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This paper reports the results of a cross-sectional survey aimed at characterizing the epidemiology of 
American cutaneous leihsmaniasis (ACL) in 3 Tupi-Mond6-speaking Amerindian groups from the 
Brazilian Amazon region. Data include results of Montenegro skin tests (n=550), serology (n=233), 
and physical examinations (n=676). Rates of skin test positivity were higher for males and differed 
between the groups (Gavi~o 43.0%, Surui 52.8%, Zor6 68.1%), with a trend toward increase with age. 
Strong associations were also detected for the presence of suggestive ACL scars, on the one hand, and 
age, sex, and tribal affiliation, on the other. Although 14.7% of the subjects showed typical scars of past 
ACL disease, only 3 cases of active primary leishmanial ulcers were observed. The results did not indicate 
any clear association between seropositivity and positivity to the Montenegro intradermal test or presence 
of scars. The authors discuss the epidemiology of ACL in the Tupi-Mond6 in the light of their ecology 
and recent history. 
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1. Introduction 

American cutaneous leishmaniasis (ACL) is widely distributed in Brazilian 
Arnazonia. Most of the recent literature on the epidemiology of ACL in this region 
focuses on new settlers. Little is known about ACL in Amazonian native groups. 
Data on Amerindians suggest that infection is common, while clinical cases tend to 
be rare (Lainson et al., 1973; Colchester, 1985; CENEPI, 1992). This in contrast 
with the epidemiology of ACL in recently colonized areas, where outbreaks are 
frequently reported (Pinheiro et al., 1974; Fraiha, 1983; Lainson, 1983,1988; 
Marzochi and Marzochi, 1994). 

This study provides information on the epidemiology of ACL in a set of 
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Amazonian Amerindian populations who inhabit a region of intense migration and 
where leishmaniasis is highly endemic, with incidence rates over 200 cases/100 000 
inhabitants/year (Vieira et al., 1990). The data reported in this paper include results 
of Montenegro skin tests, serology, and physical examinations. 

2. Materials and methods 

2.1. Study area and sample groups 

The Tupi-Mond6 Amerindians of southwestern Brazilian Amazonia comprise 
culturally and biologically related populations, living in federal reservations located 
on the border between the states of Rond6nia and Mato Grosso (60-61°W, 
10-12°S). This study deals with 3 of these societies: the Gavi~o, Surui, and Zor6. 

Average monthly temperature in the region is 24-27°C. Annual rainfall in 
Rond6nia averages 2500 mm in the north and 1750 mm on the border with Mato 
Grosso. The rains peak in January-March, whereas the driest period is June-August. 
Tupi-Mond6 territory is covered with interfluvial upland forest, characterized by tall 
canopy and limited penetration of sunlight. The dense forest is occasionally 
interrupted by palm groves. Generally speaking, the terrain is smoothly undulated 
and not susceptible to flooding. The highest elevations reach 400 m above sea level. 

Tupi-Mond6 traditional subsistence is based on slash-and-burn horticulture, com- 
plemented by hunting, fishing and the gathering of forest products (Coimbra, 1989; 
Santos, 1991). The Gavi~o were the first of the 3 groups studied to establish 
permanent contact with Brazilian nationals, back in the 1940s. Their population 
numbered 228 individuals in 1990. For most of the year, the Gavi~o are dispersed 
in small family units living in the forest where the men tap rubber trees. At present, 
horticulture plays a secondary role in the Gavi~o economy. The Surui were contacted 
in 1969 and in 1990 their population numbered approximately 490 individuals, 
distributed in 10 villages. Since the early 1980s the group became involved in coffee 
farming, timbering and cattle ranching. The Zor6, who were contacted in 1977, 
numbered 215 individuals and lived in a single village in 1990. At this time, the 
group still largely relied upon traditional subsistence practices (Coimbra, 1989; 
Santos, 1991). 

