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Abstract. The Health Post of Corte de Pedra is located in a region endemic for American tegumentary leishmaniasis
(ATL) in the Brazilian state of Bahia, and it treats 500–1,300 patients annually. To describe temporal changes in the
epidemiology of ATL, we reviewed a random sample of 10% of patient charts (N = 1,209) from 1988 to 2008. There was
a twofold increase in the number of cases over the 20-year period, with fluctuations in 10-year cycles. Patients were most
frequently male, between the ages of 10 and 30 years, and engaged in agricultural labor; 4.3% of patients had mucosal
disease, and 2.4% of patients had disseminated disease. Over the study period, the number of disseminated cases
increased threefold, the proportion of cases in younger patients and agricultural workers decreased, and the proportion
of patients residing in coastal areas increased. ATL is on the rise in Bahia, with a 10-year periodicity and evolving
changes in epidemiology and manifestations of disease.

INTRODUCTION

American tegumentary leishmaniasis (ATL) is a vector-
transmitted infectious disease caused by an intracellular pro-
tozoan of the genus Leishmania. Over 350 million people in
88 countries around the world are at risk of Leishmania infec-
tion, with an estimated 1.5 million new cases of cutaneous
leishmaniasis occurring annually.1 In Brazil, ATL represents
a significant public health problem, with approximately 30,000
new reported cases annually and an estimated annual incidence
of 18.5 cases per 100,000 inhabitants.2 The three major species
that cause ATL in Brazil are Leishmania (Viannia) braziliensis,
L. (V.) guyanensis, and L. (L.) amazonensis, which are trans-
mitted by the phlebotomine sandflies of the genus Lutzomyia.3

ATL is endemic to the Brazilian state of Bahia (BA) in
northeastern Brazil, and the village of Corte de Pedra is rec-
ognized as one of the most important areas of L. braziliensis
transmission in Brazil, with a high prevalence of ATL cases.
Visceral leishmaniasis does not occur in this area; in addition
to L. braziliensis, L. amazonensis was identified in the village
of Corte de Pedra, but only L. braziliensis hase been isolated
in the last 15 years in this endemic area. Clinical forms of
L. braziliensis infection include localized cutaneous leishman-
iasis, mucosal leishmaniasis, and disseminated leishmaniasis.
More recently, atypical forms of the disease have been described,
such as verrucous lesions and multiple nodular lesions in a
specific area of the body.4 For the past 25 years, patients in
this endemic region have been followed at the Health Post of
Corte de Pedra. Over the course of the past two decades, clini-
cians have noted an increase in the number of cases of more
severe disease (namely mucosal and disseminated leishmani-
asis), a decrease in the efficacy of antimonials, and changes in
the demographics of the patient population.4,5

The last epidemiological study in the region performed
in 1985 revealed an annual incidence of disease of 8.1 per
1,000 inhabitants and a prevalence of 14.9%.6 Peak occurrence

of ATL was observed in male patients between 10 and 15 years
of age. Mucosal disease was documented in 2.7% of patients
and was found to be associated with male gender and mul-
tiple or large initial skin lesions. Disseminated disease was
not described. Moreover, although in the 1980s, fewer than
200 patients were seen annually in the Corte de Pedra clinic,
more than 1,000 leishmaniasis patients presented to the clinic in
2009. Therefore, we decided to perform a retrospective chart
review of patients seen at the Health Post of Corte de Pedra dur-
ing the last 21 years to determine if patterns of disease and risk
factors for infection have changed and whether there has been
a true increase in the frequency of more severe clinical forms.

