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M A J O R A R T I C L E

Epidemiologic and Immunologic Findings
for the Subclinical Form of Leishmania
braziliensis Infection
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and Edgar M. Carvalho
Serviço de Imunologia, Hospital Universitário Prof. Edgard Santos, Universidade Federal da Bahia, Salvador-Bahia, Brazil

The epidemiologic and immunologic findings for 104 subjects with subclinical Leishmania braziliensis in-

fection were compared with those for 29 patients with cutaneous leishmaniasis (CL) from the same area of

endemicity. Subjects had a positive leishmania skin test result and remained asymptomatic during the next 4

years of follow-up were considered to have subclinical infection. Patients with CL were younger, had larger-

diameter indurations after skin testing, and were more likely to have positive serologic markers than were

those with subclinical infection ( ). In subjects with subclinical infection, levels of interferon-g and tumorP ! .05

necrosis factor-a in lymphocyte supernatants were lower than they were in patients with CL ( ); however,P ! .05

mean interleukin-5 levels were slightly higher in patients with subclinical infection than in patients with CL.

These data indicate that, unlike patients with CL, individuals who do not develop disease when infected with

L. braziliensis may have the ability to modulate their immune response.

The typical clinical manifestation of American cuta-

neous leishmaniasis (CL) is a single ulcerated lesion

with elevated borders, frequently located on the inferior

limbs [1–2]. Parasite and host factors are related to the

clinical forms of leishmaniasis [3–6]. The immunolog-

ical response in patients with CL is characterized by a

strong cellular immune response with evidence of a

delayed type hypersensitivity reaction to leishmania an-

tigen; lymphocyte proliferation; and high production

of IFN-g, the main cytokine that activates macrophages

to kill Leishmania organisms [5, 7–9].
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Subclinical leishmania infection has been reported in

areas where Leishmania chagasi, the causative agent of

visceral leishmaniasis, is endemic [9]. Compared with

patients with visceral leishmaniasis, who do not pro-

duce IFN-g when stimulated by leishmania antigen,

subjects with subclinical L. chagasi infection demon-

strate a T cell response to parasite antigen [10]. Al-

though no previous study has been designed to evaluate

the prevalence of subclinical Leishmania braziliensis in-

fection, it has been reported that ∼10% of healthy

subjects have a positive result of a skin test for leish-

mania antigen in areas where L. braziliensis is endemic

[11–12].

The present study was performed in Canoa, a rural

village located in the state of Bahia, Brazil, where an

outbreak of CL occurred in 1993–1997. During this

period, the entire population of the village was evalu-

ated for Leishmania infection. A clinical and epide-

miologic survey was performed annually to determine

the frequency of the disease and the frequency of sub-

jects who had positive intradermal skin test results with-

out disease. In this study, we evaluated the epidemio-
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logic aspects of this outbreak and compared the immunologic

response of patients with CL to the response observed in sub-

jects with subclinical L. braziliensis infection. The clinical find-

ings for the 29 cases of CL detected in the area during the

study period have been described elsewhere [13].

PATIENTS AND METHODS

Area of endemicity and selection of subjects. This study was

performed in the village of Canoa, municipality of Santo

Amaro, Bahia, Brazil. Santo Amaro is located 116 km north of

Salvador, the capital of the state of Bahia, at 12�33′ south lat-

itude, 38�42′ west longitude; the village is 50 m above sea level.

The mean annual temperature is 25.4�C. The village of Canoa

has 163 houses distributed along a road for 2.6 km; it is located

between the Subaé and Traripe rivers. The predominant veg-

etation is banana trees and flowering trees that grow around

the houses. There is electricity but no piped water. The village

is divided into 2 areas: the area from house 1 to 100 is called

“Canoa de Cima” (“uptown Canoa”), and the area from house

101 to 163 is called “Canoa de Baixo” (“downtown Canoa”).

Around the village is a residual area of Atlantic forest with

extensive areas of old and new forest devastation, which pre-

dominate in the second (“downtown”) area of the village.

In March 1993, an outbreak of CL occurred in the village.