2.2. FieM and laboratory procedures 

Field work was carried out in July-August 1990. As Tupi-Mond6 population sizes 
are small, the aim of the skin test survey was to sample everyone over 1 year of age. 
Each subject was given an intracutaneous injection (0.1 ml) with a one-way syringe 
fitted with a 15 x 0.5 mm needle in the anterior surface of the right forearm. The 
standardized parasite antigen (leishmanin) contained 40 #g proteic N/ml and was 
obtained from the Institute of Biological Sciences of the Federal University of Minas 
Gerais, Belo Horizonte, Brazil (Melo et al., 1977). Previous studies have shown that 
this antigen is highly sensitive and specific (Melo et al., 1977; Souza et al., 1992; 
Valim, 1993). Visceral leishmaniasis and Chagas' disease are not endemic in the area 
inhabited by the Tupi-Mond6. 

Intradermal reactions were read at 24, 48 and 72 h post-injection by the same 
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observer (Valle) using a flexible plastic ruler graduated in mm. Induration diameters 
>5 mm at 24, 48 and/or 72 h post-injection were considered positive. Subjects 
underwent physical examinations aimed at identifying skin lesions and/or scars 
compatible with actual or past ACL infection. For the purpose of this study, a 
'typical' ACL scar was defined as an atrophic scar presenting well-defined circular 
contour and abnormally increased coloration. 

Indirect immunofluorescent tests (IF) were performed following Marzochi et al. 
(1980) and Souza et al. (1982). The fluorescent sets for human anti-IgM and anti- 
IgG (Biolab, Brazil) were diluted in PBS-Evans' Blue 1 mg per 100 ml at the time 
of the test, 1:50 in both conjugates. All samples were examined in an optical 
microscope (Carl Zeiss) with incidental illumination (HBO-50 Osram). 

Since the age and sex compositions of the 3 Tupi-Mond6 groups are similar, age- 
and sex-adjusted prevalence rates were not computed. Statistical analysis was carried 
out using the SPSS-PC program (SPSS, 1992). 

3. Results 

A total of 550 individuals from the 3 tribes were skin-tested with leishmanin, 
corresponding to 75.4% of the Gavi~o, 53.6% of the Surui, and 52.6% of the Zor6 
total populations. Table 1 shows the number of individuals evaluated at 24, 48 and 
72 h for the intensity of response to delayed-type hypersensitivity. Rates of missing 
subjects at re-examinations, from the first to the third reading, were 55.3% for the 
Gavi~o, 46.7% for the Surui, and 30.6% for the Zor6. Further analyses did not 
provide evidence of selective loss by age and sex at the 3 reading times. 

Frequencies of positivity for each tribal group were relatively close when readings 
at 24, 48 and 72 h were compared (P>0.05) (Table 1). Notwithstanding, rates of 
positivity across tribal groups differ for each of the 3 reading periods (P<0.05), 

Tab le  1 

F requenc i e s  o f  pos i t ive  M o n t e n e g r o  sk in  test  a c c o r d i n g  to  t r iba l  g r o u p  a n d  t im ing  o f  r e a d i n g  

T r iba l  g r o u p s  T ime  o f  r e a d i n g  

4 h a 48 h b 72 h c 

G a v i a o  n = 159 n =  168 n = 7 1  

39.0% 41 .1% 43.7% 

Suru i  n = 246 n = 253 n = 131 

50.0% 48 .6% 42.0% 

Z o r 6  n =  108 n = 113 n = 7 5  

66 .7% 66.4% 60.0% 

B e t w e e n - g r o u p  c o m p a r i s o n  P = 00.0  P = 0 .00 P = 0.00 

C o m b i n e d  n = 513 n = 543 n = 277 

50.1% 50.0% 47.3% 

a _> 5 m m  a t  24 h r ead ing .  

b > 5 m m  a t  48 h r ead ing .  

> 5 m m  a t  72 h r ead ing .  

P s t a n d s  f o r  c h i - s q u a r e  P -va lue .  
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with the Zor6 showing the highest values. As shown in Fig. 1, regardless of time of 
reading, most positive reactions fell between 10 and 20 mm. 

