed similar profiles for LC
ensity in the skin lesions of LCL and ADCL patients infected
y L. (L.) mexicana, a parasite closely related to L. (L.)
mazonensis, indicating that even in an immune reactive
orm (LCL), the expression of LCs was similar to that found
nder immune suppression (ADCL) (Ritter et al., 1996). More
ecently, however, in a new comparison of LC density among
he clinical—immunological forms of ACL, a progressive
ncrease in LC density was shown from the reactive (DTH+)
CL— central form caused by L. (V.) braziliensis to the non-
eactive (DHT−) extremity forms, BDCL and ADCL, caused by
. (L.) amazonensis (ADCLDTH−>BDCLDTH−>LCLDTH−>LCLDTH+)
Figure 1). These new findings seem to indicate a strong
nd species-specific negative correlation between the
resent LC density and those previously found in CD4+
nd CD8+ T-cell profiles (Silveira et al., 2004) (Figure 2);
.e., along the clinical—immunological spectrum of ACL
inked to L. (L.) amazonensis, it is possible that LCs may
erform a pivotal role in the development of T-cell immune
uppression, from the non-reactive (DTH−) LCL patients
oward the more immune-suppressed (Th2-type immune
esponse activation) BDCL and ADCL cases.

. The dendritic LC in the
mmunopathogenesis of experimental
eishmaniasis

ollowing recent studies regarding the role of LCs in the
mmunopathogenesis of experimental leishmaniasis, it is
urrently believed that logical reasons were found that
ppear to confirm the observations associated with human
. (L.) amazonensis infection involving the induction of
pecific T-cell immune suppression (Lainson et al., 1986;
ilveira et al., 1991, 1998). According to these studies,
hich have provided new insight into the functions of
Cs in leishmaniasis, it was proposed that in BALB/c mice
xperimentally infected with L. (L.) major, the DCs capable
f stimulating antigen-specific T-cell proliferation were
angerin-negative (LCs are Langerin-positive), suggesting
hat dermal DCs are crucial to the initiation of a specific
-cell response (Ritter et al., 2004) and not LCs, as was pre-
iously postulated (Moll, 1993; Moll et al., 1995). Another
tudy also demonstrated that contact hypersensitivity was
ound to be exacerbated rather than abrogated in mice pre-
enting an absence of LCs (Kaplan et al., 2005), suggesting
hat few LCs at the leishmanial focus of infection may help

o develop a strong hypersensitivity reaction; by contrast,
t is possible that the high LC density in non-reactive (DTH−)
. (L.) amazonensis LCL patients, as well as in patients pre-
enting BDCL and ADCL forms, may explain their progressive
-cell immune suppression. In addition, it has also been



F
L
C
S
d

C

E

R

B

B

B

C

C

C

C

C

C

C

D

F

Langerhans cells in American cutaneous leishmaniasis

demonstrated that LCs were able to process and present
parasite antigens through the MHC class II receptor to CD4+
T-cells, which might then differentiate into regulatory
T-cells, suggesting that LCs could be responsible for the
suppression of inflammatory events against L. (L.) major
infection in vivo (Ritter and Osterloh, 2007). In conclusion,
these studies suggest that LCs may indeed represent a
Leishmania sp. evasion mechanism in order to avoid a T-cell
response and to induce immune suppression.

6. Concluding remarks

Taken together, these pieces of information seem to be
important for a clearer understanding of the T-cell immune
suppression found in human L. (L.) amazonensis infection,
which may reflect in negative DTH and lymphocyte prolif-
eration assays found in the majority of L. (L.) amazonensis
LCL patients and in those BDCL and ADCL presenting more
immune suppression. Thus, a progressive increase in LC den-
sity and a progressive decrease in CD4+ and CD8+ T-cell
profiles exist, justifying a well-defined and species-specific
negative correlation between LCs and CD4+/CD8+ T-cells
in the spectrum of ACL associated with L. (L.) amazonen-
sis. In addition, it is possible that some chemokines, such
as MCP-1 and MIP-1[�], which have been shown to be the
most effective mononuclear cell chemokines in LCL and
ADCL caused by L. (L.) mexicana (Ritter et al., 1996), may
also exert an attractant effect on the LCs in the clini-
cal spectrum of human L. (L.) amazonensis infection. This
might also explain the greater quantities of parasitized
macrophages in the cellular infiltrate of LCL skin lesions
by L. (L.) amazonensis than by L. (V.) braziliensis; a find-
ing also characteristic of skin lesions in BDCL and ADCL
patients (Silveira et al., 2004). Thus, recent data resulting
from either ACL patients or from experimental leishmani-
asis infection in mice, indicate that L. (L.) amazonensis
may use LCs to prime CD4+ T-cells to function as regula-
tory T-cells (CD4+CD25+ Treg cells) and then to suppress
the T-cell response; as shown by the DTH and lympho-
cyte proliferation assays (Ji et al., 2005). This mechanism
may also be important for explaining the evolution of some
early non-reactive (DTH−) L. (L.) amazonensis LCL cases
toward severe BDCL and ADCL, principally those cases that
were mistakenly treated for a relatively long period before
a definitive diagnosis of ACL (Silveira et al., 2005). In
such cases, it is possible that L. (L.) amazonensis may use
LCs as an evasive mechanism for conditioning a favorable
CD4+ Th2-type immune response activation to the parasite.
Moreover, corroborating this clinical observation, experi-
mental evidence exists confirming that early stages of L. (L.)
amazonensis infection in BALB/c mice may impair multi-
ple immune functions, leading to an antigen-specific T-cell
immune suppression (Ji et al., 2003). Lastly, using cultured
human monocyte-derived DCs, a recent report shows that
L. (L.) amazonensis may also impair the differentiation and
function of DCs to suppress T-cell response (Favali et al.,
2007).
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Abstract Since the first description of Leishmania (Viannia)
shawi, few studies were performed with this parasite. In
the present work, the in vivo and ex vivo behavior of
L. (Viannia) shawi infection was studied using murine
model. Peritoneal macrophages from BALB/c and C57BL/6
mice were infected with promastigotes in the stationary phase
of growth; after 24 h, the infection index and nitric oxide (NO)
levels in the supernatant of the cultures were analyzed.
BALB/c and C57BL/6 mice were infected into the hind
footpad, and at each 2 weeks, mice were sacrificed, and the
histological changes of the skin inoculation site, parasitism,
and humoral immune responses were evaluated during
8 weeks. Ex vivo experiments showed that macrophages of
BALB/c presented higher infection index and lesser NO
levels than macrophages of C57BL/6. In vivo experiments

showed that BALB/c presented higher lesion size than
C57BL/6 mice; similarly, the histopathological changes and
the parasitism in skin were more exacerbate in BALB/c
mice. In draining lymph nodes, the main change was
increase of germinative centers, and parasites were detected
from 6 weeks pi onwards in both mice strain. IgG was
detected in BALB/c mice from 4 weeks, while in C57BL/6,
from 6 weeks pi onwards. Taken together, these results
indicate that BALB/c showed a classical behavior of
susceptibility when compared to C57BL/6 mice.

Introduction

Leishmaniasis is a disease caused by parasites of the genus
Leishmania, which are capable to infect a broad range of
mammalian species, including humans. Up to now, there
are 27 species described in the World; among which, some
few studied and others recently characterized, such as
Leishmania (Viannia) shawi (Lainson et al. 1989), Leish-
mania (Viannia) naiffii (Lainson and Shaw 1989), Leish-
mania (Viannia) colombiensis (Kreutzer et al. 1991),
Leishmania (Viannia) lainsoni (Silveira et al. 1987), and
Leishmania (Viannia) lindenbergi (Silveira et al. 2002).

In the Amazon region of Brazil, L. (Viannia) shawi was
described and characterized by Lainson et al. (1989), who
isolated it from Cepus apella and Chiropotes satanas
monkeys, Choloepus didactylus sloth, edentate Bradypus
tridactylus, coatimundis Nasua nasua, and sandfly Lutzomyia
whitmany in the Serra dos Carajás, Pará State, Brazil. In these
animals, the parasite had different tissue tropisms: in the sloths,
it was found in the spleen and liver, and in the other reservoirs,
it was found limited to the skin; only in the hamster the parasite
caused a self-limited infection in the skin with moderate
densities of amastigote forms. This first report on L. (Viannia)
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shawi showed that it is capable of infecting a wide range of
animals and with tissue specificity regarding host species.

Two years afterwards, the same research group found
this species related to the human American Cutaneous
Leishmaniasis (ACL). In most cases, around 60%, the
disease was characterized by single ulcerated skin lesion,
although in some individuals, many lesions were recorded
in the body (Shaw et al. 1991). More recently, however, the
opinion is that L. (Viannia) shawi infection has increased in
its importance as an agent of ACL in the Brazilian Amazon
region, being surpassed only by Leishmania (Viannia)
braziliensis and Leishmania (Viannia) guyanensis (Silveira,
personal communication).

Despite these few studies, information regarding the
interaction between L. (Viannia) shawi and the host is
scarce. Therefore, the aims of this study was evaluate the
infectivity of L. (Viannia) shawi in macrophages from
BALB/c and C57BL/6 mice, as well as in vivo evaluating
the lesion size, histopathological changes, parasite density,
and humoral immune response to better understand the
events that take place in the course of infection, characterizing
the murine model for L. (Viannia) shawi infection.

Materials and methods

Parasites

L. (Viannia) shawi (MHOM/BR/96/M15789 strain) was
isolated from a patient with cutaneous leishmaniasis in the
Buriticupu County, Maranhão State, Brazil. It was classified
by monoclonal antibodies and isoenzymes at the Evandro
Chagas Institute, Belém, Pará State, Brazil. The parasites
maintained in BALB/c mice footpad were isolated and
expanded in RPMI-1640 medium, supplemented with
10% heat-inactivated serum, 0.25 mM 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES), 10 mg/ml genta-
micin, and 100 IU/ml penicillin and maintained at 25°C. On
the sixth day of culture, the promastigote forms were washed
three times with phosphate buffer (PBS) pH7.4, centrifuged
at 1,200 g, 10 min, 4°C, for mice infection and production of
soluble antigen.

Antigen production

Stationary phase promastigotes were harvested from 5 to
6 days of culture and washed three times in cold PBS,
resuspended in sterile distillated water, subjected to frozen
in liquid nitrogen, and thawed at room temperature three
times, and the solution was centrifuged at 10,000 g for
30 min. The supernatant was collected, and protein
concentration was determined using a commercial kit
(Biorad, USA). Aliquots were stored at −80°C.

Experimental animals

Eight-week-old BALB/c and C57BL/6 male mice obtained
from the Animal Facility of the São Paulo University,
Medical School Brazil were maintained in our laboratory
during the experiments according to the guidelines of the
institutional rules regarding the welfare of experimental
animals and with the approval of the Animal Ethics
Committee of São Paulo University.

Ex vivo experiments: macrophage infection
and NO quantification

Approximately 105 BALB/c and C57BL/6 mice peritoneal
macrophages were placed in a 24-well plate in RPMI
medium. L. (Viannia) shawi promastigotes in a stationary
phase of culture growth were added to the macrophage
monolayers at a ratio of 5 parasites to 1 macrophage, and
the culture was incubated at 5% CO2 at 35°C. After 24 h,
the plate was centrifuged (1,000 g, 10 min, 4°C), and
supernatants were collected and stored at −80°C for nitric
oxide (NO) quantification, according to Green et al. 1990.
The NO levels were estimated using standard curve
constituted of nitrite. The slides were dried at room
temperature, fixed in methanol, and stained by Giemsa.
The infection index was determinate in both macrophages
from BALB/c and C57BL/6 mice.

BALB/c and C57BL/6 mice infection

Stationary phase promastigote forms were washed three
times in PBS, and the parasites concentration was adjusted
to 2×107 promastigotes/ml. Fifty microliters was injected
subcutaneously into the hind footpads of the mice (around
106 promastigotes/mouse), and only PBS was injected in
control animals. The lesion size was measured weekly with
a dial micrometer and expressed as the difference in size
between the infected and the contralateral uninfected
footpad. At 2, 4, 6, and 8 weeks post-infection (pi), one
group of five infected mice of both mouse strains were
bled, and the sera were collected and stored at −80°C.
Biopsies of the skin inoculation site and lymph nodes were
collected and fixed in buffered 5% formalin for histopath-
ological studies and quantification of amastigote forms.
Imprints of spleen and liver were performed to evaluate the
viscera parasitism. The experiment was performed three
times.

Evaluation of histopathological changes and quantitative
morphometric analysis

The histological changes were evaluated through routine
histological HE-staining of 5 μm sections under the light
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microscope and were further graded as negative, light,
moderate, and intense, according to Giunchetti et al. (2008).
The parasitism in skin and lymph nodes of BALB/c and
C57BL/6 mice was evaluated using quantitative morpho-
metric analysis in sections labeled by immunohistochemistry
to evidence the amastigote forms, according to Passero et al.
(2008).

Evaluation of the humoral immune response

The humoral immune response was measured by enzyme-
linked immunosorbent assay (ELISA). High-binding plates
(Costar, USA) were coated with 1µg/well soluble antigen
from L. (Viannia) shawi promastigote, overnight at 4°C.
Plates were blocked with 10% of non-fat milk in PBS for
2 h at 37°C to prevent nonspecific binding. Sera of all
animal groups (1:50) were added for 1 h at 37°C. Goat anti-
mouse IgG monoclonal antibody conjugated with alkaline
phosphatase (Sigma, USA) in a dilution of 1:1,000 was
added for 1 h, 37°C. The substrate p-nitrophenyl phosphate
(1.0 mg/ml) was added for 30 min, and the absorbance was
read in ELISA reader (Uniscience, USA).

Statistical analysis

The results were expressed as mean±standard deviation of
three independent experiments, and the non-parametric test
of Mann–Whitney was employed to compare infection
index, NO levels, lesion size, parasite density, and humoral
immune response between BALB/c and C57BL/6 mice.
Differences were considered statistically significant when
p<0.05. Statistical analysis were performed using Biostat
5.0 software, using N=3.

Results

Macrophage infection index and NO levels

Macrophages from BALB/c mice presented higher infection
index than those from C57BL/6 with statistical significance
(p<0.05). Moreover, macrophages from BALB/c mice
showed tendency to present diminished levels of NO levels
compared to macrophages from C57BL/6; however, no
statistical significance was observed (Fig. 1). Uninfected
macrophages showed no expressive NO levels (data not
shown).

Lesion size

The infection caused by L. (Viannia) shawi induced an
increase in the hind footpad swelling in BALB/c and
C57BL/6 mice. The lesion size showed no significant

differences at 1, 2, and 3 weeks pi between both mice, but
from 4 weeks pi, the lesion size became significantly higher
in BALB/c mice (p<0.05) compared with C57BL/6 mice
(Fig. 2), and at 8 weeks pi, the footpad of BALB/c and
C57BL/6 mice increased 2.1 and 1.6 times in relation to
both healthy mice, respectively.