METHODS

Study area. Corte de Pedra is a village located in the
endemic southeastern coastal region of Bahia, 280 km from
Salvador, the capital of Bahia. Epidemiological and clinical
studies have been performed in this area since 1980. The region
covers an area of over 8,000 km2, and it is 15–500 m above sea
level, with an estimated population of over 240,000 people
according to 2007 Brazilian census data. Ecologically, the area
is a tropical rainforest, which has been entirely cleared for
cultivation of cacao, banana, and manioc, although in some
places, the rainforest has regrown. The annual rainfall in the
region is between 1,100 and 2,100 mm annually, and ambient
temperature ranges between 18°C and 30°C. The Health Post
of Corte de Pedra is the reference center for diagnosis and
treatment of leishmaniasis for the 14 municipalities within a
38-km radius of the health post, and it has served as the
Immunology Service site for clinical research since 1984. The
health post has a 200-m2 building with seven outpatient eval-
uation rooms, a treatment room/holding unit, a surgical suite
for biopsy and lesion aspiration, and a clinical laboratory. The
health post is staffed by a physician and four trained medical
assistants. Medical doctors from the Immunology Service,
including three dermatologists, one internist, one pathologist,
and one otolaryngologist, work in the health post on a
biweekly basis. Although all of the 14 municipalities sur-
rounding the village have health posts and also see patients
with leishmaniasis, 90% of the cases of cutaneous leishmaniasis
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from these municipalities seek medical assistance at the health
post of Corte de Pedra.
Patients and diagnosis of ATL. Between 1988 and 2008,

12,424 individuals who had lesions thought to be attributable
to ATL visited the Corte de Pedra leishmaniasis clinic for
evaluation and treatment. All patients were evaluated by a
physical examination by a physician, and those patients with
suspicion of leishmaniasis received a leishmanial antigen skin
test.7 The soluble Leishmania antigen (0.1 mL) was injected
intradermally, and a delayed-type hypersensitivity reaction
was observed after 48 hours. A positive skin test was defined
as a diameter of induration of 5 mm or greater. The diagnosis
of cutaneous leishmaniasis was made based on the presence
of a typical skin ulcer associated with a positive delayed-type
hypersensitivity reaction to Leishmania antigen or evidence
of Leishmania infection by parasite isolation or histopathol-
ogy. Disseminated leishmaniasis was defined by the presence
of 10 or more acneiform, popular, and ulcerated lesions in at
least two parts of the body.5 This distinct clinical, histopatho-
logical, and immunological entity from the anergic form of dif-
fuse cutaneous leishmaniasis is characterized by the presence of
nodular, non-ulcerated lesions without mucosal involvement.5,8

Moreover, diffuse cutaneous leishmaniasis is associated with
L. amazonensis, whereas disseminated leishmaniasis is pre-
dominantly caused by L. braziliensis.5,8,9 Patients with suspected
mucosal lesions were evaluated by an otolaryngologist. Diag-
nosis of mucosal leishmaniasis was performed based on visu-
alization of a typical mucosal leishmaniasis lesion and a positive
Leishmania skin test or evidence of Leishmania infection by
parasite isolation or histopathology. Patients diagnosed with
leishmaniasis are treated with a 20-day course of intravenous
pentavalent antimony (15–20 mg/kg per day) for cutaneous
leishmaniasis and a 30-day course for mucosal and dissemi-
nated leishmaniasis.
The clinic assigned patient file numbers in consecutive order

of registration, maintained a registry in central books, and
stored clinic files on site. It was, therefore, possible to estimate
the number of missing charts, which clinic staff attempted to
locate. In the initial years of the clinic, documentation was less
controlled, and the removal of paper charts from the clinic
premises was common for the purposes of documentation or
medical research; however, at the present time, removal of
paper charts from the clinic premises is not permitted for any
purpose. The total number of charts estimated to be missing
was 220, representing between 0.2% and 7.5% patients per
year. Total patient numbers include the number of missing
charts as well.
Study design. A random number generator was used to

select a 10% random sample of registered leishmaniasis clinic
patients’ files for abstraction. Patients who did not fulfill the
diagnostic criteria for leishmaniasis (19 patients; 1.5% of
charts) were excluded from the study. No personally identifi-
able data beyond the study subjects’ clinic file number was
recorded. This study was approved by the institutional review
boards of the Federal University of Bahia and Weill Cornell
Medical College.
Data were entered into an Epi Info database by a medical

student, who double-checked 100% of data entry. In addition,
four medical doctors reviewed the charts to confirm the diag-
nosis of cutaneous, mucosal, or disseminated disease.
Descriptive data for the study population are reported.