Additional results of the skin test survey may be found in Table 2 and Fig. 2. 
There are statistically significant differences in rates of positivity across age groups 
(P=0.00), with a trend toward increase with age. Rates are already close to 40% in 
the second decade of life and beyond 80% in subjects older than 20 years of age. 
Similar patterns are observed when positivity is evaluated according to sex and tribal 
affiliation (Fig. 2). Rates of positivity tend to increase at a higher rate in males than 
in females. Near half of the male and female samples had positive skin reactions 
(Table 2). The chi-square test yielded a P-value close to the border of significance 
(P= 0.05). Finally, there are clear-cut and statistically significant inter-tribal differ- 
ences in percentages of positive reactions (P = 0.00). Values are lowest for the Gavi~o 
(43.0%) and highest for the Zor6 (68.1%). 

Table 2 also shows that strong associations were detected for the presence of 
suggestive ACL scars, on the one hand, and age, sex, and tribal affiliation, on 
the other. 

Fig. 3 shows sex-specific rates of positive Montenegro skin tests in Tupi-Mond6 
children (< 10 years of age) and adults (>20 years of age). Adolescents were not 
included due to small sample sizes. Statistically significant differences were not 
observed in children of either of the groups, in adults, only in the Gavifio. Similarly, 
differences in adults, but not in children, were found when frequencies of suggestive 
ACL scars were compared (see Table 3 for further data on adults). 

Physical examinations were performed in 676 subjects. Only 3 cases of active 
primary leishmanial ulcers were observed, in two Gavi~o (one male and one female) 
and in one Zor6 (female) young adults. Both Gavi~o subjects presented single ulcers 
with raised borders on their legs; the Zor6 woman showed a nasoseptal lesion 
without mucosal involvement. These 3 cases were later confirmed by histopathologi- 
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Fig. 1. Distribution of positive Montenegro skin tests (> = 5 mm) according to diameter of induration 
and timing of reading, Tupi-Mond6 Amerindians, 1990. 
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Table 2 
Positive Montenegro skin tests (>  5 mm) and presence of suggestive ACL scars according to age, sex and 
tribal group 

Variables Results 

Montenegro b Scars 

n % n % 

Age group" 
1-9.9 205 18.5 263 5,7 
10-19.9 110 42.7 137 13.9 
20-29.9 86 83.7 95 25.3 
30-39.9 70 90.0 75 26.7 
> 40 75 92.0 102 20.6 

P = 0.000 P = 0.000 
S e x  a 

Males 281 56.9 346 19.7 
Females 268 48.5 330 9.7 

P=0.047 P=0.000 
Tribal group 
Gavi~o 172 43,0 270 18.1 
Surui 265 52.8 263 9.5 
Zor6 113 68,1 147 17.7 

P=0.000 P=0.01 

"tribal groups combined. 
b > 5 mm at 24, 48 and/or 72 h readings. 
P stands for chi-square P-value. 

cal staining of tissue fragments, which were obtained by means of punch biopsy of 
lesions and kept in 10% formalin until processing. These subjects were referred to 
the Ji-Paranfi regional hospital of the National Health Foundation for treatment. 

Typical scars of past ACL disease were observed in 14.7% of Tupi-Mond6 subjects 
(Table 2). In the group of subjects who underwent both skin test and physical 
examination (n = 530), the following results were obtained: for those with scars, 
93.3% were skin-test-positive and 6.7% were negative; for those without scars, 45.2% 
tested positive and 54.8% tested negative for the skin test (P < 0.05). A high associa- 
tion between scar and skin test positivity persisted when the sample was segregated 
by tribal group. 

A total of 233 serum samples were tested by indirect immunofluorescence (IF) 
for antibodies to leishmanin antigens. Only 4.0% and 4.5% showed titers > 1:45 for 
IgG and IgM, respectively. For IgG, 1.3% presented titers > 1:90, while none tested 
for IgM reached this titer. The results did not indicate any clear association between 
IF positivity (IgG and IgM) and positivity to the Montenegro intradermal test or 
presence of scars. 