Histopathological changes in the skin

Microscopically, a discrete inflammatory infiltrate in the
dermis, consisting of moderated densities of polymorpho-
nuclear, mononuclear cells, and light densities of amastigote
forms inside the macrophages (Figs. 3a and 5a) was observed
in BALB/c mice at 2 weeks pi. At 4 weeks pi, the
inflammatory infiltrate enlarged, showing moderate densities
of polymorphonuclear cells, high densities of infected

Fig. 1 Peritoneal macrophages from BALB/c and C57BL/6 mice
were isolated and infected with a rate of five promastigote/one
macrophages. After 24 h, the production of nitric oxide levels from
both mice macrophages were quantified, and the infection index was
calculated. *p<0.05 indicates statistical significance between infection
index of macrophages from C57BL/6 with macrophage from BALB/c
mice

Fig. 2 Evolution of footpad swelling in BALB/c and C57BL/6 mice
infected with 106 promastigotes/animal. Cross: p<0.05 indicates
statistical significance between BALB/c and C57BL/6 infected mice
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mononuclear cell, and moderated density of amastigote
forms (Figs. 3b and 5a). A highly inflammatory infiltrate
diffusely distributed in the dermis with light densities of
lymphocyte, plasma cells, and highly infected macrophages
was observed at 6 weeks pi. Moreover, a moderate presence
of polymorphonuclear cells and focal necrosis areas (Figs. 3c
and 5a) was also verified. At 8 weeks pi, an intense and
diffuse inflammatory infiltrate in the dermis, with light
densities of polymorphonuclear and plasma cells, moderate
densities of lymphocytes, and intense density of heavily
infected macrophages, was observed. The necrosis was
considered moderate (Figs. 3d and 5a). The number of
amastigote forms in the parasite inoculation site of BALB/c
mice increased significantly with the time of the infection
(p<0.05).

Concerning to C57BL/6 mice, they also showed inflam-
matory changes in the skin, but in lesser degree. A light
focal inflammatory infiltrate characterized by reduced
densities of polymorphonuclear and mononuclear cells
and light amounts of amastigote forms (Figs. 4a and 5a)
were observed at 2 weeks pi. At 4 weeks pi, the
inflammatory infiltrate was also light but spread through
the dermis; it was characterized by the presence of a
moderate density of polymorphonuclear and mononuclear
cells, light density of lymphocytes, and amastigote forms
(Figs. 4b, a). A moderate inflammatory infiltrate with a
diffuse distribution, moderate presence of polymorphonuclear

and mononuclear cells, light densities of lymphocyte, and
moderate densities of amastigote forms (Figs. 4c, a) were
observed in the dermis at 6 weeks pi. An intense and diffuse
inflammatory infiltrate represented by intensely parasitized
macrophages (Fig. 4a), moderate densities of lymphocytes,
and few polymorphonuclear cells, was observed in the
dermis at 8 weeks pi, additionally, a light area of necrosis
was also found (Fig. 4d).

Comparatively, BALB/c mice showed higher amastigote
densities than C57BL/6 mice (p<0.05). The densities of
amastigote forms at 4, 6, and 8 weeks pi in C57BL/6 mice
increased in relation to 2 weeks pi with statistical
significance (p<0.05), reinforcing the tendency of disease
progression in this mice.

The lymph nodes of both mice strains showed prominent
germinative centers in lymphoid follicles, which were
mostly pronounced in BALB/c mice. The amastigote forms
were detected at 6 and 8 weeks pi, and their localization
and densities were similar in both mouse strains (Fig. 5b).
The spleen and liver of both mouse strains showed no
histological changes, and parasites were not found.

Humoral immune response

BALB/c mice infected with L. (Viannia) shawi presented
detectable anti-Leishmania IgG from 2 weeks pi onward
compared to uninfected BALB/c mice (p<0.05), while in

Fig. 3 Histopathology of the skin lesion produced in BALB/c mice by Leishmania (Viannia) shawi. a Two weeks pi (×200), (b) 4 weeks pi
(×200), c 6 weeks pi (×200), and d 8 weeks pi (×200); details are immunohistochemistry reactions showing amastigote forms (×400)
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C57BL/6 mice, it was detected only at 6 and 8 weeks pi
compared to uninfected C57BL/6 mice (p<0.05). More-
over, the IgG levels were higher in BALB/c than C57BL/6
mice (p<0.05; Fig. 6).

Discussion

Studies on experimental models can help in the improvement
of new approaches in drugs and vaccines studies. In the case
of L. (Viannia) shawi parasites, information regarding their
infectious evolution in ex vivo and in vivo is missing.

Studies in vitro or ex vivo have been useful in the
understanding of some biological processes in the interaction
of Leishmania sp. with host cells. The results showed that
L. (Viannia) shawi infection induced higher infection index
in macrophages of BALB/c than C57BL/6 mice, indicating
that BALB/c mice presented high susceptibility to the
parasite infection. On other hand, C57BL/6 mice were not
capable of full elimination of intracellular amastigotes,
demonstrating that they also present intermediate suscepti-
bility to infection. In vitro studies demonstrated the essential
role of NO in elimination of intracellular amastigotes (Liew
et al. 1990a; Campos et al. 2008) and possibly, due to low
levels of NO molecule in both macrophages from BALB/c
and C57BL/6 mice, the infection could not be eliminated.

However, other mechanisms associated to parasite elimina-
tion, such as hydrogen peroxide (Das et al. 2001), superoxide
(Gantt et al. 2001), and hydroxyl radicals (Barr and
Gedamu 2003) may be associated to lesser infection index
observed in macrophages from C57BL/6 mice, but they
were not sufficient for eliminate amastigotes within
C57BL/6 macrophages.

Similarly, in vivo studies demonstrated that BALB/c
suffered higher disease progression than C57BL/6 mice. In
infected BALB/c mice, high lesion size was verified,
associated to intense inflammatory reaction in dermis and
high number of macrophages highly parasitized. C57BL/6
mice also presented increase in the footpad swelling with
the presence of inflammatory cells and amastigote forms
within macrophages, however, with low degree compared
to BALB/c mice. These characteristics indicate that BALB/c
and C57BL/6 mice were permissible to the infection caused
by L. (Viannia) shawi; however, some immunological
characteristic may be associated to lesser pathology and
parasitism in C57BL/6 mice. In Leishmania major, infection
is well defined that BALB/c presents a clear susceptible
profile, while C57BL/6 mice present a resistant profile
(Reiner and Locksley 1995). However, in New World
leishmaniasis, this pattern cannot be the same, since
Leishmania mexicana generated progressive disease and
metastatic lesion in BALB/c mice, while C57BL/6 mice

Fig. 4 Histopathology of the skin lesion produced in C57BL/6 mice by Leishmania (Viannia) shawi. a Two weeks pi (×200), b 4 weeks pi
(×200), c 6 weeks pi (×200), and d 8 weeks pi (×200); details are immunohistochemistry reactions showing amastigote forms
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developed measurable lesions in low levels, but they fail to
heal for entire experimental time (Aguilar Torrentera et al.
2002). Studies conducted by Abreu-Silva et al. (2004) and
Maioli et al. (2004) also demonstrated similar profile in both
BALB/c and C57BL/6 infected with Leishmania amazonensis.

Moreover, in the dermis of both mice, the growing
densities of amastigote forms inside macrophages indicate
low capacity of effector cells, such as lymphocytes, to
activate macrophages for kill amastigote forms (Liew et al.
1990b). Moreover, the presence of neutrophil and plasma
cells observed in BALB/c mice skin may be associated to
increasing susceptibility to infection, once these cells could
be coupling to the progression of cutaneous lesions in
experimental leishmaniasis (Wanasen et al. 2008; Tacchini-
Cottier et al. 2000). Qualitative analysis showed light
densities of lymphocytes in the dermis of C57BL/6 mice,

at late stages of infection, indicating that lesser number of
amastigote forms may be a direct consequence of lympho-
cytes presence into the site of infection. Necrosis areas were
higher in BALB/c mice than in C57BL/6 mice and appear
at early phase of infection. It could have a pathogenic role
in leishmaniasis, since de Moura et al. (2005) found high
lesion size associated with necrosis into ear dermis in
susceptible mice infected with Leishmania braziliensis.

Into the draining lymph nodes close to skin infection
site, the immune response against Leishmania sp. is
developed. In L. shawi infection, the main histological
finding in popliteal lymph nodes was increasing in the
germinative center, which was higher in BALB/c than
C57BL/6 mice (data not shown). Moreover, IgG antibodies
were detected early in BALB/c mice; however, C57BL/6
mice also presented detectable IgG antibodies but in lesser
levels and in later stages. Classically, high levels of total
IgG antibodies have been associated to disease progression,
indicating that both mice strain were in the direction of the
disease establishment, but in BALB/c mice, high levels of
IgG indicated a fast disease progression compared to
C57BL/6 mice.

The characterization of biological behavior of new
Leishmania species in experimental models can help in
the understanding of basic events associated to pathological
process. Moreover, experimental models of infection can be
useful in the development of novel molecules with
pharmacological interest as well as promising vaccine
candidates. Studies with L. (Viannia) shawi demonstrated
its potential to infect both BALB/c and C57BL/6 mice,
where BALB/c mice presented classical signs of suscepti-
bility, therefore, this mice strain could be an interesting
target for further studies on host-parasite interplay for

Fig. 6 Humoral response in BALB/c and C57BL/6 mice infected
with Leishmania (Viannia) shawi. (a) anti-Leishmania IgG. single and
double asterisks p<0.05 indicates statistical significance comparing
IgG levels of infected BALB/c and C57BL/6, respectively, with mice
at 2 weeks pi; cross: p<0.05 indicates statistical significance
comparing IgG levels of infected BALB/c mice with C57BL/6 mice

Fig. 5 Parasite density in skin (a) and lymph nodes (b) of BALB/c
and C57BL/6 mice evaluated by image analysis system (AxioVison
5.0) in paraffin section stained by immunohistochemistry reaction.
Each value represents the mean±standard deviation of amastigote/
mm2 of tissue of at least ten microscopy field. single and double
asterisks p<0.05 indicates statistical significance comparing amasti-
gote densities of BALB/c and C57BL/6 mice with those from of
2 weeks pi, respectively; cross: p<0.05 indicates statistical signifi-
cance comparing amastigote densities of C57BL/6 with amastigote
densities of BALB/c mice
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understanding of immunopathogenesis of American
Tegumentar Leishmaniasis, caused by this parasite species.
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Leishmania (Viannia) shawi was recently characterized and few studies concerning modifications in cellular
and humoral immune responses in experimental leishmaniasis have been conducted. In this work,
immunopathological changes induced by L. shawi in chronically infected BALB/c mice were investigated.
Infected BALB/c mice developed increased lesion size associated with strong inflammatory infiltrate diffusely
distributed in the dermis, with highly infected macrophages. The humoral immune response was
predominantly directed toward the IgG1 isotype. The functional activity of CD4+ and CD8+ T cells showed
significantly increased TNF-αmRNA levels associated with reduced IFN-γ expression by CD4+ T cells and the
double negative (dn) CD4CD8 cell subset. High IL-4 levels expressed by CD8+ T cells and dnCD4CD8 and
TGF-β by CD4+ and CD8+ T cells were detected, while IL-10 was highly expressed by all three cell
subpopulations. Taken together, these results show an evident imbalance between TNF-α and IFN-γ that is
unfavorable to amastigote replication control. Furthermore, L. shawi seems to regulate different cell
populations to express deactivating cytokines to avoid its own destruction. This study indicates BALB/c mice
as a potentially good experimental model for further studies on American cutaneous leishmaniosis caused by
L. shawi.
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1. Introduction

American tegumentary leishmaniasis (ATL) is a zoonotic disease
caused by L. (Leishmania) amazonensis, L. (Viannia) braziliensis, L. (V.)
guyanensis, L. (V.) shawi, L. (V.) lainsoni, L. (V.) naiffi and L. (V.) linder-
begi parasites [1] that are transmitted through sandfly bites. In humans,
ATL can develop into cutaneous (ACL) or mucosal (AML) lesions [2].

The abundant experimental studies of cutaneous leishmaniasis
involving L. (L.)major permitted a more comprehensive picture of the
clinical, pathological, physiological and immunological aspects of the
disease [3]. The work conducted on experimental animal models has
furthered our understanding of the immune responses associated
with resistance and susceptibility to infection. Resistance is related to
the predomination of CD4+ Th1 and CD8+ Tc1 cell populations, which
are responsible for the activation of macrophages to kill intracellular
parasites and/or to lyse the infected cells through a complex network
of cytokines. In contrast, susceptibility is related to CD4+ Th2 type
cells and the production of interleukin (IL)-4, IL-5 and IL-13 [4]. In
human cutaneous leishmaniasis, the Th1/Th2 paradigm has been used
in prognosis to predict the development of resistance or progression
of the disease. Ajdary et al. (2000) [5] observed high levels of IL-4 and
low amounts of IFN-γ in active lesions. On the other hand, high levels
of IFN-γ were detected in PBMC from patients with healing lesions.
Similar results have been reported by Louzir et al. (1998) [6] in
cutaneous lesions of patients infected with L. major. However, the
pathological and immunological characteristics displayed by Old
World species of Leishmania can be profoundly different from those
elicited by New World parasites.

BALB/c mice have a recognized high susceptibility to L. major,
while C57BL/6 is resistant to infection. In these mice strains, L.
braziliensis induces diminished footpad swelling and cure of the
lesions is achieved in a few weeks [7], whereas L. amazonensis is able
to infect and cause severe and progressive pathology [9]. Furthermore,
Rocha et al. (2007) [8] identified differences between the cytokine
profile, signaling pathways and effector molecules in the clinical
course of L. major and L. braziliensis, showing that the requirements
for the control of cutaneous leishmaniasis differ significantly within
Leishmania species.

Therefore, experimental studies with Leishmania species from the
NewWorld may elicit important insights into the immunopathological
mechanisms of ATL.
une response in the murine model of Leishmania
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L. shawiwas characterized in the Amazon region in 1989 by Laison
et al. (1989) [10]. In 1991 Shaw et al. [11] demonstrated the
importance of this species as an agent of cutaneous leishmaniasis in
the Amazon region and described the pattern of lesions generated
ranging from single to multiple ulcers. However, in the Atlantic
rainforest region of northeastern Brazil (Pernambuco state) five
human isolates were recently identified, by multilocus enzyme
electrophoresis, as L. shawi [12]. The above considerations suggest
that L. shawi may have a non-negligible importance in the epidemi-
ology of ATL, which could be confirmed in a near future. Therefore, the
present work aims to study the histopathological alterations, parasite
load, humoral and cellular immune responses in mice chronically
infected with L. shawi.

2. Materials and methods

2.1. Experimental animals

Eight week-oldmale BALB/cmice were purchased from theMedical
School of São Paulo University and maintained according to the
guidelines of institutional rules regarding the welfare of experimental
animals, with the approval of the Animal Ethics Committee of São Paulo
University. Groups of 12 mice each were divided into control and
infected mice.

2.2. Parasites

L. shawi (MHOM/BR/96/M15789) parasites were isolated from a
patient with cutaneous leishmaniasis in Buriticupu County, Maranhão
State, Brazil and identified by monoclonal antibodies and multilocus
enzyme electrophoresis at the Evandro Chagas Institute (Belém, Pará
State, Brazil). The parasites maintained in BALB/c mice footpad were
isolated and grown in RPMI-1640 medium (Gibco Invitrogen, USA)
supplemented with 10% heat-inactivated FCS, 0.25 mM HEPES, 10 mg/
ml gentamicin and 100 IU/ml penicillin and incubated at 25 °C. On day
6 of culture, promastigote forms were centrifuged (1200 g for 10 min)
with phosphate buffer saline solution (PBS, pH 7.4) and used for mice
infection and production of leishmania soluble antigen.

