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Abstract. Lymphadenopathy is an early clinical sign in cutaneous leishmaniasis (CL), caused by Viannia parasites,
and may help to understand the initial host response to these species of Leishmania. We report on characteristics of cells
obtained from lymph nodes from cutaneous leishmaniasis patients with lymphadenopathy without ulceration (early
phase, N ⳱ 21) or lymphadenopathy and ulceration (late phase, N ⳱ 29). Early-phase patients exhibited a higher
proportion of neutrophils, eosinophils, and CD8+ T cells. Conversely, CD19+ B lymphocytes and plasma cells were more
frequently observed in late-phase patients. The signal for IL-10 was significantly higher in late-phase patients; signals for
IFN-␥ or IL-4 were similar in both groups. These data reinforce observations of an initial mixed Th1–Th2 profile as well
as the early role of the CD8 T cell in cutaneous leishmaniasis. Additionally, there is a chronologic relationship between
ulcer development and B-cell increase. IL-10 also increases at a late stage and may be important in limiting tissue
damage.
characterize the cells—morphologically and phenotypically—
from the LN in the course of human CL, we performed fine
needle aspiration of enlarged LNs in patients with CL infected by L. braziliensis at varying stages of the disease and
immunologic alterations were compared.

INTRODUCTION
Cutaneous leishmaniasis (CL) is a vector-borne disease
that represents a large burden to public health systems in
developing countries. In endemic areas, widely distributed in
tropical zones, early diagnosis is essential to reduce the harm
the disease can do. We have previously demonstrated that
efficient parasitological diagnosis can be made by needle aspiration of the lymph node (LN) from individuals suspected
to be infected with Leishmania (L.) braziliensis, even before
ulcers have been documented.1,2
Lymphadenopathy is observed in the early phases of human CL.1–3 Enlarged satellite LNs in patients who already
display a cutaneous ulcer have been reported in both the Old
and New Worlds.4–6 A bubonic form of leishmaniasis, with
persistently enlarged LNs, has also been described.7 Moreover, a transitory lymphadenopathy can sometimes be the
sole manifestation of L. braziliensis infection.2 LNs are described as important for parasite containment because the
removal of regional LNs leads to faster and more disseminated disease in mice.8 These lymphoid tissues are also an
early site of immune reaction,9 with cytokine production that
may influence the outcome of the infection.
Experimental models of leishmaniasis have been successful
in demonstrating that susceptibility and resistance are determined by the differential expression of Th1 or Th2 cell
types.10 Leishmania survival depends on the balance of activating or deactivating cytokines acting on lymphocytes and
macrophages.11 As major sites of immune response and lymphocyte trafficking, LN cell composition may reflect the balance of the different cell populations acting in the initial
stages of CL. Moreover, in humans, differences in clinical
presentation have also been described in patients with and
without lymphadenopathy.3 CL patients with lymphadenopathy display higher antibody titers and larger delayed-type hypersensitivity (DTH) reactions than those who have had the
disease for a similar length of time but without LN enlargement.1,2 Little is known, however, of the LN cell composition
in human CL at different phases of the disease. To better

