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Summary A cross-sectional survey was carried out in 2003 to investigate the epidemiology
of tuberculosis (TB) among the Surúı Indians, Brazilian Amazon. A total of 736 subjects (50.7%
females) were examined (80% of the total population). TB suspects underwent standardised
evaluation for the presence of signs and/or symptoms of active TB, including chest radiography,
PPD skin test, sputum microscopy examination for acid-fast bacilli and mycobacterial culture.
A Bacillus Calmette—Guerin vaccine scar was detected in 699 individuals (95.0%). Of all the
individuals examined, 120 (16.3%) had undergone previous TB treatment (46.7% females). One
hundred and nine individuals were assessed as TB suspects (52.3% females). The survey identified
six new cases of TB in the Surúı (three men and three women). Five of the six cases came from
only two of the ten villages. Mycobacterium tuberculosis colonies grew from 5 (4.6%) samples
(only two of which were also smear-positive) and mycobacteria other than M. tuberculosis
were isolated from 14 (12.8%) samples. Diagnosis of TB based exclusively on clinical grounds
was established only in the case of a 4-year-old girl. Based on this survey, the prevalence of
active TB in the sampled group (N = 736) was 815.2 per 100 000. This study highlights the urgent
need to review and strengthen control strategies directed at indigenous peoples in the country,
taking into consideration their social, cultural and environmental differences.
© 2005 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd. All rights
reserved.
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1. Introduction

Tuberculosis (TB) is highly endemic in Brazil. Despite major
government investments in control measures in recent
decades, the annual incidence of notified cases surpasses
50 new cases per 100 000 population (Barreto et al., 2002;
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Kritski and Ruffino-Netto, 2000). In some states and munic-
ipalities of the Amazon region, incidence rates may surpass
70 per 100 000.

Indigenous peoples in Brazil are particularly vulnerable
to TB, which accounts for a disproportionate percentage of
their morbidity and mortality. In these populations, recent
studies show that incidence rates might be nearly ten-fold
higher than that of the general Brazilian population (Baruzzi
et al., 2001; Coimbra and Santos, 2004; Escobar et al., 2001;
Garnelo et al., 2003; Santos and Coimbra, 2003; Sousa et al.,
1997), which may be related to rapid sociocultural changes,
a high prevalence of undernutrition and general deficiencies
in health services. Despite this scenario, few investigations
have been carried out focusing on the epidemiology and con-
trol of TB in Brazilian Indians.

In this study we report the results of a cross-sectional
survey aimed at detecting active TB in an indigenous
group presenting with a very high annual incidence of
notifications, namely the Surúı. According to the national
Indian health service, the Surúı figure among the top five
indigenous groups in the country with regard to the inci-
dence of TB (Relatório Morbimortalidade 2002. Fundação
Nacional de Saúde, Ministério da Saúde, Braśılia, Brazil,
unpublished annual report). Between 1991—2002, the aver-
age incidence of TB in the Surúı was 2518.9 per 100 000
inhabitants, with nearly half the cases diagnosed in chil-
dren <15 years old (Basta et al., 2004). As far as we are
aware, this is the most comprehensive TB survey carried
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2.1. Screening TB suspects and contacts

Physical examinations were carried out by one of the authors
(P.C.B.) accompanied by a Surúı health agent. The health
agent played an important role, as he helped to explain the
research plan and acted as interpreter when needed, dimin-
ishing cultural and linguistic barriers between researchers
and Surúı subjects.

The criteria for assessment as a TB suspect were cough
for more than 3 weeks accompanied by fever and/or weight
loss or weakness (American Thoracic Society, 2000). Adult
subjects who were selected as TB suspects underwent spu-
tum examination only, in accordance with standard tech-
niques. Sputum smears were examined in the field by
light microscopy by a technician of the local staff of the
National Tuberculosis Control Programme in the town of
Cacoal, Rondônia. Whenever possible, two early morning
samples per subject were collected. Following prepara-
tion of the smears, samples were kept in an icebox for
a maximum period of 10 days and flown to the micro-
biology laboratory in Rio de Janeiro. Mycobacterial cul-
tures on Lowenstein—Jensen slopes were processed follow-
ing Petroff’s method (Kent and Kubica, 1985). The sensitivity
of Mycobacterium tuberculosis strains isolated from sputum
was tested against standard anti-TB drugs (Canetti et al.,
1963).