4. Discussion 

Little is known about the epidemiology of ACL in Amazonian Amerindians. The 
available studies suggest that cutaneous leishmaniasis in these populations is charac- 
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Fig. 3. Between-sex comparison of positive Montenegro skin tests in Tupi-Mond6 children and adults, 
1990. 

Table 3 
Presence of suggestive ACL scars in Tupi-Mond6 
groups 

adults (> 20 years of age) according to sex and tribal 

Tribal groups Females Males P' RR (95% CI) 

Gavi5o n = 46 n = 49 0.03 3.08 
19.6% 42.9% ( 1.23-7.76) 

Surui n = 56 n = 51 0.22 2.15 
12.5% 23.5% (0.77-5.99) 

Zor6 n = 36 n = 34 0.12 2.97 
13.9% 32.4% (0.90-9.72) 

P' stands for continuity-adjusted chi-square P-value. 
RR stands for relative risk and 95% confidence interval. 

terized by endemic infection and rare cases of  actual disease (Lainson, 1988; 
CENEPI ,  1992). The only epidemics of  ACL in Brazilian Amerindians reported in 
the literature took place among the Waur~t f rom the Upper  Xingu River (Carneri 
et al., 1963; Carneri, 1964). It  broke out shortly after they were moved into a new 
area, which led the authors to advance the hypothesis of  exposure to some local 
strain of  Leishmania to which the Waur~i had no cross-immunity. A revisit 5 years 
latter showed high rates of  skin test positivity in the absence of  active lesions (Aston 
and Thorley, 1970). 

The results of  this study conform to the pattern detailed above: high rates of  
positivity to the Montenegro skin test, rarity of  active pr imary ACL lesions, and 
increase in reactivity with age. Absence or benign character of  leishmaniasis in 
Amazonian Amerindians, compared to high prevalences of  infection and disease in 
non-Indians, have been reported by other authors (Lainson et al., 1973; Colchester, 
1985; CENEPI ,  1992). The human biological and epidemiological factors explaining 



208 

these differences are not clear. Some authors have advanced the hypothesis of 
hereditary differences in resistance to Leishmania infection in human populations 
(Aston and Thorley, 1970; Walton and Valverde, 1979). Although experiments in 
mice have provided evidence for genetic-based susceptibility (Tolla et al., 1981; 
Blackwell, 1985), studies in humans have not confirmed such an association (Barbier 
et al., 1987; Esterre and Dedet, 1989). 

The Tupi-Mond6 show high rates of positivity to the Montenegro skin test and 
broad inter-group differences. The reasons for such differences in culturally and 
biologically related populations are difficult to explain. They possibly stem from 
long-term exposure to multiple epidemiological factors whose influences upon each 
of the Tupi-Mond6 groups are difficult to elicit on the basis of the available cross- 
sectional data. In the following paragraphs we anticipate an ecological explanation 
for the between-sex differences observed in positivity to ACL infection in the Tupi- 
Mondt, in particular for the Gavi~o. 

In contrast with other areas of Brazil where ACL has become an urban problem, 
with predominant intra- or peridomiciliary transmission (Souza et al., 1992; Passos 
et al., 1993; Marzochi and Marzochi, 1994), the Amazon remains a region where 
sandfly/mammalian-host cycles prevail (Lainson, 1983). In Amazonia, transmission 
often takes place when individuals intrude into a sylvatic cycle. As such, subsistence 
practices, including forest clearing, lumbering, rubber tapping and hunting, may 
result in greater exposure to infected sandflies. This pattern has led several authors 
to consider ACL as an occupational and gender-related hazard in Amazonia, which 
affects adult males in particular (Lainson and Shaw, 1978; Biancardi, 1981; Fraiha, 
1983; Lainson, 1983; Marzochi and Marzochi, 1994). 