METHODS
We performed fine needle aspiration of enlarged LNs from
51 patients with clinical aspects of CL from an endemic area
of Bahia, Brazil (general demographic data: 38 male; age
range 9–62 years old, mean 24.8 years). All patients had test
results that were positive for lymphadenopathy in a parasitological test carried out by microscopic examination of LN
smear and primary isolation by in vitro culture of aspirated
material as previously described.2 Serodeme analysis was performed by an indirect immunofluorescence assay using a
panel of anti-Leishmania monoclonal antibodies specific for
members of the L. braziliensis, L. mexicana, and L. donovani
species already described.12–14 Patients were evaluated and
clinical examinations were performed focusing on clinical
characteristics of the enlarged LN; detection of skin ulcers,
duration of disease, and response to therapy were also noted.
In addition to the parasitological diagnosis, the enrollment
criteria were: presence of a palpable LN; fewer than 6 skin
lesions (in those presenting skin ulcers on initial physical examination); absence of mucosal or visceral involvement; and
absence of bacterial infection at the LN confirmed by culture.
Informed consent was obtained from all patients enrolled,
and this study was approved by Research Ethics Committee
of the Hospital Universitário Professor Edgard Santos (Universidade Federal da Bahia).
Approximately 200 L of aspirated material was aseptically
obtained. The total number of cells obtained through fine
needle aspiration varied, ranging from 1.8 × 106 to 1.9 × 107
cells. From each volunteer, 1 × 106 cells were resuspended in
1 mL of RPMI 1640 (Gibco, Grand Island, NY) containing
5% of heat-inactivated calf fetal serum; 100 L of cells suspension was centrifuged at 800 rpm for 10 minutes (Cytospin
2, Shandon Inc., Pittsburgh, PA) and stained with Diff-Quick
stain set (American Scientific Products, McGraw Park, IL)
for microscopic examination by two observers. Differential
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counting was performed for each 100 cells by optical microscopy (×1000). Qualitative alterations were registered and reported.
A total 106 cells/ mL obtained from LN aspiration of each
volunteer were incubated with a panel of fluoresceinated
monoclonal antibodies (Pharmingen, CA) for 30 minutes at
4°C as follows: anti-CD3 (30104X), anti-CD4 (30154X), antiCD8 (30325X), anti-CD19 (30664X), anti-CD56 (31665X),
and anti-CD1␣ (30169X). Control cells for cytometric analysis were incubated with isotype antibodies (fluoresceinconjugated IgG1, IgG2a, and IgG2b—Pharmingen, CA). Unlabelled cells were also used as cytometric analysis control in
some assays. Afterward antibody incubation-labeled cells
were washed 3 times in phosphate buffer saline and then
analyzed by flow cytometry and CellQuest software v3.3
(Becton Dickinson, CA). At least 20,000 events were analyzed per sample.
Total RNA was isolated from LN cells without in vitro
antigen stimulation using the RNAzolB (Tel-Test, Friendswood, TX). Briefly, phorbol myristate acetate (PMA)stimulated cell pellets from the LN aspirates or control
samples (peripheral blood mononuclear cells) from normal
individuals were resuspended in RNAzol B. After the addition of chloroform, the samples were centrifuged and the
aqueous phase, containing the RNA, was collected. The RNA
present in the aqueous phase was precipitated with isopropanol and washed twice with ethanol and then resuspended in
diethylpyrocarbonate-treated water. All samples were frozen
at −90°C until validation tests. The RNA concentration was
determined spectrophotometrically and its integrity evaluated
through electrophoresis in 2% agarose gel as previously described. One microgram of total RNA was reverse transcribed by standard protocols.15 Aliquots of 2 g of each
sample were submitted to reverse transcription (Superscriptase II, BRL Life Technologies, Grand Island, NJ) and
primed with oligo(dT)12–18 (Pharmacia, Piscataway, NY) as
described. After termination of the reaction by incubating at
90°C for 5 minutes, 2 U Ribonuclease H was added to each
tube to eliminate any RNA-cDNA strands. The same protocol was performed with positive and negative controls (reagent mixture without RNA). The cDNA was then stored at
−70°C before amplification. Five microliters of 1:20 cDNA of
each sample (after normalization to ␤-actin gene) were am-