Children <10 years of age who were coughing and had
fever and/or weight loss or weakness underwent chest radio-
g
w
a
t
t
y
h
c
u
w

P
i
f
1
B
m
w

c
s
f
d
c
t
h
v
u

t
v
o
s
s

ut to date in an Amazonian indigenous group of Brazil,
s it includes data on clinical, immunological (PPD), radi-
logical and bacteriological (sputum smear and culture)
ndings.

. Population and methods

he Surúı are a Tupi-Mondé-speaking indigenous society
ocated at the Sete de Setembro Indian Reserve, munic-
pality of Cacoal, state of Rondônia, south-west Brazilian
mazonia (approximately 60—61◦W, 10—11◦S). At the time
f fieldwork, the Surúı numbered 920 persons, living in a
otal of 135 houses distributed in 10 villages. Nearly 51% of
he population is <15 years old and approximately 20% is <5
ears of age (mean age, 18.6 years; median age, 14.5 years).
urúıland is crisscrossed by small to medium rivers and cov-
red by interfluvial tropical rainforest. Subsistence is based
n horticulture and hunting. Nowadays, coffee farming and
imbering are central to Surúı economy. Surúı society was
trongly affected by development policies promoted by the
razilian government in the 1960—70s, which led to mas-
ive migration of colonists to Amazonia. Permanent contact
f the Surúı with Brazilian national society took place in
969 and was followed by several epidemics of infectious
iseases, including malaria, flu, measles and TB (Chiappino,
975; Santos and Coimbra, 1998). Ever since, TB has become
n important cause of morbidity and mortality in this
opulation.

Data reported in this study were collected during two
eld trips (May and September 2003). All Surúı villages were
isited. A field clinic was established in every village and free
edical examinations were provided to all willing subjects

ndependent of age and sex.
raphy and PPD skin tests. Individuals, regardless of age,
ho had contact with TB patients were also radiographed
nd submitted to tuberculin skin tests. For the purpose of
his study, contacts were defined as those who had lived in
he same house as a smear-positive subject in the past 2
ears. This information was obtained from the local Indian
ealth service, which keeps a detailed record of household
omposition of the population. Those selected as contacts
nderwent the same examination routine, except sputum
as not collected.

PPD skin testing was undertaken with 0.1 ml (2 TU) of
PD-RT23 (Staten Serum Institute, Copenhagen, Denmark),
njected intradermally into the volar aspect of the left
orearm using 1-ml plastic disposable syringes fitted with
3 mm × 3.8 mm needles (Becton Dickinson, São Paulo,
razil). The transverse diameter of the induration was
easured by the same observer (P.C.B.). Skin test positivity
as defined as induration ≥10 mm at 72 h.

Owing to the difficulties involved in establishing clear-
ut criteria to diagnose pulmonary TB in children, the score
ystem recommended by the Brazilian Ministry of Health was
ollowed (Sant’Anna et al., 2003). This system is indepen-
ent of bacteriological data and considers three possible
ategories for the diagnosis of TB based on the interpre-
ation of clinical manifestations, radiological abnormalities,
istory of contacts, PPD reactivity and nutritional status: (1)
ery likely (≥40 points); (2) possible (30—35 points); or (3)
nlikely (≤25 points).

Radiographs were taken in the nearest facility in the
own of Cacoal (approximately 50 km away from the reser-
ation). Routine chest radiographs were examined by two
f the authors (P.C.B. and L.C.C.A.). Radiographs were clas-
ified as: (a) normal; (b) abnormal and consistent with TB
equelae; (c) abnormal and consistent with active TB; or (d)
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abnormal but not consistent with TB (Sociedade Brasileira
de Pneumologia, 2004). The presence of cavities, upper lobe
fibrosis, infiltration affecting one or more zones, and pleu-
ral effusion were reported as consistent with TB (American
Thoracic Society, 1990).

2.2. Management of TB patients

Patients diagnosed with TB (independently of their sputum
smear status) were referred to the nearest facility of the
TB Control Programme in the town of Cacoal. Appropriate
chemotherapy was immediately initiated in all cases follow-
ing national guidelines put forth by the Brazilian Ministry of
Health (Kritski and Ruffino-Netto, 2000; Sociedade Brasileira
de Pneumologia, 2004).