There was no information about previous cases of CL, and

there have been no reported cases of Chagas’ disease or schis-

tosomiasis in the area, although malaria was reported 30 years

before the outbreak of leishmaniasis. In the first year of the

study, an epidemiologic survey was performed, as well as clinical

and laboratory evaluations (skin testing and serologic testing

for leishmania). Informed consent was obtained from the pa-

tients or their guardians, and the guidelines for human exper-

imentation of the Federal University of Bahia were followed in

conducting this clinical research. During that year, 555 of a

total of 604 inhabitants were evaluated. Monthly follow-up was

performed from 1993 through 1996 to detect new cases of the

disease. Each year, we performed a clinical evaluation and a

skin test with leishmania antigen for all healthy individuals, in

an attempt to determine the proportion of patients with in-

tradermal skin test conversion and their clinical outcomes. Sub-

jects who had Montenegro skin test results that converted and

who then remained asymptomatic during the next 4 years of

follow-up were considered to have subclinical L. braziliensis

infection.

Intradermal skin test and serologic reactions. A delayed

type hypersensitivity test was performed with a soluble leish-

mania antigen prepared as described elsewhere [14]. Soluble

Leishmania amazonensis antigen was also used to perform an

ELISA test to detect antibodies against Leishmania species [15].

Immunologic studies. Lymphocyte proliferative response

and cytokine levels were measured in samples of peripheral

blood mononuclear cells (PBMC) from subjects with subclin-

ical infection and from patients with CL before therapy was

initiated. Individuals with subclinical infection were recruited

from the group of patients who had skin test conversion. PBMC

were separated from venous blood by density gradient cen-

trifugation with use of the Ficoll-Hypaque method (Pharma-

cia). For proliferation assays, PBMC were adjusted to a con-

centration of l06 cells/mL in RPMI 1640 (Gibco) containing

penicillin and streptomycin and supplemented with 10% AB

normal human serum [7]. Aliquots of cells in 0.2 mL52 � 10

of RPMI 1640 were cultured in triplicate in flat-bottomed mi-

crotiter plates (Linbro Chemical) and stimulated with soluble

L. amazonensis lysate (2 mg/mL) or “pokeweed” mitogen

(PWM) in a final dilution of 1:10. Cell proliferation was mea-

sured by the [3H]thymidine uptake rate after 5 days of incu-

bation. The results were expressed as a stimulation index, which

was determined by dividing the counts per minute (cpm) for

stimulated cells in culture by the cpm for unstimulated cells.

Levels of IFN-g, TNF-a, and IL-5 were determined in PBMC

supernatant cultures by means of the ELISA sandwich tech-

nique [16].

Statistical analysis. Data were stored in the Epi-Info pro-

gram, version 6.0 (Centers for Disease Control and Prevention).

The Student’s t test, the x2 test, and the Mann-Whitney U test

were used to compare the results for the 2 groups (i.e., subjects

with subclinical infection vs. subjects with CL). Spearman’s test

was used to correlate the results of cytokine production tests

and skin tests. Differences were considered to be statistically

significant if the probability of a type I error was !.05.

RESULTS

The mean age (�SD) of the population of Canoa was 24 �

years; 306 (55%) of the 555 subjects were !20 years old.20

Two hundred eighty-three subjects (51%) were male, and 272

(49%) were female. The number of residents in downtown

Canoa was 202 (36% of the study population). The annual

survey data are shown in table 1. In the first year of the study,

555 individuals were surveyed; 18 had active CL, and 11 had

previous history of skin lesions with a typical scar of cutaneous

disease. These 11 individuals had positive skin test results and

denied having received any kind of therapy; these findings were

taken to indicate a self-healing infection. Of the 526 asymp-

tomatic subjects evaluated, 461 (88%) had a negative skin test

result and 65 (12%) had a positive result.

In the second year of the study, 11 additional cases of CL

were diagnosed, and 368 previously asymptomatic subjects were

evaluated. In this second evaluation, 18 subjects (5%) whose

first skin test result was negative converted to a positive result.

In the third year of the study, 214 healthy subjects who had 2
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Table 1. Characteristics of patients in a prospective study of Leishmania braziliensis infection and
cutaneous leishmaniasis in Canoa, Santo Amaro, Bahia, Brazil, 1993–1996.

Time period
Patients

evaluated
Patients with

active diseasea

Patients with
prior disease

with self-healingb

Healthy subjects

With positive
skin test result

With negative
skin test result

Mar 1993–Mar 1994 555 18 11 65 461

Apr 1994–Mar 1995 397 11 0 18 368

Apr 1995–Mar 1996 235 0 0 21 214

NOTE. Data are no. of patients or subjects.
a Patients who had cutaneous leishmaniasis during the time of the study.
b Subjects with the scar typical of cutaneous leishmaniasis who had a past history of disease in which lesions healed without

therapy.

Table 2. Epidemiologic characteristics and laboratory findings for individuals with
Leishmania braziliensis infection and cutaneous leishmaniasis in Canoa, Santo Amaro,
Bahia, Brazil, 1993–1996.