Analyses were performed using Epi Info 3.4.3 (Centers for

Disease Control and Prevention, Atlanta, GA) and Stata (ver-
sion 10, StataCorp, College Station, TX). Based on exploratory
data analysis of the time periods of interest ranging from
months to groups of years, years were grouped into four cate-
gories of 5- to 6-year periods for most analyses. Discrete var-
iables were compared using c2 test or Fisher exact tests as
appropriate. Because of data skewness, continuous variables
such as age, lesion size, lesion duration, number of lesions,
and year of first presentation were grouped into categories
and analyzed by a c2, Fisher exact, Kruskall–Wallis, or non-
parametric Jonckeheere–Terpstra test for trend as appropri-
ate.10,11 All tests were two-tailed, and significance was defined
as P < 0.05.

RESULTS

The 1,209 patients included in this study were diagnosed and
treated for ATL. Figure 1 depicts the number of Leishmania
patients per year from 1988 to 2008. A rise and fall in cases of
ATL occurring in 10-year cycles was observed, with peaks in
1988, 1998, and 2008. The median age of the 1,209 patients
was 22 years (interquartile range [IQR] = 14–37 years). The
greatest number of patients was between 10 and 19 years old
(329 patients; 27.2%), whereas patients 50 years and older
comprised only 11.2% of the population. The monthly aver-
age rainfall and the number of patients per month in Corte de
Pedra are shown in Figure 2. A peak in patient presentation
was noted in February through April and again in September.
When months of presentation were grouped into four sea-
sonal categories, the observed distribution differed from the
distribution expected by chance (P < 0.001, c2 test for good-
ness of fit); 276 (22.8%) patients presented between December
and February, 367 (30.4%) patients presented between
March and May, 272 (22.5%) patients presented between June
and August, and 294 (24.3%) patients presented between
September and November.
Demographic and occupational profiles of ATL patients.

Table 1 summarizes the demographic and clinical profiles of
the patients according to the clinical forms. Cutaneous leish-
maniasis was diagnosed in 1,128 cases (91.9%) compared with
52 cases (4.3%) of mucosal leishmaniasis and 29 cases (2.4%)
of disseminated leishmaniasis. Older patients were more
frequently affected by mucosal and disseminated disease
(P < 0.001, Kruskall–Wallis test) as were agricultural workers
(P = 0.012, Fisher exact test). The majority of patients visiting
the clinic were male (N = 781; 64.6%). Of the patients with
cutaneous disease, the male:female ratio was 1.7:1, whereas
the ratios for patients with mucosal and disseminated disease
were 2.7:1 and 8.7:1, respectively. The predominance of male
patients with mucosal and disseminated lesions was statisti-
cally significant (P = 0.004, Fisher exact test).
Clinical characteristics and clinical form of disease. Of

52 patients with mucosal leishmaniasis, 43 (83%) patients
presented with cutaneous lesions or a history of cutaneous
disease with a scar. Concomitant cutaneous and mucosal
lesions were documented in 16 (31%) of the patients, whereas
14 patients (48%) with disseminated leishmaniasis had con-
comitant mucosal lesions. Fifty-nine (5.2%) patients with
cutaneous leishmaniasis had a history of cutaneous disease
with an associated scar, and only one (3.4%) patient with dis-
seminated disease had an associated scar. Median scar duration
for patients with cutaneous disease was 9 years (range = 4 months
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to 74 years). Median scar duration for patients with mucosal
disease was 16 years (range = 1–46 years). The patient with
disseminated disease had a scar for 1 year.
Lesion location was examined, with the notion that lesions

above the waist suggest peridomiciliary infection or may
be caused by factors related to the vectors or isolates of
L. braziliensis. Of patients with concomitant cutaneous and
mucosal lesions, 11 (68.8%) patients had cutaneous lesions

above the waist, whereas only 433 (38.9% of patients with
cutaneous disease with information about lesion location)
patients had lesions above the waist and 27 (96.4% of patients
with disseminated disease with information about lesion loca-
tion) patients had lesions above the waist (P < 0.001, c2 test).
Disseminated patients were excluded from the remaining
analysis, because they have lesions above the waist practically
by definition. Patients in the youngest age quartile tended to

Figure 1. Number of patients presenting to the leishmaniasis clinic in Corte de Pedra from 1988 to 2008.