2.3. Ethical considerations

Prior to commencement of the study, ethical approval was
obtained from the National Commission of Ethics in Research
(CONEP) of the National Health Council, Ministry of Health. A
research permit was also obtained from the National Indian
Foundation (FUNAI). Informed consent was obtained from
village leaders since most subjects were not literate in Por-
tuguese.

2.4. Analysis

population (N = 920). One hundred and sixty-nine individ-
uals did not participate in the investigation because they
were absent from the villages at the time of the visit
by the research team and 15 individuals refused to par-
ticipate, thus excluding 184 individuals (114 men and
70 women).

A Bacillus Calmette—Guerin (BCG) scar was detected in
699 individuals examined (95.0%) (Table 1). Most (25; 67.6%)
of the 37 individuals without a scar were >20 years of age.
Only two were <1 year old and five were 1—5 years old. There
were five individuals older than 65 years who did not have a
BCG scar.

Of all the individuals examined, 120 (16.3%) had under-
gone previous TB treatment according to local records (64
men and 56 women; �2 = 0.53, 1 d.f., P = 0.47). The mean
age of these subjects was 25.4 years (SD 19.3), whilst for
those without previous history of TB it was 17.0 years (SD
15.7) (Student’s t-value = 5.14, 734 d.f., P < 0.001). The dis-
tribution of individuals with history of TB is not homoge-
neous among the villages (�2 = 156.3, 10 d.f., P < 0.001).
Two villages, Linha 14 (49; 40.8%) and Linha 9 (14; 11.7%),
accounted for over half of the cases of individuals with pre-
vious history of TB.

One hundred and nine individuals were assessed as TB
suspects (52 men and 57 women; �2 = 0.23, 1 d.f., P = 0.63)
(Table 1). Of these, 27 (24.8%) had undergone previous TB
treatment. The mean age of TB suspects was 35.0 years (SD
22.2), with no statistically significant difference between
s
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Descriptive statistics, �2 test to assess differences in pro-
portions, and Student’s t-test to assess differences in means
were performed using SPSS software version 9.0 (SPSS Inc.,
Chicago, IL, USA). P-values <0.05 were considered statisti-
cally significant, and 95% CI were constructed around esti-
mates.

3. Results

A total of 736 Surúı Indians (50.7% females) from all
villages were examined, accounting for 80% of the total

Table 1 Tuberculosis (TB) status of the studied population by
scar for the Surúı Indians, Brazilian Amazon, 2003

Variables Subjects not examineda Subjects examine

n % n %

Sex
Male 114 62.0 363 49.3
Female 70 38.0 373 50.7

Age (years)
0—15 72 39.1 400 54.3
≥15 112 60.9 336 45.7

BCG scar
Yes —– —– 699 95.0
No —– —– 37 5.0

Total 184 736

MOTT: mycobacteria other than Mycobacterium tuberculosis.
a Individuals who were absent from the villages at the time of fie
exes (Student’s t-value = 0.25, 107 d.f., P = 0.81).
Of the 109 sputum samples processed, acid-fast bacilli

ere detected in 2 (1.8%). Mycobacterium tuberculosis
olonies grew from 5 (4.6%) samples on Lowenstein—Jensen
lopes (only two of these were also smear-positive).
ycobacteria other than M. tuberculosis (MOTT) were iso-

ated from 14 (12.8%) samples (Table 2). One strain of M.
uberculosis showed resistance to rifampicin and isoniazid.
his strain was isolated from the sputum of a 46-year-old
an who had been undergoing standard TB treatment at
CT-Cacoal for 4 months. According to local records, the
atient was attending his monthly appointments with the

age and presence of Bacillus Calmette—Guerin (BCG) vaccine

TB suspects Confirmed cases MOTT

n % n % n %

52 47.7 3 50.0 5 35.7
57 52.3 3 50.0 9 64.3

22 20.2 2 33.3 2 14.3
87 79.8 4 66.7 12 85.7

99 90.8 6 100.0 11 78.6
10 9.2 0 0.0 3 21.4

109 6 14

k (n = 169) or who refused to participate (n = 15).
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Table 2 Clinical and laboratory findings for tuberculosis (TB) among Surúı Indians, Brazilian Amazon, 2003a