2.3. Infection, lesion size and parasite load

Mice were intradermally injected in the hind footpads with 1×106

parasite/mouse. Control mice were injected with PBS. The lesion size
was measured weekly with a dial micrometer and expressed as the
difference in size between the infected and the contralateral
uninfected footpad. At 5 weeks post infection, mice were bled by
cardiac punction and biopsies of skin and popliteal lymph nodes were
collected. Sera were collected and stored at −80 °C to study the
humoral immune response. The biopsies were used for histopatho-
logical examination and estimation of parasite load by limiting
dilution assay according to Rodrigues et al. [13]. Moreover, RNA
isolated from CD4+ and CD8+ T cells and double negative (dn)
CD4CD8 cells purified from popliteal lymph nodes of infected and
control mice were used to assay the ex vivo cellular immune response.
The experiment was repeated three times.

2.4. Evaluation of histopathological changes in skin and lymph nodes

Histological modifications were evaluated by routine histological
hematoxylin and eosin (HE) staining of 5 μm sections of skin under a
light microscope. Histopathological alterations were further graded as
negative, light, moderate and intense, according to Giunchetti et al.
[14]. Slides from skin and lymph nodes were labeled by immunohis-
tochemistry to reveal amastigote forms inside macrophages, accord-
ing to Passero et al. (2008) [15].
Please cite this article as: Passero LFD, et al, Histopathology, humoral
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2.5. Humoral immune response

The humoral immune response was evaluated by enzyme-linked
immunosorbent assay (ELISA). High-binding plates (Costar, USA)
were coated with 1 µg/well of L. shawi soluble antigen overnight at
4 °C. Next the plates were blockedwith 10% of non-fatmilk in PBS (2 h
at 35 °C) to prevent nonspecific binding. Mouse sera (1:100) were
added and the plates were incubated for 1 h at 35 °C. Biotinylated goat
anti-mouse IgG1, IgG2a, IgG2b and IgG3 (Biorad, USA) (1:1000) were
used for 1 h at 35 °C. After washing, streptavidin conjugated with
peroxidase was added to each well for 1 h at 35 °C. After 3 washes,
orthophenylenediamine (OPD) (1.0 mg/ml) plus 0.2% hydrogen
peroxide (20 volumes) were placed into the wells and the plates
were incubated for 8 min. The reaction was stopped with 50 µl of 4 N
sulfuric acid and the plates were read at 492 nm in an ELISA Reader
(Unisciences, USA). Sera from healthy and L. shawi chronically
infected mice were also used as negative and positive controls,
respectively. PBS with 0.05% Tween 20 was used in all washing steps.

2.6. CD4+ and CD8+ T cell isolation

CD4+ and CD8+ T cells and dnCD4CD8 cells were purified from
lymph nodes of infected and uninfected BALB/c mice using the CD4+

and CD8+ (L3T4) microbeads on a MidiMACS system (Miltenyi Biotec,
Germany). The lymph nodes were homogenized in RPMI 1640 and cell
numbers were counted and adjusted to 107cells/90 µl of elution buffer
[PBS+0.5% bovine serum albumin (BSA, Boehringer, Germany)] with
10 µl of anti-mouse CD4 and CD8 microbeads. After 20 min of
incubation, cells were washed (300 g, 10 min, 4 °C), resuspended in
500 µl of elution buffer and applied to a LS column on a magnetic
separator (MACS Separator, Miltenyi Biotec), followed by 3 washes
(500 µl/each) with elution buffer. dnCD4CD8 cells unbound to CD4 or
CD8 microbeads were also collected. CD4+ and CD8+ T cells were
isolated by positive selection and dnCD4CD8 cells by negative selection.
After the wash steps, the column was removed from the magnetic
separator and CD4+ (purity of 94.1%) or CD8+ T cells (purity of 91.7%)
were eluted. RNA was extracted from 1×107 CD4+ T and dnCD4CD8
cells and from 2×106 CD8+ T cells.

2.7. RNA extraction, cDNA synthesis and real-time PCR

Total RNA was extracted using the RNeasy Mini kit (Qiagen,
Germany) according to the manufacturer's recommendations. The
extraction procedure included a DNase treatment using RNase Free-
DNase Set Protocol (Qiagen) to prevent DNA contamination. Target
RNA was reverse transcribed into cDNA using 200UM-MLVRT (Life
technologies, Gibco BRL, USA), at 37 °C for 60 min in the presence of
3 mM 5× M-MLV RT buffer (250 mM Tris–HCl, pH 8.3, 375 mM KCl
and 15 mM MgCl2), 10 mM BSA, 1 mM dNTPs (Gibco BRL), 40 U
rRNAsin ribonuclease inhibitor and 10× Oligo (dT)15 (Promega, USA).
The samples were then heated for 10 min at 95 °C for RT inactivation
and cooled to 4 °C.

Quantitative real-time PCR was performed in the ABI GeneAmp
5700-sequence detection system (Perkin-Elmer/Applied Biosystems,
USA). Reaction conditions were powered on a Pentium III Dell Opti
Plex GX110 linked directly to the sequence detector. PCR amplifica-
tions were performed by using SYBR® Green as a double-strand DNA-
specific binding dye with continuous fluorescence monitorization.
Amplification was performed in a total volume of 20 µl containing 2 µl
of cDNA sample, 10 µl of 2× SYBR® Green I dye PCR Master Mix
[(AmpliTaq Gold® DNA polymerase, dNTP mix with dUTP, passive
reference I and optimized buffer components) (Perkin-Elmer/Applied
Biosystems)] and primers for IFN-γ, IL-10, TNF-α, IL-4 and TGF-β as
described by Rosa et al. (2005) [16] and Rodrigues et al. (2006) [17].
PCR amplification was performed in triplicate wells using the
following conditions: 10 min at 95 °C for AmpliTaq Gold activation
and cellular immune response in the murine model of Leishmania
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followed by a total of 40 cycles (thermal profile for each cycle: 15 s at
95 °C, 1 min at 60 °C). To quantify the cytokine expression, cDNA
plasmid standards for each cytokine and HPRT [16] were used to
construct a standard curve in each PCR run.

2.8. Statistical analysis

The results are expressed as mean±standard deviation of three
independent experiments and the nonparametric Mann–Whitney U
test was used to compare lesion size between acute and chronic
phases of infected BALB/c mice and levels of immunoglobulin and
cytokines between infected and control mice. A 5% significance level
(pb0.05) was adopted to determine statistical differences. Statistical
analysis was performed with the SPSS 13.0 for Windows software
(SPSS Inc. USA).

3. Results

3.1. Lesion size and parasite load

Lesion size revealed progressive growth according to the time of
infection. Significant size increases were observed from week 3 post
infection (pi) until the end of the observation period (pweek 3pi=
0.0381, pweek 4pi=0.0021, pweek 5pi=0.0014), corresponding to the
chronic phase of infection, compared to the first week of infection
(acute phase of infection). At week 5 pi, lesion size achieved 1.1 mmof
footpad swelling (Fig. 1A) and parasite load was 2.6×104 promasti-
gote/g of skin (Fig. 1B). The parasite was not detected in lymph nodes
of infected BALB/c mice.

3.2. Histopathological alterations in skin and lymph nodes and humoral
immune response

After 5 weeks of infection, an intense inflammatory infiltrate
diffusely distributed in the dermis associated with highly infected
macrophages (Fig. 2A, B and D), light densities of lymphocytes and
plasma cells, andmoderate levels of polymorphonuclear cells (Fig. 2C)
surrounding focal necrotic areas in skin biopsies was verified.

Lymph nodes of infected mice showed the activation of germinal
centers from lymphoid follicles (data not showed). In tissue sections
stained with HE or labeled by immunohistochemistry, amastigote
forms were not detected and viable promastigotes were not observed
in limiting dilution assay.
Fig. 1. BALB/c mice were infected in the right footpad and once a week for 5 consecutive
weeks the size of the lesion was measured (A). At week 5 pi, BALB/c mice were
sacrificed and fragments of skin were collected to assess parasite load by limiting
dilution assay (B). The results are expressed as means±standard deviation of three
independent experiments. *(pb0.05) indicates statistically significant differences
compared to lesion size in the first week of infection.
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At week 5 pi, infectedmice presented a significant increase in anti-
leishmania IgG1 antibodies (pb0.0081). The levels of IgG2a and IgG2b
isotypes were similar to healthy mice (Fig. 3) and the IgG3 isotype
was not detected in either group.

3.3. Profile of cytokine expression in cell subsets

CD4+ T (Fig. 4A) and dnCD4CD8 (Fig. 4B) cells from infected mice
expressed low levels of IFN-γ mRNA (pCD4+=0.0294; pdnCD4CD8=
0.0256), however CD8+ T cells presented similar IFN-γ levels in both
groups. TNF-α expression was increased in CD4+ (p=0.0143) and
CD8+ T cells (p=0.0023), but dnCD4CD8 cells showed few copies of
TNF-αmRNA (p=0.0345). CD4+ T cells from infectedmice presented
diminished IL-4 expression (p=0.0212), while CD8+ (p=0.0145)
and dnCD4CD8 cells (p=0.0286) revealed high levels compared to
control mice.

CD4+ (Fig. 5A) and CD8+ T cells (Fig. 5B) and dnCD4CD8 cells
(Fig. 5C) of infected mice showed high IL-10 expression (pCD4+=
0.0056; pCD8+=0.0401; pdnCD4CD8=0.0001); moreover, both CD4+

(p=0.0129) and CD8+ T cells (p=0.0002) showed high accumulation
of TGF-β mRNA, whereas dnCD4CD8 cells revealed levels of TGF-β
expression similar to control mice.

4. Discussion

Both Old and New World Leishmania species can cause tegumen-
tary leishmaniasis, but the majority of the known mechanisms
capable of generating susceptibility and resistance have been
deciphered in experimental models of L. major. However, different
strategies can be elicited by New World Leishmania species in the
development of the lesion after a successful infection process. Until
now, no studies have been conducted that investigated the histo-
pathological alterations, anti-leishmanial antibodies and the balance
of cytokine expression elicited in different cell subpopulations by
murine L. shawi infection.

In human ATL, the healing process of cutaneous lesions caused by
L. braziliensis is strongly related to high densities of T cells, activated
macrophages and fibrosis [18]. In BALB/c mice a similar histopatho-
logical pattern is reproduced, despite the spontaneous cure of the
lesions [19]. The present results revealed that in experimental
infection by L. shawi, the increase of footpad swelling is a consequence
of a strong skin inflammation, characterized by an infiltrate of
mononuclear cells associated to a high density of infected macro-
phages and moderate densities of neutrophils surrounding the
necrotic zone. In fact, the increased levels of viable parasites observed
in skin after five weeks of infection indicates that BALB/c mice are
unable to control the replication of L. shawi amastigotes, leading to
the development of extensive inflammation in the absence of fibrosis.
Previous studies reported that in human and experimental infections
caused by L. amazonensis there was high density of heavily parasitized
macrophages in the presence of lymphocytes, polymorphonuclear
and plasma cells [20–23]. Studies conducted with L. braziliensis
experimental infections also confirm the involvement of these cells in
the pathogenesis of ATL [20,21,24,25]. Moreover de Moura and
collaborators demonstrated that the expansion of neutrophil popu-
lation is associated to a strong inflammatory process and necrosis
[26]. These cells have also been associated to a negative prognostic in
human infections, since high neutrophil densities are correlated with
increased amastigote levels and the amount of specific drug required
to cure the lesions [27]. In a similar way the presence of heavily
parasitized macrophages associated to polymorphonuclear, plasma
cells and necrosis in L. shawi infected BALB/c mice are a consequence
of the pathogenicity of this parasite.

Th1 immune response is characterized by a set of proinflammatory
cytokines with strong potential to eliminate intracellular pathogens.
The main Th1 cytokine is IFN-γ, which is capable of activating
and cellular immune response in the murine model of Leishmania
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Fig. 2. In the skin, the inflammatory infiltrate mainly consisted of infected macrophages (A, B and D) andmoderate densities of polymorphonuclear cells (C). Immunohistochemistry
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macrophages. Therefore, the decrease of IFN-γ by CD4+ T cells inmice
infected with L. shawi may be related to deactivation of effector cells,
favoring parasite survival. IL-4 has a role in the development of a Th2
subpopulation and in the inhibition of Th1 cytokines. However, in
infection by L. shawi, the expression of IL-4 by CD4+ T cells was
inhibited. Taken together, these results indicate that the parasite
negatively regulates the expression of both Th1 and Th2 cytokines.
This profile of low IL-4, also verified in human cutaneous leishma-
niosis generated by L. braziliensis [28,29] and in murine cutaneous
Fig. 3. Levels of anti-leishmania IgG antibodies at week 5 pi. The results are expressed as
means±standard deviation of three independent experiments. *(pb0.05) indicates
statistically significant differences compared to healthy mice.
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leishmaniosis caused by L. amazonensis [30], can be a common feature
of certain strains of Leishmania sp. from the NewWorld. Other studies
disregard the effect of IL-4 in the generation of susceptibility to L.
amazonensis in C3H mice and to L. panamensis and L. mexicana in
BALB/c mice [31,32]. In fact the low levels of IL-4 and IFN-γ, observed
in L. shawi infected mice, could be a direct consequence of the
overexpression of deactivating cytokines, such as IL-10 and TGF-β.
These cytokines are associated to the immunosuppressor activity of
regulatory T cells and Th3 immune response, respectively, and to
downregulation of class I and II molecules of major histocompatibility
complex and co-stimulatory molecules [33]. These cytokines, which
have a key role in the modulation of immunological homeostasis
reducing extensive inflammatory responses [34,35] are subject to
posttranscriptional regulation.

TNF-α can synergize with IFN-γ to eliminate parasites through the
activation of macrophage pathways leading to NO synthesis [36]. In
the present study, the high expression of TNF-α by CD4+ T cells was
insufficient to control parasite replication. Thus the balance between
TNF-α and IFN-γ seems to be vital for the activation of macrophage
oxidative mechanisms leading to parasite load reduction [37].

CD8+ T cells can be further characterized into a distinct effector
type of cell based on their cytokine-secreting profiles after antigen
encounter. Type 1 CD8+ T cells (Tc1) predominantly secrete IFN-γ
and TNF-α and kill either by perforin- or Fas-mediated mechanisms,
while Tc2 releases mainly IL-4, IL-5 and IL-10 and can destroy target
cell via the perforin pathway [38]. Although both cell subsets
presented incontestable cytotoxic effects, in the present study CD8+

Tc2 cells expressing IL-10 or TGF-βmight be linked to the progression
and cellular immune response in the murine model of Leishmania
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Fig. 4. Th1 and Th2 cytokines levels expressed by CD4+ (A) and CD8 T (B) cells and
dnCD4CD8 cells (C) purified from popliteal lymph nodes of infected and healthy BALB/c
mice. IFN-γ, TNF-α and IL-4mRNA levelswere quantified by real-time PCR. The results are
expressed as number of cytokine mRNA copies per 1000 copies of HPRT. Values represent
the means±standard deviation of three independent experiments. *(pb0.05) indicates
statistically significant differences compared to healthy mice.

Fig. 5. IL-10 and TGF-β expressed by CD4+ (A) and CD8+ T cells (B) and dnCD4CD8
cells (B) purified from popliteal lymph nodes of infected and healthy BALB/c mice.
Cytokine levels were determined by real-time PCR. The results are expressed as number
of cytokine mRNA copies per 1000 copies of HPRT. Values represent the means±
standard deviation of three independent experiments. *(pb0.05) indicates statistically
significant differences compared to healthy mice.
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of L. shawi as a possible additional source of Th2 or deactivating
cytokines. The high expression of TNF-α elicited by CD8+ T cells of
infected mice may not be sufficient to counteract the probable
deactivation of effector cells. Although some reports showed
equivalence between IL-10 expression and its respective production
[39,40] it was demonstrated that the availability of the respective
protein is finely tuned by posttranscriptional mechanisms. Addition-
ally, after being produced, TGF-β remains in its inactive form until is
activated [41]. Therefore, a direct correlation between the expression
and production of IL-10 or the functional activity of TGF-β is not
always observed.