The comparative analysis of rates of infection stratified by group and sex showed 
discrepancies when the 3 Tupi-Mond6 tribes were compared: Gavigo adult males 
and females differ in rates of positivity and presence of scars, while Surui and the 
Zor6 do not. These findings suggest that, at least in these two groups, leishmaniasis 
does not behave as a gender-related occupational hazard, as described for other 
Amazonian populations and as would be expected in the light of the tasks carried 
out by male and female subjects in the Tupi-Mond6 traditional subsistence system. 
Even at present, Surui and Zor6 women are responsible for most agricultural work, 
except for forest clearing. In addition, like their male counterparts, they also actively 
explore a variety of ecosystems in the village vicinities, as when they gather forest 
products and/or join men in hunting treks. That is, Surui and Zor6 subsistence 
practices lead both men and women to intrude into enzootic microfoci where they 
may both become infected. Gavi~to women, on the other hand, are much less involved 
in horticulture than their Surui and Zor6 counterparts. For some decades, Gavigo 
families have made their living from the selling of rubber, which provides cash for 
shopping for food in nearby towns. Horticulture has become of secondary impor- 
tance to this group. While Gavifio women are possibly at a lower risk of acquiring 
the infection, as their involvement in agricultural work has diminished, a high risk 
of infection has persisted for Gavi~o males due to their daily routine of tapping 
rubber trees in the forest. Data from other investigations have provided indirect 
support for this ecological interpretation of the gender differences in rates of infection 
and disease. Studies carried out in other endemic areas of ACL in Brazil, and which 
have compared agriculturalist and non-agriculturalist women, have also concluded 
that involvement in agriculture indeed constitutes a major risk factor for infection 
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(Biancardi, 1981; Valim, 1993). A similar conclusion was reached by Lainson et al. 
(1973) in their study on the Kayap6-Xikrin, an Amerindian group from the Brazilian 
Amazonia. 

The rarity of active leishmanial ulcers in the Tupi-Mondr, coupled with a relatively 
high prevalence of scars indicating past infection, suggests that ACL probably occurs 
with low morbidity. As the Tupi-Mond6 do not have regular access to health services, 
most individuals are not provided with antimonial treatment. This raises two issues: 
either home remedies are very efficacious or leishmanial ulcers tend to heal spontane- 
ously. The use of home remedies in the treatment of ulcers, including different kinds 
of powders, plant infusions and even chemicals such as formalin or DDT, has been 
observed by a number of authors (Biancardi, 1981; Marsden et al., 1984; Netto 
et al., 1985; Armijos et al., 1991; Kroeger et al., 1991; V~izquez et al., 1991). Recent 
research shows that indigenous plant therapy appears to be a promising alternative 
in the topical treatment of cutaneous leishmaniasis (Fournet et al., 1992). Tupi- 
Mond6 informants referred to the topical application of heated animal bones or 
sticks from special trees in the treatment of long-lasting skin ulcers. Whether or not 
home remedies are effective, several authors have shown that leishmanial ulcers 
generally resolve, eventually, even in the absence of specific treatment, the species 
of Leishmania probably being the primary determinant of the clinical course of 
untreated lesions (Marsden et al., 1984; Herwaldt et al., 1992). 

A high frequency of positive Montenegro skin tests in the absence of clinical 
evidence of present or past disease may suggest that ACL cases in the Tupi-Mond6 
are mostly subclinical or inapparent. Data from studies carried out in endemic areas 
where individuals are exposed to infected sandflies from an early age support this 
contention (Souza et al., 1992; Marzochi and Marzochi, 1994). Alternatively, it has 
also been suggested that leishmanin positivity in the absence of clinical evidence of 
disease may be due to human infection with 'non-pathogenic' species of Leishmania 
from mammal or even reptilian reservoirs (Imperato et al., 1973; Marsden and 
Nonata, 1975). 

To sum up, this study showed that the Tupi-Mond6 present an effective cellular 
immunological response to Leishmania infection, rare cases of active lesions and a 
rapid increase of skin-test reactivity with age. Although ACL does not appear to be 
a major health concern for the Tupi-Mondr, researchers and health professionals 
should pay attention to this infection as a number of subjects presented scars 
indicative of past disease. In addition, Tupi-Mond6 reservations are located in a 
region where ACL is highly endemic, particularly affecting new settlers in neighboring 
colonization projects. 
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