Figure 2. Average rainfall and number of patients per month at Corte de Pedra Leishmaniasis Clinic from 1988 to 2008. Rainfall is depicted by
the grey dashed line, and the number of cases is depicted by the black solid line.
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have more lesions above the waist; 153 patients (48.6% of
patients between 0 and 13 years) had lesions above the waist,
whereas in other age quartiles, 111 (37.5%) patients between
ages 14 and 22 years, 85 (31.8%) patients between ages 23
and 37 years, and 95 (37.5%) patients between ages 38 and
95 years had lesions above the waist (P = 0.001, Jonckeheere–
Terpstra test). There was no relationship between sex and
lesions above the waist (c2 P = 0.45).
Relationship between lesion size and age, gender, and clinical

forms. Table 2 summarizes the relationship between size of
the lesion and demographic characteristics of cutaneous leish-
maniasis patients. The area of the largest cutaneous lesion
was calculated as an indicator of severity of cutaneous dis-
ease. The median area of the largest lesion was 300 mm2

(IQR = 120–500 mm2). Lesion size was found to be signifi-
cantly associated with disease type, because patients with
larger lesions were more likely to have mucosal or dissemi-
nated disease (P = 0.024, Kruskall–Wallis test) (Table 1). The
largest lesion size was directly related to age (P = 0.002,
Jonckeheere–Terpstra test) and illness duration (P < 0.0001,
Jonckeheere–Terpstra test). No difference in size of largest
lesion with respect to gender was noted. Of note, lesion dura-
tion was directly related to age. For example, in patients
under 14 years, 183 (29.4%) patients had lesion duration of
0–30 days, whereas 45 (18.3%) patients had lesion duration

greater than 60 days. In comparison, 135 (21.7%) patients
over 37 years had lesion duration of 0–30 days, whereas
75 (30.5%) patients had lesion duration greater than 60 days
(P = 0.0001, Jonckeheere–Terpstra test).
Relationship between number of lesions and age and sex

for patients with localized cutaneous leishmaniasis. Table 3
summarizes the number of lesions in 1,128 patients with local-
ized cutaneous leishmaniasis and its relationship with age
and sex. Overall, 777 (68.9%) patients had one lesion,
198 (17.6%) patients had two lesions, 77 (6.8%) patients had
three lesions, and 74 (6.5%) patients had four or more lesions.
There was a statistically significant relationship between age
and number of lesions, with younger patients presenting with
more lesions (P = 0.027, Jonckeheere–Terpstra test). How-
ever, there was no association between the number of cutane-
ous lesions and sex (P = 0.28, c2 test).
The number of cutaneous lesions was also directly associ-

ated with lesion duration (Jonckeheere–Terpstra P = 0.0096).
For example, among patients with only one lesion, 430 (56.6%)
patients had lesion duration of 0–30 days, 200 (26.3%) patients
had lesion duration of 31–60 days, and 130 (17.1%) patients
had lesion duration greater than 60 days. In comparison, of
patients with four or more lesions, 29 (40.8%) patients had
lesion duration of 0–30 days, 27 (38.0%) patients had lesion
duration of 31–60 days, and 15 (21.1%) patients had lesion

Table 1

Demographic and clinical characteristics of patients by clinical form of disease

Cutaneous Mucosal Disseminated P value

N 1,128 52 29
Age, median years (IQR) 21 (12–35) 29.5 (18–52) 36 (22–44) 0.0002*
Male:female ratio 1.7:1 2.7:1 8.7:1 0.006†
Occupation 0.012‡§
Agricultural worker 519 (46.9%) 35 (67.3%) 21 (77.8%)
Student 218 (19.7%) 6 (11.5%) 1 (3.7%)
Domestic worker 153 (13.8%) 5 (9.6%) 1 (3.7%)
Not apply 162 (14.6%) 5 (9.6%) 2 (7.4%)
Others (children < 5 and subjects > 60) 55 (5.0%) 1 (1.9%) 2 (7.4%)