In this study, the dnCD4CD8 cell subset from infected mice, which
includes neutrophils, eosinophils, dendritic, B and T cells [42], showed
increased expression of IL-4 and IL-10. Thus, these cells are also
Please cite this article as: Passero LFD, et al, Histopathology, humoral
(Viannia) shawi, Parasitol Int (2010), doi:10.1016/j.parint.2009.12.010
involved in the host immune response following infection by L. shawi
and may play an important role in disease progression by expressing
significant levels of cytokines associate with immunosuppression of
Th1 cells and downregulation of cytokines related with the control of
infection. In a previous work, it was reported that αβ+ dnCD4CD8 T
cells contribute to the control of human cutaneous leishmaniosis
caused by L. braziliensis, while γδ+ dnCD4CD8 T cells appear to induce
disease progression [43,44]. Therefore, in infection by L. shawi, the
dnCD4CD8 cell subpopulation seems to function as a negative
regulator of cell-mediated immunity.

All cell subpopulations isolated from infected BALB/c mice showed
increased IL-10 expression. The importance of this cytokine in ATL
was also verified in human populations exposed to L. braziliensis, since
the appearance of active lesions was correlated with elevated levels of
IL-10 [45]. Moreover, in experimental infection by L. amazonensis and
L. mexicana, IL-10 seems to play a significant role in regulating the
and cellular immune response in the murine model of Leishmania
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development of a protective Th1 immune response, as well as
maintenance of the disease [46]. Taken together, the above con-
siderations indicate IL-10 as an important factor in disease progres-
sion elicited by L. shawi and by New World species in general.

In the present study, the humoral immune response, characterized
by high production of anti-leishmanial IgG1 antibodies, seems to be
associated with disease progression. Moreover in human cases of L.
braziliensis high antibody titers had been associated to the presence of
amastigote and disease [47]. In mice, the production of specific class of
antibodies has been linked to the induction of a polarized immune
response. The IgG1 isotype has been associated with Th2 immune
response and disease progression, while production of IgG2 has been
correlated with Th1 immune response and control of infection [48]. In
fact, previous studies demonstrated that the production of IgG1 is
dependent on IL-4,which canbeprovidedbydifferent T cell populations
[49,50]. However, in the present study, the results point to an apparent
discrepancybetween high levels of IgG1 and lowTh2 immune response,
which was also verified in L. amazonensis experimental infections [24].
Although the amount of IL-4 released by each cell subset was not
evaluated, a significant increase in the expression of this cytokine by
CD8+ T and dnCD4CD8 cell populations was verified. Knowing that
regulation of this cytokine occurs at transcription level [51], it is possible
that the amount of IL-4 mRNA accumulated was correlated with the
level of protein released by these two subpopulations, therefore
regulating the differentiation of B cells to produce IgG1.

The outcome of Leishmania infection depends on a complex
interaction between the parasite and the mammalian host, with the
individual biological characteristics contributing to the development
of disease manifestations or to an asymptomatic condition. Leishma-
nia sp. from the New World presents high genetic variability and the
induction of susceptibility or resistance is necessarily different among
these species. To the best of our knowledge, this is the first report
focusing on the study of immunopathogenesis caused by L. shawi.
Infected BALB/c mice presented inefficient parasite control, lesion
development, local inflammation and a strong humoral immune
response. This parasite seems to influence different cell populations to
preferentially express immunosuppressor or deactivating cytokines,
thus avoiding its own destruction. The characterization of L. shawi
infection in BALB/c mice elicits new insights for the establishment of
an experimental animal model that represents natural human
infection and can be used for future drug and vaccine studies.
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Summary The objectives of this study were to identify individuals with symptomatic and/or
asymptomatic infection due to Leishmania (L.) infantum chagasi; to study the two types of
infection, both clinically and immunologically, and to determine the prevalence rate of infection
at the beginning of the study. This was a cross-sectional study with a cohort of 946 individuals,
of both genders, from the age of 1 year, living in the municipality of Barcarena, PA, Brazil,
an area endemic for American visceral leishmaniasis (AVL). The leishmanin skin test (LST) and
the indirect fluorescent test (IFAT), were used for the diagnosis of infection. One hundred and
twenty cases of infection were diagnosed, with a prevalence rate of 12.6%; eight cases showed
high seroreactivity (1280—10 240, IgG) in IFAT and no LST reaction; four of these cases were typ-
ical AVL and four had subclinical oligosymptomatic infection. Using two immunological methods
with a clinical examination of the infected individuals enabled the identification of five clinical-

immunological profiles which may promote a better understanding of the interaction between
L. (L.) i. chagasi and the human immune response: asymptomatic infection (AI) 73.4%; subclin-
ical resistant infection (SRI) 15%; subclinical oligosymptomatic infection (SOI) 3%; symptomatic
infection (AVL) 3% and indeterminate initial infection (III) 5%.
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A cross-sectional study on the clinical and immunological sp

1. Introduction

The clinical manifestations of visceralizing Leishmania spp.
are determined by the interactions of the parasite with
the human immune system. To evaluate the human immune
response to this disease, two types of assay have mainly been
used: the IFAT or ELISA for evaluating the humoral response
and the leishmanin skin test (LST) for evaluating the cellu-
lar, delayed-type hypersensitivity (DTH) response. However,
in most situations these assays have been used separately,
which has not given a view of the whole immune response
to infection.

To illustrate this situation, some studies carried out
in Africa, especially in Sudan1,2 and Ethiopia3—5, reported
the epidemiological, clinical and immunological features of
human infection caused by Leishmania (L.) donovani using
either LST to measure DTH and IFAT or ELISA to measure
the antibody response. In some Asian countries, such as
India6 and Nepal7, which have a high prevalence of vis-
ceral leishmaniasis (VL) caused by L. (L.) donovani, similar
immunological approaches were used to understand the
features of human disease. In European Mediterranean coun-
tries, including Italy8, Spain9 and Greece10, the clinical and
immune responses to human infection with Leishmania (L.)
i. infantum were investigated using similar approaches.
In South America, where Brazil has the highest incidence
of human VL due to Leishmania (L.) infantum chagasi,
few studies have reported the epidemiological, clinical
and immunological profiles of infection based on the same
immunodiagnostic models.11—16

The clarification of the clinical manifestations that occur
in the spectrum of human infection with L. (L.) i. chagasi
infection has been the aim of some studies in Brazil.14,17—20

In most of these studies, however, the diagnosis of infection
was only based on the antibody response of the infected
individuals allowing categorisation of the disease into three
clinical forms: asymptomatic infection (AI), subclinical
oligosymptomatic infection (SOI) and symptomatic infection
[SI = American visceral leishmaniasis (AVL)]. It is quite possi-
ble, however, that this type of diagnostic approach may have
neglected some clinical or immunological findings associated
with the DTH response of infected individuals living in the
endemic area.

For these reasons and because of the scarce information
on the interaction between the human L. (L.) i. chagasi
infection and the immune response in the Brazilian Amazon
region,21 we conducted a cross-sectional study of the preva-
lence rates and the clinical and immunological spectrum of
infection by combining the two types of immune response
assays: IFAT for the humoral response and LST for the
DTH response aiming to improve our understanding on the
clinical and immunological spectrum of the human L. (L.) i.
chagasi infection in the Brazilian Amazon region.

2. Materials and methods
2.1. Study area

This study was carried out during October—November 2003
in Santana do Cafezal village, which is situated on the banks
of the river Cafezal, 7 km from the administrative centre

f
3
a
f
r

m of human Leishmania (L.) infantum chagasi 1251

f Barcarena municipality (01◦30′S; 48◦37′W). It is consid-
red to be within the metropolitan region of Belém, PA,
n the north of Brazil. The climate is typically equatorial,
ith an average temperature of 27 ◦C and high humidity.
he annual rainfall is in the region of 2500 mm or more,
ith the period from January to June forming the principal

ainy season. Following extensive destruction of the primary
orest, the area now consists mainly of plantations, with
ccasional patches of developing secondary forest. Approx-
mately 70% of the inhabitants occupy wooden houses in
on-flood land, which is surrounded by secondary forest,
hile the rest lives in the várzea, an area of low vegeta-

ion which is flooded twice daily by waters of the Cafezal
iver.

.2. Study design and population

he study was designed to identify individuals of all ages,
ith symptomatic or asymptomatic infection with L. (L.) i.

hagasi; to characterize the infection both clinically and
mmunologically and to determine the prevalence rate of
nfection. Specifically, we looked for a better understand-
ng of the transmission dynamics as well as the clinical
nd immunological features of the different patterns of the
isease within the spectrum of human L. (L.) i. chagasi infec-
ion.

The population enrolled in the study consisted of a cohort
f 946 individuals (almost 90% of the total population), being
68 males and 378 females aged 1—89 years old with a
edian of 20 years, suggesting a relatively young popula-

ion. When the study began, the number of inhabitants in
he area was estimated to be 1064.22 In order to obtain a
learer idea of the transmission dynamics of infection, the
otal population was divided into three age groups: 1—10,
1—20 and ≥21 years. The groups consisted of 260, 218
nd 468 individuals, respectively. This stratification consid-
red that people aged ≥21 years have the same ability to
evelop a specific immune response against infection. For
he infection diagnosis, both IFAT and LST were performed in
ll individuals previously selected for the prevalence study.
n addition, all individuals presenting any type of immune
eaction were clinically examined in order to identify any
igns and/or symptoms that could be associated with the
lassical features of AVL.

.3. Criteria for identification of human infection

he definition of a case of human infection with L.
L.) i. chagasi was the presence of reactivity in either
r both immunological tests. IFAT demonstrates humoral
mmunity associated with the CD4+ Th2 immune response
antibody response = susceptibility) and LST demonstrates
ellular immunity associated with the CD4+ Th1 immune
esponse (hypersensitivity = resistance).23 With the objec-
ive of expressing the specificity of IFAT and LST, a scale
f semi-quantitative results was used with scores varying

rom + to ++++. For IFAT, serological titres of 80—160 and
20—640 (IgG) received + and ++ and those of 1280—2560
nd 5120—10 240 were given +++ and ++++, respectively;
or LST, exacerbated intradermal reactions (≥16 mm) were
egarded as ++++, strongly positive (13—15 mm) as +++,
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oderately positive (9—12 mm) as ++ and weakly positive
5—8 mm) as +. Thus, it was assumed that serologi-
al reactions of 80 (IgG) titre and intradermal reactions
orming papules or indurations of ≥5 mm in diameter
ere regarded as the positive cut-off in IFAT and LST,

espectively.24—27

.4. Immunological test procedures

he procedure used for LST was previously described in
ther studies on American cutaneous leishmaniasis.26,27

he antigen used in Santana do Cafezal, a village situ-
ted in an area where cutaneous and visceral leishmaniasis
re potentially concomitant, should have a high speci-
city for the visceral disease. Thus, to promote high
pecificity in LST, cultured promastigote forms from the
tationary phase in RPMI 1640 medium (Sigma-Aldrich, St
ouis, MO, USA) of a regional strain of L. (L.) i. chagasi
MCAO/BR/2003/M22697/Barcarena, PA, Brazil) was used.
hey were fixed in merthiolate solution (1/10 000), with a
nal concentration of approximately 10 × 106 parasites/ml.
s control for the Leishmania antigen, 0.1 ml of the merthi-
late solution (1/10 000) was administered intradermally in
he opposite forearm of each individual.

IFAT was performed as proposed by Lima et al.24,25 who
emonstrated that amastigote antigens of L. (L.) i. cha-
asi had a higher specificity and sensitivity than those of
romastigotes of the same species and L. (L.) major-like
Bio-Manguinhos, RJ, Brazil) and than amastigote antigens
f L. (L.) amazonensis. Briefly, amastigote antigens were
mpregnated in the IFAT slides by imprint of small frag-
ents of spleen and liver from hamster infected with

he parasite. Crude L. (L.) i. chagasi amastigote antigen
as the best specificity and sensitivity for the serologi-
al diagnosis of human infection with L. (L.) i. chagasi
sing IFAT. For diagnosis of canine VL this method has
lso proved to be more specific than IFAT and ELISA (Bio-
anguinhos), which are available through the Brazilian AVL
ontrol program.28

.5. Data analysis

he data were analyzed by the Bio-Estat 4.0 program.29

he �2 and binomial tests were used for the significance of
ifferences between the clinical-immunological profiles of
nfection with a confidence interval of 95%.

. Results

.1. Prevalence rates of human Leishmania (L.)
nfantum chagasi infection

n infection prevalence rate of 11.2% (106/946) was

btained by LST and of 3.4% (32/946) by IFAT (P < 0.001).
mong the 106 LST-reactive individuals, 18 (17%) were also

FAT-reactive, and of the 32 IFAT-reactive, the same 18
56.2%) were also LST-reactive. This combination permit-
ed the identification of an actual prevalence rate of 12.6%
120/946) for the community, using both tests.

e
e
t
i

(
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.2. Frequency of human Leishmania (L.)
nfantum chagasi infection according to sex, age
nd LST and IFAT specificity

he distribution of the 120 cases of infection showed no dif-
erence between males (55.8%) and females (44.2%). The
istribution of infection according to age also showed no
ifference between the younger age groups, with 19.2% of
nfected cases aged 1—10 years and 25.8% of cases aged
1—20 years. However, when the rates of these groups were
ompared with that of the older age group both were sig-
ificantly smaller (P < 0.001), with more than half (55%) of
nfected individuals being ≥21 years old.

Regarding LST and IFAT response, among the 106 LST-
eactive cases, 41.5% presented exacerbated reactivity
++++), 14.1% were strongly positive (+++), 19.8% moder-
tely positive (++) and 24.6% weakly positive (+). Thus over
alf of the cases (55.6%) had marked (+++/++++) immunolog-
cal resistance (hypersensitivity) to infection. Among the 32
FAT-reactive cases, 21.8% presented low serological reactiv-
ty (+), 53.1% were moderately positive (++), 18.8% strongly
ositive (+++) and 6.3% highly positive (++++). Thus 25.1% of
ases presented a significant humoral response of strongly
+++) or highly positive (++++), showing immunological sus-
eptibility to infection.

.3. Clinical-immunological evaluation of human
eishmania (L.) infantum chagasi infection

f the 120 cases of infection, most (73.4%) were clini-
ally asymptomatic and exhibited an immune response
LST+/++++ and IFAT − ) consistent with a clinical-
mmunological profile of resistant AI. A few (6.6%)
ere represented by an immune response (LST− and

FAT+++/++++) that could be associated with either of
wo susceptible clinical-immunological profiles: (SI = AVL)
r SOI. The difference was mainly clinical; the profile of
I was applied to four (3.3%) cases of active AVL (two
hildren and two adults), resulting in an AVL prevalence
ate of 0.42%, while SOI was used in another four (3.3%)
ases (one child and three adults). These cases presented
arious manifestations, associated or not and of uncertain
uration, which were not characteristic of acute AVL,
uch as: fever; asthenia; pallor; adenopathy and slight
epatomegaly, but without splenomegaly. There were
lso some haematological alterations such as mild-to-
oderate anaemia and leukopenia. A further 15% of cases
ere asymptomatic with an immune response reaction

n both tests (LST+/++ and IFAT+/++), compatible with
n intermediate clinical-immunological profile showing a
easonable degree of resistance (LST+/++). This profile was
ategorized as subclinical resistant infection (SRI). Finally,
% of cases were asymptomatic and presented a humoral
mmune response but with low serological titres (LST−
nd IFAT+/++). These patients were regarded as a very
arly infected group with the possibility of their disease

volving to either the resistant profiles SRI and AI or to
he susceptible ones SOI and SI. This was considered an
ndeterminate initial infection (III) (Figure 1).