Variables TB suspects Contacts Confirmed cases MOTT

n % n % n % n %

PPD skin test
0—4 mm 13 26.5 56 66.7 —– —– 2 20.0
5—9 mm 8 16.3 3 3.6 —– —– 2 20.0
≥10 mm 28 57.1 25 29.8 3 100 6 60.0
Proportion testedb 49/109 84/148 3/6 10/14

Radiography
Normal 25 52.1 42 65.6 —– —– 5 45.5
Abnormal and consistent with

TB sequelae
11 22.9 6 9.4 —– —– 6 54.5

Abnormal and consistent with
active TB

9 18.8 11 17.2 6 100 —– —–

Abnormal but not consistent
with TB

3 6.3 5 7.8 —– —– —– —–

Proportion radiographedb 48/109 64/148 6/6 11/14

Culture
No bacterial growth 90 82.6 —– —– —– —– —– —–
Mycobacterium tuberculosis 5 4.6 —– —– 5 100 —– —–
MOTT 14 12.8 —– —– —– —– 14 100.0
Proportion testedb 109/109 0/148 5/6 14/14

MOTT: mycobacteria other than M. tuberculosis.
a The different columns do not add because not all subjects underwent the same set of examinations. Only children and contacts were
tested with PPD skin test and were radiographed. Sputum smear and culture were used in adult TB suspects.
b Numerators refer to the number of individuals tested and denominators refer to the total number of individuals classified as suspects,
contacts, confirmed cases and MOTT, respectively.

programme’s physician in Cacoal and was reported to be
taking the medication that was dispensed to him at every
consultation in accordance with the prescription.

One hundred and thirty-three PPD skin tests were per-
formed on TB suspects and contacts (Table 2). Seventy-two
(54.2%) were children <10 years of age. It was found that
53 (39.8%) individuals were PPD-positive (13 (24.5%) were
children <10 years of age).

A total of 112 TB suspects and contacts were radio-
graphed (Table 2). Fifty-nine (52.7%) were <10 years of age.
Chest radiograph abnormalities consistent with active pul-
monary TB were found in 20 (17.9%) subjects (11 (55.0%)
were children <10 years of age).

The survey identified six new cases of TB in the Surúı
(three men and three women; mean age 19.2 years, SD
14.2). Five cases were culture-positive (Table 2) and only
two were also smear-positive. Diagnosis of TB based exclu-
sively on clinical grounds was established in only one case,
a 4-year-old girl. The child was PPD-positive (induration
20 mm) and presented an abnormal chest radiograph, show-
ing left parenchymal infiltration and intrathoracic lym-
phadenopathy. According to the diagnostic criteria used, this
patient scored 55 points, thus placing her in the TB very
likely category (≥40).

The distribution of new TB cases was highly concen-
trated; almost all newly screened active TB cases in this
study came from one large village complex that includes
Linha 14 and Placa, which also accounts for close to half of
a
P

frequently. The total population of this village complex was
260 individuals at the time of fieldwork and 204 (78.5%) were
examined. Based on this survey and considering the sampled
population, the prevalence of active TB in this village com-
plex was 2451 per 100 000.

For the ten Surúı villages, the prevalence of active TB in
the sampled group (N = 736) was 815.2 per 100 000; five of
six cases were culture-positive (Table 2).

4. Discussion

Despite the scantiness of information, the available liter-
ature and the findings of this study highlight that ethnic
minorities in Brazil as being disproportionately affected by
TB. The disease is highly endemic among indigenous peo-
ples in Amazonia, with some communities significantly more
affected than others. This study confirms that TB is a major
public health concern for the Surúı Indians. The preva-
lence of active TB revealed by this investigation (815.2 per
100 000) is much higher than for the general population in
the state of Rondônia (37.5 per 100 000 in 2003) or in Brazil
(41.9 per 100 000 in 2003), according to data gathered by
the National Tuberculosis Control Programme.