Duration of illness, median days (IQR; N) 30 (28–60; 1,098) 90 (30–365; 42) 60 (30–120; 26) 0.0001*
Median size of largest ulcer, mm2 (IQR; N) 300 (120–560; 1,062) 509 (340–900; 14) 600 (220–900; 17) 0.024*
Median number of cutaneous lesions (IQR; N) 1 (1–2; 1,126) 1 (1–3; 16) ¶ 0.070*
Lesions above the waist (%; N) 433 (38.9; 1,114) 23 (53.5; 43) 27 (96.4; 28)^ < 0.0001‡

*Kruskall–Wallis test.
†c2 test.
‡Fisher exact test.
§Excluding patients without data on occupation.
¶Was not calculated, because 10 of 26 patients had too many lesions to count.
^One patient had no data on lesion location.

Table 2

Relationship between area of largest cutaneous lesion and characteristics of cutaneous leishmaniasis patients

Largest lesion size (mm3)

P value*< 126 mm2 Percent 127–300 mm2 Percent 301–600 mm2 Percent > 601 mm2 Percent

Age (years)
0–13 95 34.5 87 31.2 71 25.0 51 20.0 0.002
14–22 64 23.3 73 26.2 75 26.4 73 28.6
23–37 60 21.8 54 19.4 73 25.7 70 27.5
38–95 56 20.4 65 23.3 65 22.9 61 23.9

Sex
Female 103 37.5 81 29.0 106 37.3 95 37.3 0.098
Male 172 62.5 198 71.0 178 62.7 160 62.7

Duration of illness (days)
0–30 171 63.6 159 58.0 141 50.7 110 43.5
31–60 66 24.5 72 26.3 85 30.6 74 29.2 < 0.0001
> 60 32 11.9 43 15.7 52 18.7 69 27.3

*c2 test.
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duration greater than 60 days. The number of cutaneous
lesions was also associated with more severe clinical disease
forms, because patients with mucosal disease tended to have
more lesions, although this finding was not statistically sig-
nificant (Kruskall–Wallis P = 0.070) (Table 1).
Changes in demographic and clinical characteristics over

time. Table 4 summarizes the changes in demographic and
clinical characteristics over time. An analysis of these data
over 21 years of the study revealed a decrease in the propor-
tion of patients in the youngest age quartile of 0–13 years
(P = 0.059, Jonckeheere–Terpstra test). No significant differ-
ences in the proportion of cases with respect to sex were
observed over time. Also notable was the fact that the pro-
portion of patients involved in agricultural work decreased
over the study period compared with those patients not
engaged in agricultural work (students, domestic workers,
young children, and others), although this finding was not
statistically significant (P = 0.060, Jonckeheere–Terpstra test).
The frequency of mucosal and disseminated disease varied

greatly over time, although these changes were not statistically
significant (P = 0.21, Jonckeheere–Terpstra test). Although the
percentage of mucosal disease decreased nearly threefold

from the beginning to the end of the study, the percentage of
cases of disseminated disease doubled over the same period.
Over time, the number of patients with larger lesions decreased,
and the number of patients with smaller lesions increased
(P < 0.001, Jonckeheere–Terpstra test). The percentage of
patients with larger lesions (lesion area greater than 600 mm2)
fell from 34.9% from 1988 to 1993 to 19.2% from 2004 to 2008.
In contrast, the percentage of patients with smaller lesions
(lesion area less than 127 mm2) increased from 19.3% from
1988 to 1993 to 31.6% from 2003 to 2008.
Over the course of the study, lesion duration also decreased.