The frequency of the AI profile (73.4%) was higher
P < 0.001) than the other profiles, SRI (15%), III (5%), SI (3%)
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Figure 1 Frequency distribution of the clinical-
immunological profiles of the human Leishmania (L.) infantum
chagasi infection, in Santana do Cafezal village, Barcarena
municipality, PA, Brazil. AI: asymptomatic infection; SRI: sub-
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sidering that the immune response to infection is not limited
clinical resistant infection; III: indeterminate initial infection;
SI: symptomatic infection (= American visceral leishmaniasis);
SOI: subclinical oligosymptomatic infection.

and SOI (3%) and that of the SRI profile was higher (P < 0.001)
than those of the last three, III, SI and SOI, among which
there were no differences in frequency rates. Based on this
diagnostic approach, it was possible to distribute the 120
cases of infection into five clinical-immunological profiles,
which represent a new proposal for the clinical and immuno-
logical spectrum of human L. (L.) i. chagasi infection in the
New World (Table 1).

4. Discussion

This is one of the few epidemiological studies carried out
in Brazil to evaluate the transmission dynamics of human L.
(L.) i. chagasi infection in individuals aged 1 year and over,
using two immunological methods, LST and IFAT. Even though

some studies have previously reported on the transmission
dynamics of infection,11—13,15 they were limited to children
up to 15 years old, which neglected the importance of older
individuals in the epidemiology of infection.

t
r
t
m

Table 1 Clinical and immunological spectrum of human Leishman

Susceptible immunological pole

Symptomatic infection (AVL) Indeterminate i
LST− LST−
IFAT+++/++++ IFAT+/++
Subclinical oligosymptomatic infection (SOI)
LST−
IFAT+++/++++

IFAT++++: 5120—10 240 (IgG); IFAT+++: 1280—2560 (IgG); IFAT++: 320—64
manin skin test; LST++++: exacerbated reaction (≥16 mm); LST+++: str
LST+: weak reaction (5—8 mm); LST−: negative reaction.
m of human Leishmania (L.) infantum chagasi 1253

With respect to the study population, Santana do Cafezal
illage consists of a community established for over a cen-
ury, whose population selected for this study spanned at
east four generations. Such long-term exposure to L. (L.)
. chagasi transmission may well favour the development
f some degree of immune protection in the population.
lthough the general population has low purchasing power,
ood is provided principally by fishing and subsistence agri-
ulture, providing a satisfactory feeding profile. Even though
ome recent evidence exists indicating that susceptibility to
L could be strongly controlled by a genetic mechanism,30—32

t is possible that environment and/or nutrition could con-
ribute to the promotion of an improved immune response
gainst human L. (L.) i. chagasi infection, given that the
revalence (0.42%) of active AVL was low in this study.

With respect to the transmission dynamics of infection,
his received two types of treatment in this study. The
rst analysed the infection prevalence by LST and IFAT
nd enabled a specific and comparative evaluation of the
wo types of immune response, cellular and humoral.23 The
econd considered the combined analysis of LST and IFAT
esults, which allowed the determination of the actual rate
f infection, in an attempt to evaluate the true situation of
nfection transmission in the study area. In the first anal-
sis the infection prevalence determined by LST (11.2%)
as higher (P < 0.001) than that determined by IFAT (3.4%).
his demonstrated that among naturally infected individ-
als, a higher number presented immunological resistance
hypersensitivity) to infection, which may help to explain
he low rate of prevalence (0.42%) of AVL in the present
tudy. Moreover, considering that both tests were performed
ith the same antigen strain of L. (L.) i. chagasi, it is
ighly unlikely that the difference found in the prevalence
ates determined by LST and IFAT could be attributed to the
ariability of the antigen specificity used in these tests. It
hould be highlighted that these findings can be influenced
y some methodological procedures and/or epidemiological
actors. In the Jacobina municipality, Bahia State, north-
astern region of Brazil, a soluble extract of L. (L.) i. chagasi
ntigen was used to study the infection prevalence by LST in
hildren up to 15 years old.11 By contrast with the present
tudy, these authors found an infection rate of 34.1%. Con-
o only one type, i.e. either a T-cell response or a humoral
esponse, it is clear that these results underestimated the
rue rate of infection in that area. In another study in the
unicipality of Raposa, Maranhão State, also in the north-

ia (L.) infantum chagasi infection in the Amazon region, Brazil

Resistant immunological pole

nitial infection (III) Asymptomatic infection (AI)
LST+/++++
IFAT−
Subclinical resistant infection (SRI)
LST+/++
IFAT+/++

0 (IgG); IFAT+: 80—160 (IgG); IFAT−: negative reaction; LST: leish-
ong reaction (13—15 mm); LST++: moderate reaction (9—12 mm);
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astern region of Brazil, two different procedures were
sed: only children up to 5 years old were selected, repre-
enting a greater limitation compared to other studies and
wo different antigens were used for immune diagnosis; a
oluble extract of L. (L.) amazonensis for LST and a solu-
le extract of L. (L.) i. chagasi for ELISA.12,13 The results
evealed infection prevalence rates of 18.6% by LST and
3.5% by ELISA, higher that those found in the present study
11.2% by LST and 3.4% by IFAT), suggesting a higher con-
entration of susceptible individuals (children up to 5 years
ld).

In another study also carried out in Maranhão State,
unicipality of São José de Ribamar, the prevalence rate

f infection in children up to 15 years old was estimated
sing three antigen types: a soluble extract of L. (L.) i. cha-
asi for LST, and a crude antigen of the same parasite and
recombinant protein (rK39) for ELISA.15 The data revealed

he highest infection rates reported, 61.7% by LST and 19.7%
crude antigen) and 19.4% (rK39) by ELISA. These differences
ust be examined with caution, considering the procedures

sed and the epidemiological circumstances of each study
rea.

In Italy, where the disease is caused by L. (L.) i. infantum,
promastigote-antigen suspension of homologous parasite
as used to demonstrate a 16.6% prevalence rate of infec-

ion in individuals of different ages by LST.8 This most
losely resembles the infection rate found in the present
tudy and may reflect similar transmission dynamics of L.
L.) i. infantum and L. (L.) i. chagasi. In Africa, espe-
ially in Sudan, where the disease is caused by L. (L.) d.
onovani, leishmaniasis represents a severe public health
roblem, being responsible for more than 100 000 deaths in
he 1980s.2 The epidemiological situation of human infec-
ion remains variable, as recent reports show prevalence
ates ranging from 33% to 56% in two localities, Mushrau
oka and Um—Salala, respectively, using a promastigote-
ntigen suspension of the same parasite, demonstrating a
igher infection transmission level than found in the Brazil-
an Amazon region.1

The second analysis was based on a combination of LST
nd IFAT data, which determined that the actual prevalence
ate of infection in the study area is 12.6% (120/946). It
hould be highlighted that this appears to be an unpub-
ished approach in the investigation of human L. (L.) i.
hagasi infection epidemiology. Gender was not found to
e a significant variable in the distribution of human L.
L.) i. chagasi infection. With respect to age, the younger
ge groups had similar infection rates, which were lower
han that of the older group, demonstrating that infection
rogressively accumulates with age, similar to the pattern
ound in human L. (L.) i. infantum infection in Sicily, Italy.8

Regarding LST and IFAT specificity in the context of infec-
ion prevalence, the results showed that among the 106
ST-reactive cases, 56.6% presented a significant immuno-
ogical resistance to infection (hypersensitivity +++/++++).
his could be explained by a reasonable sample of infected

ndividuals that have naturally received repeated antigenic

timulus through the infected phlebotomine sand fly vector
Lutzomyia longipalpis) over a prolonged period. In this con-
ext, it is possible that these ‘natural infective doses’ may
epresent a major strategy for consideration in a future vac-
ine program against infection. By contrast, it was observed
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hat among the 32 IFAT-reactive cases, only 25% showed
susceptibility profile to AVL, with high serological titres

anging from 1280 (+++) to 10 240 (++++) (IgG). The great
ajority (75%) exhibited low serological reactivity 80 (+) to

40 (++) (IgG), indicating that only few cases expressing a
umoral immune response (CD4 type 2 immune response)
resented some degree of predisposition for developing AVL,
hich was confirmed in 12.5% of IFAT-reactive individuals
nd only in 3.3% of all 120 cases of infection. Moreover, con-
idering the infection prevalence (12.6%), a ratio between
nfection and disease of 1:30 was estimated, while in the
acobina municipality, Bahia State, this ranged from 1:6.5
o 1:18.5 with a prevalence rate of 34.1% by LST.11 Again, it
hould be stated that in these locations the prevalence rates
ere estimated in children up to a maximum of 15 years of
ge.

In this study we propose a new, broad clinical-
mmunological spectrum for human L. (L.) i. chagasi
nfection in the New World using simple, inexpensive and
eproducible methods. We propose five different clinical-
mmunological profiles of infection, adding two additional
rofiles, SRI and III, to the three already recognized by
thers: AI, SI (= AVL) and SOI14,17—19, Pearson et al.20 This
roposed spectrum has the advantage of promoting a bet-
er view of the clinical and immunological factors in play
n the interaction between L. (L.) i. chagasi and the human
mmune response, as well as providing a suitable tool for
ontrol programs of AVL. This spectrum may also reflect
he genetic polymorphism behind the immunological mecha-
isms responsible for resistance to human VL infection.30—33

This experience also showed that the great majority
73.4%) of infected individuals living in the AVL-endemic
rea have an immune response profile of resistance to infec-
ion (LST+/++++ and IFAT−), confirming the significance of
he hypersensitivity mechanism (T-cell immune response) in
ontrolling the infection. This finding has also been demon-
trated by others.34 As a result, all these individuals were
linically asymptomatic (AI). The new profile SRI, which also
howed a significant degree of resistance (LST+/++) to infec-
ion, was represented by a reasonable proportion (15%) of
nfected individuals. The SRI and AI profiles together were at
east 88.4% of all infections in the endemic area, suggesting
hat most infected individuals present an immune resistance
rofile to the infection.

Another significant finding among infected individuals
as the identification of the III profile (LST− and IFAT+/++),
hich consisted of individuals with the earliest stage of

nfection and with an apparent tendency for a predom-
nantly humoral response, but with no definition of the
ltimate immune response profile. This was considered as
n indeterminate initial infection, which could evolve either
o the resistant profiles SRI and AI or to the susceptible pro-
les SOI and SI, and may be useful in AVL control programs
or monitoring recently infected individuals in the endemic
rea.

The finding that age may alter the features of infection
as another conclusion of this work. A number of reports
hat documented a high number of subclinical oligosymp-
omatic cases, more than acute AVL cases, only included
hildren up to 15 years old17 or 5 years old.18 In the present
ork, no difference in the prevalence rates between the
I (3.3%) and SOI profiles (3.3%) was identified, probably
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because individuals of all ages were evaluated, suggest-
ing an excess concentration of susceptible individuals in
the prior reports. Indeed, the influence of age on the out-
come of infection was detected between the age of these
two profiles, an average age of 33.6 years was observed
among individuals with the SOI profile, which was signifi-
cantly higher (P < 0.001) than the average of 10.7 years old
in the SI profile, indicating that older individuals seem to
develop a better T-cell immune response to infection and
present fewer conditions for the SI profile.

The feasibility of this approach for evaluating the clinical
and immunological manifestations of human L. (L.) i. chagasi
infection was confirmed in a recent cross-sectional study
carried out in another locality (municipality of Cametá) in
the northeast region of Pará State,35 with a higher incidence
of AVL than the municipality of Barcarena.36 The preva-
lence rate of infection was 18.4% and the frequency rates
of the clinical-immunological profiles were as follows: AI:
47.5%, SRI: 22.3%, SI: 0.5%, SOI: 3.9% and III: 25.7%. This sug-
gests that an area with a higher level of transmission, where
higher frequency rates of the SRI and III profiles occur, will
contain a higher number of more recent cases of infection.
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Abstract This was a longitudinal study carried out during
a period over 2 years with a cohort of 946 individuals of
both sexes, aged 1 year and older, from an endemic area of
American visceral leishmaniasis (AVL) in Pará State,
Brazil. The object was to analyze the transmission
dynamics of human Leishmania (Leishmania) infantum
chagasi infection based principally on the prevalence and
incidence. For diagnosis of the infection, the indirect
fluorescent antibody test (IFAT) and leishmanin skin test
(LST) were performed with amastigote and promastigote

antigens of the parasite, respectively. The prevalence by
LST (11.2%) was higher (p<0.0001) than that (3.4%) by
IFAT, and the combined prevalence by both tests was
12.6%. The incidences by LST were also higher (p<0.05)
than those by IFAT at 6 (4.7%×0.6%), 12 (4.7%×2.7%),
and 24 months (2.9%×0.3%). Moreover, there were no
differences (p>0.05) between the combined incidences by
both tests on the same point surveys, 5.2%, 6.3%, and
3.6%. During the study, 12 infected persons showed high
IFAT IgG titers with no LST reactions: five children and
two adults developed AVL (2,560–10,120), and two
children and three adults developed subclinical oligosymp-
tomatic infection (1,280–2,560). The combined tests diag-
nosed a total of 231 cases of infection leading to an
accumulated prevalence of 24.4%.

Introduction

American visceral leishmaniasis (AVL) is an anthropozoo-
nosis, first recorded in Amazonian Brazil by Penna (1934)
who, during an extensive study of postmortem necropsy
tissues from individuals believed to have died from yellow
fever in different parts of Brazil, diagnosed three cases of
AVL in the State of Pará. Interestingly, all were from a
forested area in that State, in the municipalities of
Abaetetuba and Mojú where, in the following 2 years,
other relevant information was obtained regarding the
ecology and epidemiology of the disease. In 1937, Cunha
and Chagas gave the name Leishmania chagasi to the
causative agent of AVL, which was recently referred to as
Leishmania (Leishmania) infantum chagasi Lainson and
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Rangel 2005, and in 1938, Chagas et al. recorded eight
more cases of AVL in the municipality of Abaetetuba and
the presence of infected dogs. They found that the most
common man-biting insect in and around the houses of
infected individuals was the phlebotomine sandfly Lutzo-
myia longipalpis and suggested that it was the most likely
parasite vector.

Unfortunately, following the premature death of Evandro
Chagas in 1940, further observations regarding AVL in
Amazonian Brazil were limited to a few clinical and
epidemiological features regarding isolated cases in Pará State
(Alencar 1962; Costa 1966). During some 46 years following
Penna’s first report of the disease in this part of Brazil, a
mere 32 cases were recorded, and this resulted in Amazonian
AVL being regarded as an occasional and sporadic disease.
A progressive change in the epidemiology, however, was
clearly taking place. Thus, in only 2 years (1984–1985), a
total of 135 cases were recorded on the outskirts of the town
of Santarém, west of Pará State (Lainson et al. 1984), and
SESPA (2004) recorded a mean of approximately 235 cases
per year in this State in a recent 5 years period.