plified for IFN-␥, IL-4, IL-10, TGF-␤, TNF-␣, and IL-12 in a
20 L mixture containing 200 M dNTPs, 0.2 uM of 3⬘ and 5⬘
external primers, 2.25 mM MgCl2, 1x Gene Amp PCR buffer,
and 1.25 units of AmpliTaq DNA polymerase (Perkin-Elmer/
Cetus, Norwalk, CT). A cDNA sample from a peripheral
mononuclear cell of a normal individual stimulated by phorbol myristate acetate (PMA) was included as a positive control for cytokine expression for each PCR reaction. Furthermore, a reagent mixture without cDNA was used as negative
control. Cycling parameters for ␤-actin, IFN-␥, IL-4, IL-10,
IL-12, TGF-␤, and TNF-␣ were 30 cycles at the following
temperatures: 94°C for 1 minute, 60°C for 1 minute, 72°C for
1 minute, and 30 seconds in a thermal cycler reactor (PerkinElmer /Cetus, Norwalk, CT).
The statistical package Epi-Info 6.0 (USD, Inc., Stone
Mountain, GA) was used for data analysis. Categorical data
were compared using the 2 test with Yates’ correction or
Fisher’s exact test, and continuous data were compared using
the Mann-Whitney U test or Kruskall-Wallis test. Linear regression analysis was used to compare the duration of ulcer
and immunologic or cytologic parameters. A P value of < 0.05
was considered statistically significant.
RESULTS
In 22 patients lymphadenopathy was observed prior to skin
lesion development (early phase) whereas in 29 the lymphadenopathy occurred after reporting the appearance of skin lesions (late phase). L. braziliensis was isolated in all aspirate
samples collected. The number of enlarged LNs varied from
one to three (mean 1.4 ± 0.6 [SD]), with a mean size of 4.2 ±
1.9 cm (range: 1–10 cm). Contrary to prior work carried out
by our group,2 all early-phase patients in this series displayed
skin ulcers at various times post diagnosis. The duration of
ulcer lesions was 36.2 ± 29.8 days for all patients. The skin
lesions of 16 patients lasted less than 30 days, 24 patients
between 30 and 60 days, and 11 patients more than 60 days.
The lesion distribution was predominantly below the diaphragm (83.3%). The history of regional LN enlargement
prior to the appearance of skin ulcers in the early phase
groups was variable (mean 15.3 ± 5.1 days; range: 7–20 days).
There were no differences between the groups regarding
clinical response to specific therapy (Table 1). The demo-

TABLE 1
Demographic and clinical features of the patients studied
Feature

Early phase

Late phase

Total

Number of patients
Age mean (range)
Male
Lymph node size (cm) mean ± SD
Referred duration of lymphadenopathy before
lesion development in days (mean ± SD)
Duration of skin lesion in days (mean ± SD)
Location of the skin lesion (%)
Above the diaphragm
Below the diaphragm
Both sides of the diaphragm
Therapy response
Cured
Uncured/relapse

22
22.5 (9–43)
15 (68.2%)
4.0 ± 1.5

29
26.5 (12–62)
23 (79.3%)
4.4 ± 2.0

51
24.5 (9–62)
38 (74.5%)
4.2 ± 1.9

15.3 ± 5.1
35.4 ± 25.3

NR
39.2 ± 25.5

NA
36.2 ± 29.8

2 (9.0%)
18 (82%)
2 (9.0%)

4 (14.0%)
24 (82.5%)
1 (3.5%)

6 (12.5%)
39 (83.3%)
3 (4.2%)

SD, standard deviation; NR, not referred; NA, not applicable.

19
3

25
4

44
7
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TABLE 2
Differential cell morphology in lymph node aspirates of cutaneous leishmaniasis patients
Group

Lymphocytes*

Plasma cells*

Monocytes*

Neutrophils*

Eosinphils*

Lymphadenopathy without skin lesion (n ⳱ 11)
Lymphadenopathy with skin lesion (n ⳱ 9)

87.9 ± 11.3
90.4 ± 0.8

0.8 ± 0.8†
1.8 ± 3.9†

4.6 ± 4.3
5.7 ± 5.3

4.3 ± 7.7†
1.4 ± 1.9†

2.2 ± 4.5†
0

* Percent distribution; mean ± SD.
† p < 0.05 between the two groups (mann-Whitney U test).
Cell suspension from lymph node aspirates of each volunteer was centrifuged and stained with Diff-Quick stain set for microscopic examination by two observers. Differential counting was
performed for each 100 cells by optical microscopy (×1000).