For example, from 1988 to 1993, 142 (47.0%) patients had
lesion duration of 0–30 days, and 90 (29.8%) patients had
lesion duration greater than 60 days. In comparison, from
2004 to 2008, 185 (56.9%) patients had lesion duration of
0–30 days, and 59 (18.2%) patients had lesion duration greater
than 60 days (Jonckeheere–Terpstra P = 0.0052).
To determine if there was a geographical change in the

distribution of cases within the study area over time, the
municipalities were grouped into regions based on geograph-
ical location for the purposes of analysis. Region I includes
the municipalities of Presidente Tancredo Neves, Wenceslau

TABLE 4

Changes in demographics, clinical characteristics, and geographic distribution of the disease over time

1988–1993 Percent 1994–1998 Percent 1999–2003 Percent 2004–2008 Percent P value*

Age (years)
0–13 99 32.1 79 29.2 70 23.8 79 23.4 0.059
14–22 69 22.4 57 21.0 90 30.6 87 25.9
23–37 73 23.7 66 24.4 63 21.4 85 25.5
38–95 67 21.8 69 25.5 70 24.3 85 25.3

Sex
Female 111 36.0 100 36.9 97 33.0 120 35.7 0.73
Male 197 64.0 171 63.1 197 67.0 216 64.3

Occupation
Agriculture 163 53.6 128 48.3 129 45.6 155 46.4 0.060
Not agriculture 141 46.4 137 51.7 154 54.4 179 53.6

Type of disease
Cutaneous 275 89.3 262 96.7 279 94.9 312 92.9 0.21
Mucosal 28 9.1 5 1.9 8 2.7 11 3.3
Disseminated 5 1.6 4 1.5 7 2.4 13 3.9

Largest lesion area (mm2)
1–126 53 19.3 57 20.7 78 28.4 87 31.6 < 0.001
127–300 41 14.7 68 24.4 81 29.0 89 31.9
301–600 98 34.5 61 21.5 56 19.7 69 24.3
601–770 89 34.9 64 25.1 53 20.8 49 19.2

Region < 0.001
I 176 62.9 149 57.1 138 49.8 153 48.7
II 46 16.4 42 16.1 44 15.9 33 10.5
III 58 20.7 70 26.8 95 34.3 128 40.8

*Jonckeheere–Terpstra test.

Table 3

Relationship between number of lesions, age, and sex in patients with localized cutaneous leishmaniasis

One lesion Percent Two lesions Percent Three lesions Percent Four+ lesions* Percent P value†

Age (years)
0–13 199 25.6 57 28.8 27 35.1 27 36.5 0.027
14–22 211 27.2 52 26.3 19 24.7 13 17.6
23–37 176 22.7 51 25.8 20 26.0 18 24.3
38–95 191 24.6 38 19.2 11 14.3 16 21.6

Sex
Female 296 38.1 68 34.3 22 28.6 24 32.4 0.28‡
Male 481 61.9 130 65.7 55 71.4 50 67.6

*Excluding disseminated patients.
†Jonckeheere–Terpstra test.
‡c2 P value.
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Guimarães, Teolândia, and Mutuipe (average altitude = 198 m).
Region II comprises Ibirapitanga, Itamarı́, Gandú, and Piraı́
do Norte (average altitude = 164 m), and Region III includes
Valença, Taperoá, Nilo Peçanha, and Ituberá (average altitude =
25 m). Figure 3 shows a map of the study area. Over time, the
number of patients from different municipalities also shows a
pattern, with an increase in the number of patients residing in
coastal areas of lower altitude and a decrease in the number
of patients from more inland, higher-altitude areas (P < 0.001,
Jonckeheere–Terpstra test) (Table 4).

DISCUSSION

The southeastern region of the Brazilian state of Bahia,
where the village of Corte de Pedra is located, is one of the
most significant endemic areas of L. braziliensis in Central and
South America. Studies performed in this area determined the
incidence of cutaneous and mucosal leishmaniasis, described
new clinical forms of L. braziliensis infection,4,9,12,13 and estab-
lished new types of therapies for ATL.13–15 In the present
study, we evaluated the charts of the patients presenting to the
Health Post of Corte de Pedra from 1988 to 2008 to charac-
terize the changes in demographic and clinical variables over