The reason for this continuing increase in AVL during
recent years is not completely understood. The principal
factor involved, however, is increasing deforestation, which
results in the invasion of the peridomestic habitat of
developing human communities by the sandfly vector L.
longipalpis. Infestation of animal housing may be intense,
and in the presence of a large population of dogs, which are
highly susceptible to infection with L. (L.) infantum
chagasi, these animals became a major source of human
infection (Lainson 1988; Lainson and Rangel 2005).
Migration of nonimmunized individuals from other regions,
improved diagnostic methods, and the increasing awareness
of clinicians regarding the importance of including AVL in
the differential diagnosis of febrile patients will continue to
contribute the AVL increase (Lainson 1989).

Although the occurrence of AVL has increased drasti-
cally in recent years, there has been little field work in this
region indicating the prevalence and/or incidence in terms
of the symptomatic (acute AVL and subclinical forms) and/
or asymptomatic infections. Such a study is, without doubt,
of major importance for understanding more fully the
dynamics involved in the transmission of L. (L.) infantum
chagasi to man. In fact, the only available information
regarding the interaction of the human immune response to
infection with this parasite has come from the study of
patients with AVL, an immune-suppressed condition which
represents only the top of the iceberg in this interaction
(Lainson and Shaw 2005; Silveira et al. 1997).

During the period 2000–2004, the mean annual inci-
dence of AVL in the municipality of Barcarena, Pará State,
north Brazil was 0.36:1,000 inhabitants (SESPA 2004):
67% were male patients, as well as 56% were under the age

of 15 years old. In a locality known as Santana do Cafezal
village, an annual average of 2.8 cases were recorded,
indicating this area as a very suitable place in which to
conduct a more elaborate study. This communication will
comment the results of a longitudinal, prospective study of
946 individuals in Santana do Cafezal village over a period
of 2 years (October/2003 to December/2005), using both
the leishmanin skin test (LST) and the indirect fluorescent
antibody test (IFAT) for trying to better understand the
transmission dynamics of infection.

Materials and methods

Study area

This study was carried out in the Santana do Cafezal village,
which is situated on the banks of the river Cafezal, only 7 km
from the administrative center of Barcarena municipality (01°
30′ S: 48°37′ W), which is considered to be within the
metropolitan region of Belém, Pará State, north of Brazil
(Fig. 1). The climate is typically equatorial, with an average

PARÁ

STATE

Fig. 1 Geographic localization of Santana do Cafezal village,
Barcarena municipality, Pará State, in Amazonian Brazil
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temperature of 27°C and high humidity. The annual rainfall
is in the region of 2.500 mm or more, with the period from
January to June forming the principal rainy season. Follow-
ing extensive destruction of the primary forest, the area now
consists mainly of plantations, with occasional patches of
developing secondary forest. Approximately 70% of the
inhabitants occupy wooden houses in non-flood land, which
is surrounded by secondary forest, while the rest live in the
várzea, an area of low vegetation which is flooded twice
daily by waters of the river Cafezal.

Study design and population

The population enrolled in this study consisted of a cohort
of 946 individuals (almost 90% of total population), being
568 males and 378 females aged between 1 (minimum) and
89 (maximum) years old, with a median age of 20 years
old, suggesting to be a relatively younger population. When
the study began, the number of inhabitants in the area was
estimated to be 1,064 (Instituto Brasileiro de Geografia
e Estatística 2004). Moreover, once the present study was
performed with the objective of obtaining a clear idea
regarding the transmission dynamics of infection, it was
necessary to follow the design and the planning of a
prospective analysis on the prevalence and incidence of
infection during a follow-up period over 2 years. Thus, the
indirect fluorescent antibody test and the leishmanin skin
test were chronologically used at the same time point of the
prevalence and the incidence surveys, which allowed to
measure these infection rates by each one of these tests, as
well as these real infection rates using the combined results
of both tests. In this way, the IFAT and LST were used for
all individuals previously selected for the prevalence, and
for the following three incidences, at 6, 12, and 24 months,
these tests were only performed in those individuals that
had been negative for both in the prevalence and in the
prior incidence survey. Because of different reasons,
however, such as holidays or travel, for example, there
was a loss of almost 10% (94 individuals) of original
sample during the 2 years of the follow-up period. In
addition, the total population was also divided into three
age groups, 1–10, 11–20, and ≥21 years, which consisted of
260, 218, and 468 individuals, respectively, with the subject
of analyzing the age distribution of infection.

Clinical evaluation of infected individuals

It was also regarded that all individuals presenting any
immune reaction either by LST and/or by IFAT would be
clinically examined (a complete physical examination) in
order to identify any signs and/or symptoms that could be
recognized as the classical feature of AVL, as well as that of
the subclinical oligosymptomatic infection; only those

cases presenting typical feature of AVL received conven-
tional antimony therapy as recommended by the Brazilian
program of AVL control (Brasil 2003). The subclinical
oligosymptomatic cases were, in principle, only followed
up to confirm their spontaneously clinical resolution, as it
was observed by a prospective study carried out in the
neighboring State of Maranhão, in the northeastern region
of Brazil (Gama et al. 2004).

Criteria for identification of human infection

The definition of a human case of infection with L. (L.)
infantum chagasi was based on two immunological
parameters: the IFAT and LST. Nevertheless, as the IFAT
evidences the humoral response (susceptibility) and the
LST the T-cell response (resistance; Awasthi et al. 2004),
the definition of human infection with L. (L.) infantum
chagasi was assumed to be the presence of reactivity to
either one or both tests, aiming to ensure as much as
possible the real diagnosis of all infected individuals in the
endemic area. Moreover, with the objective of expressing
the specificity of IFAT and LST, a scale of semi-quantitative
results was used with scores varying from + to ++++, as
follows: for the IFAT, serological titers of 80–160 and 320–
640 (IgG) received + and ++, and those of 1,280–2,560 and
5,120–10,240 were given +++ and ++++, respectively; for
the LST, exacerbated (very strong) reactions (≥16 mm)
were regarded as ++++, strong (13–15 mm) as +++,
moderate (9–12 mm) as ++, and weak (5–8 mm) as +.
Thus, it was assumed that serological reactions with 80
(IgG) titer and intradermal reactions forming papules or
indurations of ≥5 mm in diameter were regarded as the
positive cut-off for the IFAT and LST, respectively (Lima
et al. 2003; Silveira et al. 1991, 1998).

Immunological test procedures

The proceedings for LST were previously described in
other studies on the American cutaneous leishmaniasis
(Silveira et al. 1991, 1998). The antigen used in Santana do
Cafezal, a village situated in an area where cutaneous and
visceral leishmaniasis are potentially concomitant, although
the ecology of study area is not well promising for the
cutaneous disease, should have a high specificity for the
visceral disease. Thus, to promote high specificity in LST,
cultured promastigotes forms from the stationary phase
(RPMI 1640 media) of a regional strain of L. (L.) infantum
chagasi (MCAO/BR/2003/M22697/Barcarena, Pará State)
were used. They were fixed in a merthiolate solution
(1:10,000), with a final concentration of approximately
10×106 parasites per milliliter. As control for the Leish-
mania antigen, 0.1 mL of the merthiolate solution
(1:10,000) was intradermally used in the opposite forearm
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of each individual. In addition, as the Instituto Evandro
Chagas (IEC) is an official laboratory linked to the Health
Ministry of Brazil, all reagents prepared for human research
are previously evaluated by a Quality Control Program
before the use for humans.

IFAT was performed as proposed by Lima et al. (2003),
who showed that amastigote antigen of L. (L.) infantum
chagasi had a higher specificity and sensitivity than those
with promastigote antigen of the same species and of
Leishmania (Leishmania) major-like (Bio-Manguinhos, Rio
de Janeiro, Brazil), as well as with amastigote-antigen of
Leishmania (Leishmania) amazonensis. Briefly, amastigote
antigens were impregnated in the IFAT slides by printing of
small fragments of spleen and liver, in the case of L.
infantum chagasi, and skin, in the case of L. amazonensis,
from “hamsters” (Mesocricetus auratus) infected with these
parasites. It has been shown that the crude amastigote
antigen of L. (L.) infantum chagasi has the best specificity
and sensitivity for IFAT diagnosis of human L. (L.)
infantum chagasi infection. For diagnosis of canine visceral
leishmaniasis, this procedure has also been used with
higher specificity than IFAT and enzyme-linked immuno-
sorbent assay (ELISA; Bio-Manguinhos, Rio de Janeiro,
Brazil; de Jesus et al. 2003).

Data analysis

The data obtained were analyzed by the Bio-Estat 4.0
program (Ayres et al. 2004) and the χ2 and binomial tests
were used for the significance of differences between the
LST and IFAT surveys of infection with a confidence
interval of 95% (p value<0.05).

Results

All results regarding the prevalence, incidence, and the
accumulated prevalence of infection as well as its distribu-
tion according to the age and the specificity of LST and
IFAT may be seen in Tables 1, 2, 3, and 4. However,
presented below is a brief description of these results.

Prevalence of human L. (L.) infantum chagasi infection
in the Santana do Cafezal village

The infection prevalence of 11.2% (106 of 946) by LST
was higher (p<0.0001) than that of 3.4% (32 of 946) by
IFAT. However, among the 106 LST and 32 IFAT reactors,
there were 18 individuals reacting to both tests together,
giving 17% between those LST and 56.2% those IFAT
reactors. Thus, these combined results (88 by LST, 14 by
IFAT, and 18 by both) gave a real prevalence of 12.6% (120
of 946) for the community (Table 1).

Frequency according to sex, age, and LST and IFAT
specificity of the human L. (L.) infantum chagasi infection
prevalence in the Santana do Cafezal village

The distribution of 120 cases of infection showed no
difference (p>0.05) between men (55.8%) and women
(44.2%). The age distribution also showed no difference
(p>0.05) between the younger age groups, with 19.2% of
cases aged 1–10 and 25.8% aged 11–20 years old.
However, when these rates were compared with that of
the older age group, both were smaller (p<0.05); more than
half (55%) of infected cases were ≥21 years old (Table 2).

Regarding the LST and IFAT specificity, among the 106
LST reactors, 41.5% showed exacerbated reactivity, 14.1%
strong, 19.8% moderate, and 24.6% weak. Thus, over half
of the cases (55.6%) had marked (+++/++++) immunolog-
ical resistance to infection (Table 3). Among the 32 IFAT
reactors, 21.8% showed low reactivity, 53.1% moderate,
18.8% strong, and 6.3% high reactivity (Table 4). Thus,
25.1% of cases had significant immunological susceptibility
to infection. Of these, four (3.3%) were typical AVL cases
(two children and two adults) with a prevalence of 0.42%,
whereas another four (3.3%) cases (one adolescent and
three adults) exhibited a subclinical oligosymptomatic
infection.

Incidence of human L. (L.) infantum chagasi infection
in the Santana do Cafezal village

The first incidence by LST, 4.7% (38 of 798), was higher
(p<0.05) than that by IFAT, 0.6% (five of 798); only one
case reacted to both tests representing 2.6% (one of 38) of
LST and 20% (one of five) of IFAT reactors. Thus, a real
incidence of 5.2% was found in the first period of 6 months
(42 new cases to 798 non-infected individuals). The second

Table 1 Prevalence, incidence, and accumulated prevalence by LST
and IFAT of human L. (L.) infantum chagasi infection in the Santana
do Cafezal village, Barcarena municipality, Pará State, Brazil
(October/2003−December/2005)

Immunological procedure (%/n)

Surveys LST IFAT LST/
IFAT

Prevalence (n=946) 11.2/106 3.4/32 12.6/120
Incidence 1 (n=798) 4.7/38 0.6/5 5.2/42
Incidence 2 (n=724) 4.7/34 2.7/20 6.3/46
Incidence 3 (n=644) 2.9/19 0.8/5 3.6/23
Incidence 1st year (n=798) 9.0/72 3.1/25 11.5/88
lncidence 2nd year (n=644) 2.9/19 0.8/5 3.6/23
Accumulated prevalence
(n=946)

197 (20.8) 62 (6.5) 231 (24.4)

LST leishmanin skin test, IFAT indirect fluorescent antibody test
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incidence by LST, 4.7% (34 of 724), was higher (p<0.05)
again than that by IFAT, 2.7% (20 of 724); eight cases
reacted to both tests consisting 23.5% (eight of 34) by LST
and 40% (eight of 20) by IFAT. This association revealed a
real incidence of 6.3% in the second period of 6 months (46
new cases to 724 non-infected individuals). The third
incidence by LST, 2.9% (19 of 644), was also higher
(p<0.05) than that by IFAT, 0.8% (five of 644); only one
case reacted by both tests representing 1.6% (one of 19) by
LST and 20% (one of five) by IFAT; this combination given
a real incidence of 3.6% following a period of 12 months in
the second year of study (23 new cases to 644 non-infected
individuals; Table 1).

These three incidence surveys at 6 (5.2%), 12 (6.3%),
and 24 (3.6%) months revealed 111 new cases of infection,
giving a real incidence of 11.5% for the first year, which
was higher (p<0.0001) than that of 3.6% found at the end
of the second year study.

Frequency according to sex, age, and LST and IFAT
specificity of the human L. (L.) infantum chagasi infection
incidence in the Santana do Cafezal village

According to sex, the distribution of 111 new cases of
infection showed no difference (p>0.05) between men

(47.7%) and women (52.3%). Moreover, the distribution
according to age also revealed no difference (p>0.05)
between the younger age groups (1–10 × 11–20 years old),
29.7% and 25.3%, respectively, although both rates were
lower (p<0.05) than that (45%) of the older age group
(≥21 years old). However, in contrast to those rates found at
the prevalence, the incidence of the younger age groups
together were more than half (55%) of all cases recorded in
the three incidence surveys, indicating that, among the new
cases, most occurred in the two first decades of life, with
almost 30% of cases in the first one (Table 2).

Regarding the LST and IFAT specificity, it was revealed
that, among the 91 LST reactors, 36.3% exhibited exacer-
bated reactivity, 12% strong, 24.2% moderate, and 27.5%
weak reactivity, indicating that, among the 111 new cases,
there was no difference (p>0.05) favoring exacerbated and
strong LST reactors over moderate and weak LST reactors
as occurred at the prevalence (Table 3). In contrast, among
the 30 IFAT reactors, 40% showed low reactivity, 50%
moderate, 6.7% strong, and 3.3% high reactivity, confirm-
ing that only three (10%) of new cases had humoral
response compatible with AVL (Table 4). Of these, one case
showed clinical feature suggestive of subclinical oligo-
symptomatic infection (febrile, asthenia, and adenopathy),
while another two exhibited typical feature of AVL, who
were diagnosed at the second incidence survey. Moreover,
following 2 months, the first incidence, a 3-year-old girl
who had showed low IFAT reactivity (80 IgG) with
negative LST, developed to typical feature of AVL; these
three AVL cases comprised an incidence of 0.37:1.000
inhabitants for the first year. During the second year, no
recorded AVL cases occurred.