Characteristic or finding
L. braziliensis

infection
L. braziliensis

disease P

No. of patients 104 29 —

Male sex, % of patients 40.4 58.6 .08

Age, mean years 31.9 19.4 .06

Diameter of skin test induration, mean mm 9.4 17.6 .02

Positive ELISA result, % of patients 46.2 84.6 !.005

Residence in downtown Canoa, % of patients 43.3 84.6 !.005

previous negative skin test results were reevaluated, and 21

(10%) converted to a positive test result. There were no cases

of CL in the third year of the study. This area continues to be

clinically monitored; of the healthy individuals who had pos-

itive skin test results throughout the study, none has developed

CL. All 29 patients with active disease were treated with stan-

dard antimony therapy, and, after 4 years of follow-up, none

have had relapse.

A comparison of the clinical and laboratory data for subjects

with subclinical L. braziliensis infection with those for patients

with CL from the same area is shown in table 2. The patients

with cutaneous disease were younger, had larger-diameter in-

durations after skin testing, and had a higher proportion of

positive serologic test results than did those with subclinical

infection. There was also a significant difference between in-

dividuals who resided in uptown Canoa and those who resided

in downtown Canoa: 84.6% of patients with CL were from

downtown Canoa, but fewer than one-half of the subjects with

subclinical L. braziliensis infection (43.3%) lived in this part of

the village ( ). Several socio-economic variables, such asP ! .001

occupation, type of house, and conditions of hygiene, were

evaluated, and no significant difference was documented with

respect to these variables between the 2 parts of the village.

The lymphocyte proliferative response to leishmania antigen

was evaluated in 20 individuals with subclinical L. braziliensis

infection, 20 patients with CL, and 10 healthy subjects who

were not exposed to Leishmania organisms. In the group of

individuals with subclinical L. braziliensis infection, the stim-

ulation index for cultures stimulated with leishmania antigen

ranged from 1 to 63. Lymphocytes from all patients proliferated

when stimulated with PWM. The mean (�SD) stimulation

index for individuals with subclinical infection was higher than

that for healthy subjects who were not exposed to Leishmania

organisms ( vs. ; ) and lower than that12 � 19 2 � 0.6 P ! .001

for patients with CL ( ; ).84 � 72 P ! .001

Figure 1 shows levels of IFN-g, TNF-a, and IL-5 in the

supernatant of lymphocyte cultures from subjects with sub-

clinical L. braziliensis infection and patients with CL. The mean

(�SD) levels of IFN-g and TNF-a among subjects with sub-

clinical L. braziliensis infection were pg/mL (range,296 � 308

0–2075 pg/mL) and pg/mL (range, 0–364 pg/mL),55 � 57

respectively. These values were lower than those for patients

with CL. The levels of IFN-g and TNF-a in patients with CL

were pg/mL (range, 0–3321 pg/mL) and1546 � 1136 259 �

pg/mL (range, 0–904 pg/mL), respectively ( ). There260 P ! .001

was a direct correlation between IFN-g levels and the diameters

of indurations after skin testing among subjects with subclinical

L. braziliensis infection ( ; ).r p 0.4123 P ! .05s

Both groups had low levels of production of IL-5 in super-

natants of lymphocyte cultures. The mean level of IL-5 in sub-

jects with subclinical L. braziliensis infection ( pg/mL110 � 113

[range, 0–679 pg/mL]) was slightly higher than that observed
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Figure 1. Profile of cytokine levels in supernatants of lymphocyte
cultures from individuals with subclinical Leishmania braziliensis infection
and in patients with cutaneous leishmaniasis. Horizontal lines, mean
values.

in patients with CL ( pg/mL [range, 0–85 pg/mL]).32 � 34

This difference was not statistically significant ( ).P 1 .05

DISCUSSION

The leishmania intradermal skin test has been used to diagnose

CL for 150 years. This test has high sensitivity and specificity

and a good positive predictive value, making it very useful for

epidemiologic and clinical studies [12, 17, 18]. The use of dif-

ferent species of the parasite and different forms of antigen

preparation and the ability of the test to induce a delayed type

hypersensitivity reaction when it is performed a second time

with only a short interval between the 2 tests [19] indicate the

need for standardization of the leishmania skin test. In the

present study, we used a soluble L. amazonensis antigen [14],

and the test was repeated after 1 year. A previous study showed

that no patients had leishmania skin test result conversion when

the test was repeated after an interval of 1 year [20]. In the

Canoa area of endemicity, of 461 individuals with negative skin

test to leishmania antigen, only 8% had a positive intradermal

reaction after a second skin test during 3 years of follow-up.