a 20-year period. Seven main relevant findings were observed
over the time period of the study. (1) The number of cases of
leishmaniasis doubled. (2) Numbers of annual cases of ATL
were found to fluctuate in 10-year cycles. (3) The number of
cases of disseminated leishmaniasis increased. (4) Mucosal
and disseminated leishmaniasis cases were associated with
male sex, older age, and agricultural labor. (5) Mucosal leish-
maniasis was associated with cutaneous lesions above the
waist. (6) Greater numbers of cutaneous lesions were found
in younger patients. (7) Over the course of the 20-year study,
the disease spread to coastal areas.
Fluctuations in the number of cases of visceral leishmania-

sis have been described and associated with earthquakes, viral
infections, and climate events.16–18 Increased incidence of vis-
ceral leishmaniasis has been observed with a periodicity of
approximately 10-year intervals, with low incidences coinciding
with the occurrence of El Niño and increases after such cli-
matic events.17,18 Here, for the first time, we described a similar
pattern of occurrence of cutaneous leishmaniasis. Additional
study may reveal an association between the sandfly vector
population and El Niño episodes or other weather patterns.
The seasonal pattern of infection observed may be explained

by an increase in the number of phlebotomine sand flies in the

FIGURE 3. Corte de Pedra endemic area. The right side represents the Atlantic Ocean.
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study region observed during the rainy season, predominantly
from March to April and June and July (unpublished data).
This increase in the vector population and by correlation,
disease frequency after the rainy season has also been described
in studies of visceral leishmaniasis.19–21 The predominance of
patients between 10 and 19 years of age working in agricul-
tural activities suggests that patients are infected though work
or play activities. However, the fact that women, small chil-
dren, and the elderly are also affected indicates that transmis-
sion also occurs in peridomiciliary areas.
Male sex and older age were strongly associated with dis-

seminated and mucosal leishmaniasis, which has been previ-
ously shown.5,6,22,23 Agricultural activity was also associated
with disseminated and mucosal disease. It is known that host
and parasite genetic factors may influence clinical manifesta-
tions of ATL.24,25 L. braziliensis is polymorphic in the region
of Corte de Pedra, and there is a relationship between genetic
differences in isolates and clinical forms of the disease.26

Because the vectors found in this area are L. whitmani and
L. intermedia, it is unlikely that atypical forms of the disease
are associated with differences in vector species. It is more
likely that patients engaged in agricultural labor may be
exposed more frequently to genetic serovars of L. braziliensis
that are associated with mucosal and disseminated disease than
those patients infected in the peridomiciliary environment.
Occupational exposure may help to explain the association
between male sex and older age with severe clinical forms of
disease, because agricultural workers tend to be adult males.
We confirmed here that lesions above the waist, greater

number of cutaneous lesions, history of previous disease with
associated scar, and greater duration of disease were risk fac-
tors for mucosal leishmaniasis.6,22–24 However, we found no
association between size of the primary cutaneous lesions
and development of mucosal leishmaniasis as previously
described.22 Because of the strong association between lesions
above the waist and mucosal disease, patients with cutaneous
lesions above the waist should be examined for the presence
of mucosal disease.
Largest lesion area and number of cutaneous lesions may

be markers of disease severity. We show here that age and
duration of illness are also associated with lesion size. Patients
younger than 13 years with lesion duration fewer than 30 days
tended to have smaller lesions. These findings may be related
to the fact that children tended to have significantly shorter
lesion duration than older patients. It is likely that parents
seek medical attention for children promptly, whereas adults
delay doctor visits until they discover that their ulcers are not
healing. The observation that younger patients tended to have
more lesions than patients in the older age groups may be
related to greater exposed skin, because they typically wear
short pants and are shirtless for long periods of time during
the day. There was no relationship between number of lesions
and gender or calendar year. Younger patients also were more
likely to have lesions above the waist than domestic and other
non-agricultural workers, which is likely explained by their
shorter stature. The following reasons may explain why chil-
dren have a low frequency of mucosal disease despite more
frequently having lesions above the waist. First, younger age
was associated with short duration of illness and prompt ther-
apy. Second, mucosal disease is highly associated with agricul-
tural activities, likely because of exposure to parasite genotypes
associated with mucosal involvement.25,26