Accumulated prevalence of human L. (L.) infantum chagasi
infection in the Santana do Cafezal village

Following these four surveys, there were diagnosed a total
of 231 cases of infection (120 at the prevalence and 111 at

Table 2 Age distribution of human L. (L.) infantum chagasi infection
at the prevalence, incidence, and accumulated prevalence surveys in
the Santana do Cafezal village, Barcarena municipality, Pará State,
Brazil (October/2003-December/2005)

Epidemiology surveys

Age
groupsa

Prevalence
(%)

Incidence
(%)

Accumulated prevalence
(%)

1–10 19.2 29.7 25.6
11–20 25.8 25.3 26.4
≥21 55 45 48

a years old

Table 3 Distribution of leishmanin skin test specificity of human L.
(L.) infantum chagasi infection at the prevalence, incidence, and
accumulated prevalence surveys in the Santana do Cafezal village,
Barcarena municipality, Pará State, Brazil (October/2003-December/
2005)

Immunological
procedure

Epidemiology surveys

LST intervals
(mm)

Prevalence
(%)

Incidence
(%)

Accumulated
prevalence (%)

5–8 24.6 27.5 25.9
9–12 19.8 24.2 21.8
13–15 14.1 12.0 13.2
≥16 41.5 36.3 39.1

Table 4 Distribution of indirect fluorescent antibody test specificity
of human L. (L.) infantum chagasi infection at the prevalence,
incidence, and accumulated prevalence surveys in the Santana do
Cafezal village, Barcarena municipality, Pará State, Brazil (October/
2003-December/2005).

Immunological
procedure

Epidemiology surveys

IFAT intervals
(IgG)

Prevalence
(%)

Incidence
(%)

Accumulated
prevalence (%)

80–160 21.8 40.0 30.6
320–640 53.1 50.0 51.6
1,280–2,560 18.8 6.7 13.0
5,120–10,240 6.3 3.3 4.8
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the three incidence surveys), giving an accumulated
prevalence of 24.4%. Moreover, the accumulated preva-
lence by LST, 20.8% (197 of 946), was higher (p<0.05)
than that by IFAT, 6.5% (62 of 946; Table 1).

Frequency according to sex, age, and LST and IFAT
specificity of the human L. (L.) infantum chagasi infection
accumulated prevalence in the Santana do Cafezal village

According to sex, the distribution of 231 cases of infection
showed no difference (p>0.05) between men (53.2%) and
women (46.8%), as well as in relation to all men, 21.6%
(123 of 568), and women, 28.5% (108 of 378), in the
sample examined. According to age, no difference (p>0.05)
was found between the younger age groups (1–10 × 11–
20 years old), 25.6% and 26.4%, respectively, although
both rates were lower (p<0.05) than that (48%) of the older
age group (≥21 years old), suggesting that a regular
distribution of infection exists in the two first decades of
life, with a progressive accumulation from the age 21 years
old (Table 2).

Regarding the distribution of infection according to LST
and IFAT specificity, it was found that, among the 197 LST
reactors, 39.1% had exacerbate reactivity, 13.2% strong,
21.8% moderate, and 25.9% weak reactivity, indicating that
more than half (52.3%) of infected individuals had
significant immunological resistance against infection
(Table 3). However, among the 62 IFAT reactors, 30.6%
showed low reactivity, 51.6% moderate, 13% strong, and
4.8% high reactivity (Table 4), confirming that most IFAT
reactors (82.2%) had low susceptibility to infection; among
51 cases with low IFAT reactivity, only one (1.9%)
developed to active AVL.

Discussion

This represents the first longitudinal study carried out in
Brazil which followed up a cohort of individuals with
different ages regarding the transmission dynamics of
human L. (L.) infantum chagasi infection by using two
immunodiagnostic methods, LST and IFAT, simultaneously.
As a result, this approach allowed to better estimate the real
prevalence and incidence of infection in the endemic area,
once the prior works regarding these epidemiology rates
have used either a T-cell immune response assay (e.g., LST)
or a humoral immune response assay (e.g., IFAT or ELISA,
principally), which has raised some difficulties concerning
a complete view of human immune response against the
infection (Badaró et al. 1986; Caldas et al. 2001, 2002;
Nascimento et al. 2005). In addition, these works have also
been limited to the epidemiology of infection in children up
to 15 years old, which underestimated the significance of

older individuals in the epidemiology of infection. In the
present study, however, it should be highlighted that the
study population consisted of a stable community with a
history of more than a century and composed of individuals
within at least four generations. The inhabitants have thus
had a long history of exposure to the transmission of L. (L.)
infantum chagasi infection which, quite likely, might have
stimulated the development of some degree of immunopro-
tection. Moreover, although a population of generally poor
people, their diet consists largely of fish and basic
agricultural products of fairly good nutritional value. For
this reason, although there is some evidence suggesting that
susceptibility to visceral leishmaniasis is strongly controlled
by genetic mechanism (Peacock et al. 2002; Blackwell et al.
2004; Jamieson et al. 2007), it is equally possible that
environmental and nutritional factors may also be influenc-
ing immune response.

With regards to a comparison between the two immu-
nodiagnostic methods, it was found that LST infection rates
were always higher (p<0.05) than those of IFAT, either in
the prevalence (11.2% × 3.4%) or in the three incidences, at
6 (4.7% × 0.6%), 12 (4.7% × 2.7%), and 24 months (2.9%
× 0.3%) of study, which indicated that among all infected
individuals (231), the great majority (85%) had a consistent
immunological character of resistance against the infection
(Jeronimo et al. 2007). This finding might also explain the
low prevalence (0.42%) and incidence (0.37 cases of 1,000
inhabitants) of acute AVL found in this study.

In any comparison, however, between the T-cell and
humoral responses of human L. (L.) infantum chagasi
infection, it must be regarded that results may be strongly
influenced by different methodological proceedings. There
are some prospective studies carried out in the northeastern
region of Brazil, in Bahia, and Maranhão states, principally,
which have used different antigens (soluble extract, crude
antigen, and a recombinant protein (rK39) of L. (L.)
infantum chagasi and a soluble extract of L. (L.) ama-
zonensis) for determining either the prevalence or the
incidence of infection by either LST or enzyme-linked
immunosorbent assay. Thus, as the diagnosis of infection is
not limited to a single type of immune response, it is
evident that both prevalence and incidence have under-
estimated the true epidemiology of infection in that region
(Badaró et al. 1986; Caldas et al. 2001, 2002; Nascimento
et al. 2005).

On the other hand, in an old focus of visceral
leishmaniasis in Sicily, Italy, where the disease is due to
Leishmania (Leishmania) infantum infantum, a promasti-
gote antigen of this parasite was used for LST diagnosis of
infection in differently age individuals, which showed a
prevalence of 16.6% (Pampiglione et al. 1975). This most
closely resembles the result of the present study (11.2% by
LST alone) and suggests similar transmission dynamics for
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the two subspecies L. (L.) infantum chagasi and L. (L.)
infantum infantum.

The diagnosis of infection based on both LST and IFAT
assays, simultaneously, allowed to find a prevalence of
12.6%, which showed to be a new finding for Brazil.
Regarding distribution of cases by sex, the result of 55.8%
men and 44.2% women showed no significant difference. It
was also of interest that the youngest age groups of 1–10
and 11–20 years old showed similar infection rates of
19.2% and 25.8%, respectively, being both smaller than that
(55%) of the older age group (≥21 years old). The
prevalence progressively increased with age, a fact also
characteristic of human infection with L. (L.) infantum
infantum in Sicily, Italy, which is only indicating that older
people have had more time of exposure to infection than
younger people (Pampiglione et al. 1975).

The specificity of the two tests showed that, among 106
LST reactors at the prevalence, 56.6% had an important
degree of hypersensitivity, suggesting that a considerable
number of individuals might have received repeated bites of
infected sand flies over a long period. This should be
considered in any future vaccination control program. On
the other hand, it was noted that, among 32 IFAT reactors,
only 25% had shown a susceptibility profile to L. (L.)
infantum chagasi infection through their high IFAT titers
ranging from 1,280 to 10,240 (IgG). Thus, the great
majority (75%) had shown low IFAT reactivity from 80 to
640 (IgG), indicating that only few cases with humoral
response had some degree of predisposition for developing
AVL, which was confirmed in only 12.5% (four cases) of
IFAT reactors.

With regards to the incidence, it should be emphasized
that the differences found in the three surveys at 6 (5.2%),
12 (6.3%), and 24 (3.6%) months were not of any statistical
significance (p>0.05), which suggested that the infection
transmission during the 24 months may have stabilized and
was without oscillation. Nevertheless, if the incidence had
been evaluated in two periods of 12 months, the first would
be 11.5% and the second 3.6%, thus showing that in the
first year there was a higher rate of transmission (p<0.05)
than that occurred in the second year. This may, in part,
have an explanation in the results of control measures
involving the elimination of IFAT-positive dogs in the study
area. This not only decreased the canine infection rates
from 43.8% in the first year to 29% in the second (Pereira
et al. 2006), as well as may have also decreased human
infection rates from 11.5% in the first year to 3.6% in the
second. Thus, although it is not the subject to discuss the
merits of culling seropositive dogs, advocated by the
Brazilian Ministry of Health (Brasil 2003), these figures
seem to support this type of control measure.

The distribution by sex among the 111 new cases of
infection was 47.7% men and 52.3% women, with no

significant difference (p>0.05). When these cases were
analyzed by age group, it was noted that the youngest age
groups of 1–10 and 11–20 years old had shown no
significant difference (p>0.05) in their infection rates of
29.7% and 25.3%, respectively, but that both rates were
lower than that 45% of the older age group of ≥21 years
old. When combined, however, the infection rates of the
two young groups totaled 55% of the incidence, indicating
that, contrary to the prevalence profile, these cases were
more frequent in the young groups and occurred principally
in the children of 1–10 years (almost 30%). This finding
correlates well with previous observations in the Brazilian
Amazon region which have shown that transmission of L.
(L.) infantum chagasi to man is principally intra-domicil-
iary or peridomestic, where children are particularly
vulnerable (Lainson and Rangel 2003, 2005; Lainson and
Shaw 2005; Silveira et al. 1997).

With regards to the LST in determining the incidence,
there was no significant difference between 48.3% with
exacerbated or strong positive reactions and 51.7% with
moderate or weak reactions. This contrasted with the
predominance of very strong reactions (56.6%) found in
the prevalence survey, which suggests that the LST
reactivity might be influenced by the exposure time of
persons to the successive inoculation of the parasite by
repeated bites of infected sandflies and indicates that, in any
vaccination program, it is advisable to give repeated doses
at regular intervals in order to maintain a good level of
immunoprotection.

Among the 30 IFAT reactors, 90% presented moderate to
weak positive results (80–640 IgG) and a low susceptibility
to infection, although 2 months following the first inci-
dence survey, one of these cases with a negative LST and a
positive IFAT (80 IgG) reactions had evolved to typical
AVL. Among the remaining 10% with high IFAT reactions
(≥1,280 IgG), two cases were typical acute AVL, and
another had a subclinical oligosymptomatic infection; all
seven AVL cases diagnosed in this study (four at the
prevalence and three during the incidence surveys) have
received antimony therapy in accordance with the Brazilian
AVL control program (Brasil 2003), while the subclinical
oligosymptomatic cases have only been clinically followed
up for confirming their self-healing. These findings have
also confirmed that IFAT using L. (L.) infantum chagasi
amastigote antigen is very efficient for determining human
susceptible infection with this parasite (Lima et al. 2003).

In spite of a loss of 94 individuals from the original
sample (946 individuals) of this study, it was possible to
show that the accumulated prevalence of 20.8% by LST
was higher than that of 6.5% by IFAT, indicating a LST/
IFAT ratio of 3.2:1. In other words, there were three times
more resistant individuals than susceptible in the endemic
area. Moreover, when all LST and IFAT diagnosed cases
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were considered together, there was found an accumulated
prevalence of 24.4% for the 2 years study.

In conclusion, the above commented results have raised
speculations regarding the possibility that either the control
measures or certain environmental or ecological factors
may have influenced the incidence of human L. (L.)
infantum chagasi infection transmission in the endemic
area of this study, leading this infection rate from 11.5% in
the first year to 3.6% in the second year, although it has
been recorded that most (55%) cases have occurred in the
two first decades of life, principally in first one (almost
30%), confirming prior findings on the transmission of this
parasite in the Amazon region of Brazil.
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Abstract This was a prospective study carried out during a
period over 2 years (May/2006–September/2008) with a
cohort of 1,099 individuals of both genders, aged 1 year old
and older, from an endemic area of American visceral
leishmaniasis (AVL) in Pará state, Brazil. The object was to
analyze the prevalence and incidence of human Leishmania
(L.) infantum chagasi infection as well as the dynamics
evolution of its clinical-immunological profiles prior identi-
fied: (1) asymptomatic infection (AI); (2) symptomatic infec-
tion (SI=AVL); (3) sub-clinical oligosymptomatic infection
(SOI); (4) sub-clinical resistant infection (SRI) and; (5)
indeterminate initial infection (III). The infection diagnosis
was performed by using both the indirect fluorescent anti-
body test and leishmanin skin test with amastigotes and

promastigotes antigens of L. (L.) i. chagasi, respectively.
A total of 187 cases of infection were recorded in the
prevalence (17%), 117 in the final incidence (6.9%), and 304
in the accumulated prevalence (26.7%), which provided the
following distribution into the clinical-immunological pro-
files: AI, 51.6%; III, 22.4%; SRI, 20.1%; SOI, 4.3%; and
SI (=AVL), 1.6%. The major finding regarding the dynamics
evolution of infection was concerned to III profile, from
which the cases of infection evolved to either the resistant
profiles, SRI (21 cases, 30.8%) and AI (30 cases, 44.1%), or
the susceptible SI (=AVL; 1 case, 1.5%); the latter 16 cases
remained as III till the end of the study. These results
provided the conclusion that this diagnostic approach may be
useful for monitoring human L. (L.) i. chagasi infection in
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endemic area and preventing the high morbidity of severe
AVL cases.

Introduction

Recently, the interaction between Leishmania (L.) infantum
chagasi (Lainson and Rangel 2005) or Leishmania chagasi
(Cunha and Chagas 1937), the etiological agent of
American visceral leishmaniasis (AVL), and the human
immune response has received reasonable attention in
viewing of its importance regarding the clinical and
immunological spectrum that may result from this interac-
tion. In this way, a better understanding on the repertory of
immune responses which can give rise to this clinical-
immunological spectrum of human L. (L.) i. chagasi
infection is also of interest. Taking these considerations
into account, it has been suggested that the clinical spec-
trum may range from an asymptomatic stage of infection in
resistant individuals, which have an efficient T-cell immune
response (delayed-type hypersensitivity, lymphocyte prolif-
eration, and high interferon-gamma response) towards to a
symptomatic stage in susceptible ones, in which a specific
immune-suppression of these T-cell responses may lead to
classic AVL (Holaday et al. 1993; Vinhas et al. 1994).
Nevertheless, between these two polar stages of infection,
there are some individuals showing an intermediary
immune-genetic profile which has been considered as a
sub-clinical oligosymptomatic stage, in which the clinical
and immunological features have not yet clearly defined
(Pearson and Souza 1996; Costa et al. 1999).

In Brazil, although some studies have been carried out
with the aim of a better understanding on the clinical-
immunological spectrum of human L. (L.) i. chagasi
infection, these investigations have, unfortunately, been
based either on the specific antibody response, or on the
delayed-type hypersensitivity response of infected indi-
viduals, which has raised some difficulties concerning a
complete view of the immune response against infection
(Badaró et al. 1986a; Gama et al. 2004; Jeronimo et al.
2000). In other words, these studies have generally used
either a serological, such as the enzyme-linked immuno-
sorbent assay, or a T-cell method, like the leishmanin
skin test (LST), for diagnosing active L. (L.) i. chagasi
infection, which has underestimated the possibility that
some infected individuals living in endemic areas can
express both immune responses, the humoral and T-cell
responses, against infection.