graphic and clinical features of the patients studied are summarized in Table 1.
To better characterize the observed patterns of lymphadenopathy, LN cellular analysis was performed in 11 patients
in the early phase and in 9 patients in the late phase of CL,
sorted randomly in each group (Table 2). Patients in the early
phase exhibited a higher proportion of neutrophils and eosinophils when compared with patients in late phase (4.3 ± 7.7
versus 1.4 ± 1.9 and 2.2 ± 45 versus none, respectively, P <
0.05). Patients in the late phase presented a higher proportion of plasma cells compared with patients in the early phase
(1.8 ± 3.9 versus 0.8 ± 0.8, P < 0.05). Lymphocytes predominated in both groups with no statistically significant difference
between groups. The two groups also failed to differ in the
proportion of monocytes (Table 2). A number of qualitative
morphologic alterations were observed in the cytologic analysis of LN aspirates, such as giant cells (7/20; 35%), foam cells
(2/20; 10%), and granuloma-like formation (1/20; 5%), without any distinction between the two groups. Early-phase patients exhibited a higher proportion of CD8+ T cells compared with patients in the late phase (18.5 ± 10.7 versus
10.9 ± 3.6 respectively, P < 0.05, Table 3). B lymphocytes
(CD19+), on the other hand, predominated in patients in the
late phase in relation to patients in the early phase (47.9 ±
11.2 versus 29.3 ± 17.4 respectively, P < 0.05). No differences
were observed in CD56, CD1a, CD3, or CD4 expression
among the groups studied.
To assess whether diverse LN cellular constitution displayed by different clinical manifestations of CL correlates
with cytokine patterns, cytokine gene expression by RT-PCR
was performed in LN cells of 10 early-phase patients and 9
late-phase patients. For these experiments, patients were randomly sorted. No IL-10 expression was observed in any of the
10 patients in the early phase, however, a remarkable IL-10
gene expression was observed in 8 of the 10 late-phase patients (one had a moderate signal and the other a low signal)
(Figure 1A). Expression of IL-4 was high in most late-phase
patients with a wide variation in early-phase patients; these
differences had little statistical significance (Figure 1B). A
signal for IFN-␥ varied among all patients and did not differ
between the two groups (Figure 1C). TNF-␣ was highly ex-

pressed in all patients studied and IL-12 and TGF-␤ did not
differ between groups studied either (data not shown).

DISCUSSION
A significantly higher proportion of neutrophils and eosinophils was observed in LN aspirates from patients with
lymphadenopathy without skin ulcers compared with patients
in whom skin lesions had already developed. These data reinforce our clinical observations and favor our stratification in
early-phase and late-phase lymphadenopathy. The factors involved in early neutrophil recruitment are not elucidated in
the enlarged LN in CL. Neutrophil recruitment in response to
Leishmania antigen-stimulation differs between susceptible
and resistant mice.16 Neutrophils are rapidly recruited to the
site of murine infection where they are able to combat parasites by oxidative burst and inflammatory mediator release.17
However, in vitro ingestion by human macrophages of L. major inside apoptotic neutrophils leads to an increased release
of TGF-␤18 making phagocytes permissive for replication.
Furthermore, in vivo, neutrophils seem to contribute to the
early control of L. infantum infection in the spleen but not in
the liver, although no significant effect was evident at later
stages of infection in either of these target organs.19 Neutrophils, rather than dendritic cells, have been implicated in carrying BCG from the skin into the draining LN.20 In lymphoid
organs, neutrophils might be involved in the cross-priming of
CD8+ T cells by dendritic cells that have ingested the pathogen inside neutrophils, as shown for Listeria monocytogenes.21 In leishmaniasis, something similar may occur and
the accumulation of neutrophils in the draining LN may optimize T cell priming earlier in the infection, favoring the
anti-Leishmania acquired immune response.
CD8+ cells were more frequent in LNs of patients who
presented lymphadenopathy before the development of skin
lesions. In murine models of leishmaniasis, CD8+ cells seem
to participate in a protective immune response.22–25 Nevertheless, C57BL/6 mice with ␤2-microglobulin or CD8 deficiencies maintain their ability to heal, suggesting that CD8+
T cells are not required for control of primary infection.26–28