The analyses of changes in demographic and clinical char-
acteristics over a 20-year period revealed interesting data.
Although the absolute number of children and women pre-
senting with cutaneous leishmaniasis has increased, the pro-
portion of leishmaniasis cases accounted for by children
decreased, and there was no difference in the relative propor-
tion of women with disease over time. The presence of the
clinic and improvement in accessibility because of develop-
ment of the region, educational efforts, and word of mouth
likely influenced the rise in patients seen at the clinic over
time. However, a significant increasing of cases of leishmani-
asis in this endemic area has been reported by the Brazilian
Ministry of Health in the past 20 years,2 and it is unlikely
to be secondary to improved disease recognition. The leish-
mania skin test (LST), histologic analysis, and culture of aspi-
rates have been the main diagnostic tests for leishmaniasis
since the health post was created. Only in the past few years
has polymerase chain reaction (PCR) been used for diagno-
sis. Therefore, an improvement in diagnostic tests also does
not explain the increase in number of cases. Over the course
of the study, we observed a decline in the number of mucosal
leishmaniasis cases, although it was not statistically signifi-
cant. We also observed that lesion duration decreased over
the course of the study, and we suspect that the presence and
improved accessibility to the clinic and consequently, more
prompt treatment of cutaneous disease likely influenced the
decline in cases of mucosal leishmaniasis, because prompt
therapy for cutaneous disease reduces the risk for future
mucosal disease.2 Moreover, the fact that younger patients
present with disease of shorter duration and smaller lesion,
suggests that there was improvement in accessibility to
earlier diagnosis and treatment.
The number of cases in coastal areas (Region III) increased

relative to cases in inland, rural areas. Because this change
cannot be explained by changes in the population according
to census data from 1991, 2001, and 2007, it is also likely that
sandfly vectors are adapting to different habitats. In the past,
ATL was observed as the result of contact between people
and forest environments27 and later, in agricultural areas that
had been previously deforested.6,28 However, more recently,
the disease has been increasingly found in urban areas.29–31

The fact that the proportion of individuals engaged in agricul-
tural labor decreased over the study period further supports
this notion.
In summary, we found that the number of patients pre-

senting to the Corte de Pedra leishmaniasis clinic increased
over time but fluctuated in 10-year cycles, which may corre-
spond with El Niño episodes or other meteorological pat-
terns. Additional research regarding this relationship may
help develop targeted health interventions regarding preven-
tion of this disease. Although more prompt treatment of leish-
maniasis may have helped to reduce the numbers of patients
with mucosal disease and larger cutaneous lesions over time,
disseminated leishmaniasis is on the rise. Patients residing in
coastal areas and people not engaged in agricultural labor
are more frequently affected with leishmaniasis than in the
past, which suggests that the sandfly vectors are increasingly
adapting to peridomiciliary and periurban environments.
Lastly, studies evaluating the role of genetic differences in
L. braziliensis and its relationship with clinical forms of the
disease should be emphasized to better understand its role in
the development of different clinical forms of the disease.

432 JIRMANUS AND OTHERS



Received June 17, 2011. Accepted for publication November 18, 2011.

Acknowledgments: The authors thank the dedicated healthcare
workers who have tirelessly provided outstanding medical care at
the Corte de Pedra field site over the years.

Financial support: This work was supported in part by the Fogarty
International Clinical Research Scholars and Fellows (FICRS-F) Pro-
gram through National Institutes of Health/Fogarty International
Center Grant R24 TW007988, National Institutes of Health/National
Institute of Allergy and Infectious Disease Grant K24 AI07884, and
National Institutes of Health Grant AI-30639.

Authors’ addresses: Lara Jirmanus, Department of Family Medicine,
Boston University, Boston, MA, E-mail: Lara.Jirmanus@bmc.org.
Marshall J. Glesby, Division of Infectious Diseases, Department of
Medicine, Weill Cornell Medical College, New York, NY, E-mail:
mag2005@med.cornell.edu. Luiz H. Guimarães, Ednaldo Lago, Maria
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