Therefore, we assume that the conversion of the test result for

asymptomatic patients was related to exposure to leishmania

infection without development of disease. The possibility can

not be ruled out that some of these individuals developed one

or more small lesions that were not recognized as CL. However,

none of the subjects had the classic ulcer typical of CL.

The frequency of subclinical L. braziliensis infection in the

present study is similar to the percentage of individuals with a

positive skin test result reported in cross-sectional studies [11,

12, 21, 22]. Environmental, parasite, and host factors may explain

the appearance of the disease in only a small percentage of in-

fected subjects. In Canoa, the Leishmania species isolated was L.

braziliensis, and the phlebotomous vector was Lutzomyia inter-

media [13]. It has been suggested that different sibling species

of Leishmania longipalpis differ in their propensity to modulate

the pathology of the disease transmitted [23]. It is also well known

that a single species of Leishmania, such as L. amazonensis, can

cause the whole spectrum of tegumentary leishmaniasis, includ-

ing mucosal disease, CL, and diffuse CL [4].

Host factors are also involved in determining the clinical

spectrum of leishmaniasis. Although patients with an evident

T cell response against parasite antigen develop simple cuta-

neous disease [9], patients with an impaired immune response

develop diffuse CL [6]. One of the important findings regarding

the role of the environment in the development of CL was that

the majority of cases of CL occurred in residents of downtown

Canoa, an area where a heavy devastation of forest was ob-

served. Because cases of subclinical infection were distributed

equally in both parts of the village, it is possible that factors

such as grade of exposure and parasite load could explain the

occurrence of these different clinical forms of infection. Con-

sidering that L. braziliensis was the only causative agent isolated

from patients and that the vector (L. intermedia) is associated

with L. braziliensis infection, it is unlikely that other Leishmania

species would be responsible for the sensitization of the subjects

we studied and the different clinical forms of the infection.

The immune response in patients with CL is characterized

by strong IFN-g and TNF-a production with nitric oxide ex-

pression, which has been demonstrated in biopsies for patients

with CL [24, 25]. Although these cytokines are important in

the control of leishmania infection, patients develop skin ulcers

characterized by an intense inflammatory reaction with few or
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no parasites at the site of ulceration [25]. Therefore, it is pos-

sible that the unregulated synthesis of these cytokines may be

dangerous for the host. Recent studies have shown that IL-10

modulates the immune response in patients with CL [16] and

that inhibition of TNF-a production may improve the thera-

peutic response in patients with mucosal leishmaniasis [26].

Levels of IL-10 were not measured in the present study. We

found that subjects with subclinical L. braziliensis infection had

lower IFN-g and TNF-a levels and higher IL-5 levels, compared

with patients with CL, which indicates that, unlike CL patients,

subjects who did not develop disease may have the ability to

modulate their immune response. The IFN-g and TNF-a pro-

duction observed in individuals with subclinical infection are

enough to control parasite growth and do not mediate tissue

damage.

Acknowledgments

We thank Dr. Warren D. Johnson for critical comments, Lay

Har Cheng for review of the manuscript, and Elbe Silva for

preparing the manuscript.

References

1. Llanos-Cuentas EA, Cuba CC, Barreto AC, Marsden PD. Clinical char-
acteristics of human Leishmania braziliensis infections. Trans R Soc
Trop Med Hyg 1984; 78:845–6.

2. Jones TC, Johnson WD, Barreto AC, et al. Epidemiology of American
cutaneous leishmaniasis due to Leishmania braziliensis braziliensis. J
Infect Dis 1987; 156:73–83.

3. Marzochi MCA, Marzochi KBF. Tegumentary and visceral leishmaniasis
in Brazil: emerging anthropozoonosis and possibilities for their control.
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15. Badaró R, Reed SG, Barral A, et al. Evaluation of the micro–enzyme-
linked immunosorbent assay (ELISA) for antibodies in American vis-
ceral leishmaniasis: antigen selection for detection of infection-specific
responses. Am J Trop Med Hyg 1986; 35:72–7.

16. Rocha PN, Almeida RP, Bacellar O, et al. Down-regulation of Th1 type
of response in early human American cutaneous leishmaniasis. J Infect
Dis 1999; 180:1731–4.

17. Cuba CAC, Llanos-Cuentas EA, Barreto AC, et al. Human mucocu-
taneous leishmaniasis in Três Braços, Bahia-Brazil: an area of Leish-
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