TABLE 3
Immuno-phenotyping of lymph node cells from cutaneous leishmaniasis patients
Group

CD3+*

CD4+*

CD8+*

CD19+*

CD56+*

CD1␣+*

Lymphadenopathy without skin lesion (n ⳱ 7)
Lymphadenopathy with skin lesion (n ⳱ 12)

49.7 ± 4.2
44.6 ± 11

34.7 ± 9.9
27.1 ± 9.5

18.5 ± 10.7†
10.9 ± 3.6†

29.3 ± 17.4†
47.9 ± 11.2†

3.4 ± 4.4
1.2 ± 1.5

1.6 ± 1.7
0.3 ± 0.1

* Percent distribution; mean ± SD.
† p < 0.05 between the two groups (Mann-Whitney U test).
Lymph node aspirates were fixed and stained for cytometric analyzes as described in methods. CD3 is a surface marker of general T cells; CD4 or CD8 identify of T helper or T cytotoxic
lymphocytes, respectively; CD19 is a major marker of mature B cells; CD56 marks NK cells; and CD1a identifies dendritic cells.
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FIGURE 1. Cytokine mRNA expression by lymph node cell population in patients with cutaneous leishmaniasis lymphadenopathy with or
without skin ulcer. Total mRNA was isolated from lymph node cells without in vitro antigen stimulation as described in Methods section. Bars
represent box and whiskers of the proportion between the expression of (A) IL-10, (B) IL-4, and (C) IFN-␥, and the housekeeping gene ␤-actin.
Mann-Whitney test was used to compare values.

Increased numbers of reactive CD8+ cells were observed after clinical recovering from human CL29 as well as after vaccination.16 On the other hand, cytotoxic responses were
higher in mucosal leishmaniasis than in CL patients30 and
activated CD8+ cells are present within lesions of CL patients31 suggesting that CD8+ cells may contribute to the development of ulceration. Our present results indicate that an
expanded CD8+ cell population in the draining LN precedes
ulcer development. Therefore, cytotoxicity and IFN-␥ production mediated by CD8+ cells may be important for the
early containment of Leishmania infection.
A remarkable finding was the higher presence of CD19+
cells in CL late-phase patients LN than in early-phase patients. The role of B cells in leishmaniasis is not clear. High
antibody levels are present in the anergic diffuse cutaneous
leishmaniasis (DCL),32,33 but B-cell infiltration is higher in
CL than in DCL lesions.34 B-cell depletion does not alter the
susceptibility or resistance pattern to Leishmania infection in
mice.35,36 Additionally B cells seem to be important to induce
anti-Leishmania CD4+ Th1 cells and a DTH reaction.37
Mixed Th1-Th2 patterns, as reported here, were observed
at the initial stages of experimental Leishmania infection38
and with intra-lesional cells from CL patients.39 Expression of
IL-10 was higher in patients with lymphadenopathy and ulcers than in patients with lymphadenopathy alone. This cytokine seems to mediate immune suppression in chronic CL40

and in mucosal leishmaniasis.41 At early phases of CL, an
elevated expression of IL-10 in LN together with IL-4 may
modulate initial immune response and favor the persistence
of the parasite.
Aspiration of enlarged LNs in CL is an easy and safe procedure that may help in confirming a parasitological diagnosis. Leishmania is frequently identified even under direct microscopic observation2 as well as by elucidating early aspects
of human anti-Leishmania immune response, as shown in the
present report.
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