Recently, however, we have shown the capacity of both
indirect fluorescent antibody test (IFAT) and LST for
diagnosing human L. (L.) i. chagasi infection in AVL-
endemic area (Silveira et al. 2009a). This diagnostic
approach was based in a high specificity of L. (L.) i. chagasi

antigens used for IFAT (amastigotes) and LST (promasti-
gotes), which also provided the identification of the largest
clinical-immunological spectrum of human L. (L.) i. chagasi
infection in Amazonian Brazil, consisted in the following
profiles of infection: (1) asymptomatic infection (AI), (2)
symptomatic infection (SI=AVL), (3) sub-clinical oligo-
symptomatic infection (SOI), (4) sub-clinical resistant
infection (SRI) and, (5) indeterminate initial infection (III)
(Crescente et al. 2009).

Regarding the above findings, we considered of interest
to present further evidences on this diagnostic approach for
monitoring human L. (L.) i. chagasi infection, which
resulted from a prospective study over a 2-year period
realized in AVL-endemic area in Cametá municipality, Pará
state, Brazil; it reinforced the efficacy of this diagnostic
approach, mainly for diagnosing the clinical-immunological
profile III, which consists in early asymptomatic cases of
infection but with potential for developing active AVL.
The relevance in diagnosing early cases of infection for
preventing the high morbidity of severe AVL cases is
discussed here.

Materials and methods

Study area and population

This study was carried out in four small villages (Ajó,
Vacaria, Vacajó, and Enseada) in Cametá municipality
(01°56′S:54°45′W), northeastern Pará state, Brazil, which
is situated on the border of the river Tocantins (Fig. 1). The
climate is typically equatorial, with an average temperature
of 28°C and high humidity. The annual rainfall in the
region is of 2.500 mm or more, with the period from
January to June forming the principal rainy season.
Following extensive destruction of the primary forest, the
area now consists mainly of plantations, with occasional
patches of developing secondary forest. Approximately
70% of the inhabitants occupy wooden houses in the non-
flood land, which is surrounded by a secondary forest,
while the rest lives in the “várzea”, an area of low
vegetation which is flooded twice daily by waters of
the river Tocantins. Thus, the climate and environment
conditions of this area are very similar to those found in
Barcarena municipality, Pará state, at about 150 km
distant from this study area in Cametá municipality,
where we have prior studied the transmission dynamics
of human L. (L.) i. chagasi infection (Silveira et al.
2009a).

The population enrolled in this study consisted in a
cohort of 1,099 individuals (92.2% of total population),
being 596 males and 503 females aged between one (min.)
to 84 (max.) years old, with a median age of 24.4 years old,
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characterizing to be a relatively younger population. When
the study began, the number of inhabitants in the area was
estimated to be 1,192 (Instituto Brasileiro de Geografia e
Estatística 2004).

Study design

Regarding that the present study had been performed to
analyse the prevalence and incidence of human L. (L.)
i. chagasi infection as well as the dynamics evolution of its
clinical-immunological profiles of infection, it was neces-
sary to design a prospective study to follow-up a cohort
(1,099 individuals) during a period of over 2 years (May/
2006–September/2008). Thus, the IFAT and LST were

chronologically used at the same time points in the
prevalence and incidence surveys; i.e., for all individuals
previously selected for the prevalence and, for the follow-
ing two incidences, at 12 and 24 months, these tests were
only performed on those individuals that were negative
either in the prevalence or in prior incidence surveys. In this
way, in cases of reactivity by LST alone, which represents
a genetic characteristic of immunological resistance to
infection (Jeronimo et al. 2007), these individuals were
removed from subsequent LST surveys, similar to that
proposed in a longitudinal study in Sudan (Zijlstra et al.
1994). Moreover, in cases revealing reactivity for both
tests, the individuals were tested only by IFAT. Finally, in
cases of reactivity by IFAT alone which, in contrary to
LST, represents an immunological status of susceptibility
to infection, the individuals remained under investigation
by both tests, with the aim of analyzing the evolution of
both immune responses. For a number of different reasons,
such as holidays or travel, a loss of almost 5% (54
individuals) of original sample occurred over the 2-year
follow-up period. In addition, the total population was also
divided into three age groups; 1–10, 11–20, and ≥21 years
old, consisting of 303, 252, and 544 individuals, respec-
tively, with the aim of analyzing the age distribution of
infection.

Clinical evaluation of infected individuals

All individuals presenting any type of immune reaction,
either by LST and/or by IFAT, were clinically examined (a
physical examination) in order to identify any signs and/or
symptoms that could be recognized as classical features of
AVL, as well as those symptoms (fever, asthenia, pallor,
and slight hepatomegaly or spleenomegaly) prior associated
to sub-clinical oligosymptomatic infection (Crescente et al.
2009); only cases with typical features of AVL received
conventional antimony therapy, as recommended by the
Brazilian AVL control program (Brasil 2003). The sub-
clinical oligosymptomatic cases were, in principle, only
followed-up during 2- to 3-month period to confirm their
spontaneously clinical resolution, which has also been
observed in a prospective study carried out in Maranhão
state, Brazil (Gama et al. 2004).

Criteria for identification of human infection

Regarding that IFAT evidences, humoral response (suscep-
tibility) and LST T-cell response (resistance; Awasthi et al.
2004), the definition of human L. (L.) i. chagasi infection
case was assumed to be the reactivity to either one or both
immunological tests. However, considering that human
“HIV” co-infection could interfere with this diagnostic
approach, it is important to state that up to the onset of the

PARÁ
STATE

Railroad PA-150

Fig. 1 Geographic localization of Cametá municipality, Pará state,
Amazonian Brazil
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study, no case of human “HIV” infection had been recorded
in the study area by the Health Care Secretary of Cametá
municipality.

Moreover, considering the importance in revealing the
specificity of IFAT and LST, a scale of semi-quantitative
results was used with scores varying from + to ++++, as
follows: for IFAT, serological titers (IgG) with 80–160 and
320–640 received + and ++ and those with 1,280–2,560
and 5,120–10,240, +++ and ++++, respectively. For
LST, exacerbated skin reactions (≥16 mm) were regarded
as ++++, strongly positive (13–15 mm) as +++, moderately
positive (9–12 mm) as ++, and weakly positive (5–8 mm)
as + (Silveira et al. 2009a). Thus, it was assumed that
serological reactions with 80 (IgG) titer and skin reactions
forming indurations with ≥5 mm in diameter were regarded
as positive cut-off for IFAT and LST, respectively (Lima et
al. 2003; Silveira et al. 1991, 1998). In addition, combining
the clinical status of infected individuals with this semi-
quantitative scale of scores for LST and IFAT, it was
possible to identify the following clinical-immunological
profiles of infection: (1) AI (LST+/++++ and IFAT-), (2)
SI=AVL, and (3) SOI with the same immune profile (LST−
and IFAT+++/++++), (4) SRI (LST+/++++ and IFAT+/++),
and (5) III (LST− and IFAT+/++; Crescente et al. 2009).

Immunological tests procedures

The proceedings for LST and IFAT were the same as those
prior described (Crescente et al. 2009; Silveira et al. 2009a).

Data analysis

The data obtained were analyzed by Bio-Estat 4.0 software
(Ayres et al. 2004) and the X2 and binomial tests were used
to determine the significance of differences between the

clinical-immunological profiles of infection with a confi-
dence interval of 95% (p value <0.05).

Results

Distribution of clinical-immunological profiles of human
L. (L.) i. chagasi infection regarding the prevalence

The actual prevalence of infection was 17% (187 cases/
1,099 individuals), which means 90 cases of infection
diagnosed only by LST (AI profile), 54 by IFAT (SI profile,
four; SOI profile, nine; and III profile, 41), and 43 by both
LST and IFAT (SRI profile). The distribution of clinical-
immunological profiles revealed a greater (p<0.05) fre-
quency of AI profile (48.1%) over other profiles; SRI
(23%), III (22%), SOI (4.8%), and SI=AVL (2.1%; Table 1),
and showed that frequencies of SRI and III profiles were
also higher (p<0.05) than those of SOI and SI, although
there were no differences (p>0.05) between the frequencies
of SRI versus III, and SOI versus SI profiles. These results
have also shown that within the prevalence survey, the great
majority (93%/174) of infected individuals was asymptom-
atic (AI, SRI, and III profiles).

Distribution of clinical-immunological profiles of human
L. (L.) i. chagasi infection regarding the incidences

The first incidence (12 months) of infection was 7.2% (64
new cases/892 non-infected individuals from the preva-
lence), which represented 28 cases of infection diagnosed
only by LST (AI profile), 21 by IFAT (SOI profile, four and
III profile, 17), and 15 by both LST and IFAT (SRI profile).
The distribution of these profiles revealed again a greater
(p<0.05) frequency of AI profile (43.7%) over other
profiles; III (26.6%), SRI (23.4%), and SOI (6.3%; Table 1).

Table 1 Frequency rates of clinical-immunological profiles of human L. (L.) i. chagasi-infection in the prevalence, incidence, accumulated
prevalence and final evolution of infection in Cametá municipality, Pará state, Amazonian Brazil

Surveys Clinical-immunological profiles

Number (%)

AI SI SOI SRI III

Prevalence (n=187 cases) 90 (48.1) 4 (2.1) 9 (4.8) 43 (23.0) 41 (22.0)

Incidence (12 months) (n=64 cases) 28 (43.7) – 4 (6.3) 15 (23.4) 17 (26.6)

Incidence (24 months) (n=53 cases) 39 (73.6) 1 (1.8) – 3 (5.7) 10 (18.9)

Final incidence (n=117 cases) 67 (57.3) 1 (0.8) 4 (3.4) 18 (15.4) 27 (23.1)

Accumulated prevalence (n=304 cases) 157 (51.6) 5 (1.6) 13 (4.3) 61 (20.1) 68 (22.4)

Final evolution (n=304 cases) 238 (78.3) 1 (0.3) 3 (1.0) 46 (15.1) 16 (5.3)

AI asymptomatic infection, SI symptomatic infection (AVL), SOI sub-clinical oligosymptomatic infection, SRI sub-clinical resistant infection, and
III Indeterminate initial infection
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There was no case of SI profile (=AVL) amongst new cases
of infection within the first year of study. These findings
have also shown that frequencies of III and SRI profiles
were higher (p<0.05) than that of SOI profile, although
there was no difference (p>0.05) between the frequencies
of III versus SRI profiles (p>0.05).

The second incidence (24 months) of infection was 6.6%
(53 new cases/763 non-infected individuals from prior
incidence); this also represented 39 cases of infection
diagnosed only by LST (AI profile), 11 by IFAT (SI profile,
one and III profile, ten), and three by both LST and IFAT
(SRI profile). The distribution of these profiles showed
again a greater (p<0.05) frequency of AI profile (73.6%)
over other profiles; III (18.9%), SRI (5.7%), and SI (1.8%;
Table 1). Thus, there was no case of SOI profile amongst
new cases of infection within the second year of study.
These findings have also shown that frequency of III profile
(18.9%) was higher (p<0.05) than those of SRI (5.7%) and
SI (1.8%), and finally, that frequency of SRI profile was
also higher (p<0.05) than that of SI.

In summary, these surveys have recorded a final incidence
of 6.9% for both two years period with 117 new cases of
infection which were classified in a decreasing order, as
follows: AI profile recorded the greatest (p<0.05) frequency
(57.3%), followed by III (23.1%), SRI (15.4%), SOI (3.4%),
and SI=AVL (0.8%; Table 1). Thus, these results have
shown again that the great majority (95.7%/112) of infected
individuals in the incidence surveys were also asymptomatic
(AI, III, and SRI profiles).

Distribution of clinical-immunological profiles of human
L. (L.) i. chagasi infection regarding the accumulated
prevalence

Following these three surveys (prevalence and two inci-
dences), a total of 304 cases of human L. (L.) i. chagasi
infection were recorded with an accumulated prevalence of
27.6%; AI profile was the most frequent (51.6%), followed
by III (22.4%), SRI (20.1%), SOI (4.3%), and SI=AVL
(1.6%) profiles (Table 1).

Age distribution of clinical-immunological profiles
of human L. (L.) i. chagasi infection within the prevalence
and incidence surveys

Regarding the prevalence (187 cases), it was noted that
within the 1–10-year age group (23%/43 cases) there was
no difference (p>0.05) amongst the frequencies of AI
(30.2%/13), SRI (30.2%/13), and III (25.6%/11) profiles,
which were higher (p<0.05) than those of SI (9.3%/4) and
SOI (4.7%/2) profiles. Besides this, it was also observed
that within the 11–20-year age group (23.5%/44 cases),
there was no difference (p>0.05) between the frequencies

of AI (47.7%/21) and III (34.1%/15) profiles, which were
higher (p<0.05) than those of SRI (13.6%/6) and SOI
(4.6%/2) profiles. At last, within the ≥21-year age group
(53.5%/100 cases), it was noted that the frequency of AI
profile (56%/56) was higher (p<0.05) than those of other
profiles; SRI (24%/24), III (15%/15), and SOI (5%/5).

With regards to the incidence (117 cases), it was observed
that most cases were recorded within the two smallest age
groups; (1) in the 1–10-year age group (43.6%/51 cases) the
AI profile presented a higher (p<0.05) frequency (58.8%/
30 cases) than those of III (27.5%/14 cases), SRI (5.9%/
3 cases), SOI (5.9%/3 cases), and SI=AVL (1.9%/1 case)
profiles; (2) in the 11–20-year age group (37.6%/44 cases)
the AI profile showed again a higher frequency (68.2%/
30 cases) than those of SRI (18.2%/8 cases) and III (13.6%/
6 cases) profiles.

Dynamics evolution of clinical-immunological profiles
of human L. (L.) i. chagasi infection

The dynamics evolution of infection was based in the
clinical-immunological profiles recorded in all three sur-
veys, but only those from the prevalence and first incidence
(12 months) were really follow-up, once those from the
second incidence (24 months) could not be follow-up.
Thus, regarding III profile (IFAT+/++ and LST–) as the
earliest stage of infection, it was observed that amongst 68
(22.4%) cases recorded (41 in the prevalence and 27 in the
incidence), 21 (30.9%) evolved to SRI profile, 30 (44.1%)
to AI, one (1.5%) to SI (=AVL) and, 16 (23.5%) have
conserved their original profile till the end of study. With
regards to 61 cases (20.1%) of SRI profile (IFAT+/++ and
LST+/++++), 43 in the prevalence and 18 in the incidence,
it was noted that 47 (77%) changed to AI profile and, 14
(23%) have maintained their original profile; however,
considering that 21 cases from III, eight from SOI, and
three from SI (=AVL cases successful treated) profiles have
also evolved to SRI profile, this provided a final evolution
rate of infection of 15.1% (46 cases) to SRI profile. In
relation to SOI profile (IFAT+++/++++ and LST−), which
recorded 13 (4.3%) cases of infection (nine in the prevalence
and four in the incidence), it was observed that eight (61.5%)
cases developed to SRI, two (15.4%) to AI, and three
(23.1%) have kept their original profile. Moreover, amongst
five (1.6%) AVL (SI profile) cases (IFAT+++/++++ and
LST−), four in the prevalence and one in the incidence, the
antimony treatment carried out three (60%) cases to SRI
profile, one (20%) to AI, and the last one (20%) although has
retained its original immune response has also became
clinically asymptomatic. Finally, with regards to 157
(51.6%) cases of AI profile (LST+/++++ and IFAT−), 90 in
the prevalence and 67 in the incidence, it was noted that even
these cases did not change their clinical status once they
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