During the first semester of 2003, prior to the beginning of
our study, the local health service had diagnosed six cases
of TB among the Surúı. This study added six new cases of
disease to this pool, thus highlighting the important role
t
s

ll prior cases reported. The distance between Linha 14 and
laca is approximately 3 km, and their inhabitants interact
hat active case-finding might play in designing alternative
trategies for TB control among indigenous groups. Of the six
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new cases, five were confirmed bacteriologically. This is an
important finding, since it shows the potential for exposure
to M. tuberculosis within the community.

TB is not homogeneously distributed among Surúı vil-
lages. Based on historic records from the local health ser-
vice, Linha 14—Placa village complex accounts for nearly
half of the cases (Basta et al., 2004). Linha 14 is the largest
Surúı village (n = 187) and presents 20% of the total indige-
nous population within the reservation (the total population
in the other nine villages averages 81 persons). Based on
data obtained from this survey, we were unable to advance
an explanation for the high concentration of cases in this
particular complex of villages (Linha 14 and Placa), thus
highlighting the need for more in-depth epidemiological
investigation and intensification of TB control strategies.

For the purpose of this study, MOTT were considered
an environmental contaminant. Therefore individuals from
whom MOTT were isolated were not treated. It should also
be mentioned that despite the existence of a few records
on the association between MOTT and pulmonary disease in
the Brazilian Amazon (Barreto and Campos, 2000; Salem et
al., 1989), there is no reference to the isolation of these
mycobacteria in the south-western portion of the region
where this investigation was conducted.

Studies regarding TB epidemiology in indigenous commu-
nities in Brazil are few. Analysis of passive morbidity based
on secondary information drawn from local offices of the
National TB Control Programme may shed light on some key

communities face hardships that compromise their liveli-
hood within reservation boundaries, associated with poor
housing, lack of sanitation, epidemics and food insecurity,
among others. As a result, a growing number of Indian fam-
ilies are migrating to urban centres and establishing them-
selves in the peripheries of major Amazonian cities. Thus,
the view of Amazonian Indians living a fairly secluded life
in isolation from ‘civilization’ does not correspond to the
reality of a rapidly growing number of indigenous societies.

The social and environmental conditions of Surúı commu-
nities and villages are no exception to this gloomy scenario.
Present-day Surúı housing departs from traditional palm-
thatched longhouses characteristic of Amazonian Indian
societies, considered to confer better protection against
the elements than so-called ‘modern’ houses built after
local poor peasants (Kroeger, 1980). Most Surúı houses are
now made of wood boards or bricks, have a very low ceiling,
few internal partitions and rarely any windows. In addition,
overcrowding is frequent, with an average of seven persons
per house (approximately 2 m2/person/house).

Attempts to adhere to traditional housing patterns are
few and, even so, the final result is that of an over-
crowded house, poorly thatched with a mix of palm leaves
and pieces of plastic. Subsistence in the reservation has
also been directly affected by changes in Surúı economy.
Chronic undernutrition affects over half of the population,
with a greater burden among children. Approximately 70%
of Surúı children aged 1—10 years were anaemic (Coimbra
a
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issues pertaining to the patient as well as the quality and
coverage of health services made available to indigenous
peoples in the country. Overall, recent studies conducted
along those lines have provided strong evidence that
indigenous peoples in Brazil appear to be particularly more
vulnerable to TB, with Indians presenting an increased risk
of acquiring and dying from TB compared with non-Indians
in Brazil (Basta et al., 2004; Escobar et al., 2001; Garnelo
et al., 2003; Marques and Cunha, 2003).

Studies that investigated the characteristics of PPD skin
test reactivity in Amazonian Indians have reported high
rates of anergy, usually over 60%, even when relatively high
BCG coverage is observed (Crevel et al., 2004; Gonzáles
et al., 2003; Sousa et al., 1997). Among the Wari’ peo-
ple of Rondônia, a post-BCG vaccination PPD survey failed
to reveal more than 40% of reactors, even with a recent
BCG booster (Escobar et al., 2004). Against a background of
extremely high incidence rates of TB and of PPD reactivity
below expected, some authors suggest the possibility of yet
unclear immunological mechanisms that may be underlining
the reported diminished cell-mediated immune responses
against M. tuberculosis in South American Indians and thus
enhanced susceptibility to infection and disease (Crevel et
al., 2004; Gonzáles et al., 2003; Hurtado et al., 2003; Sousa
et al., 1997).

TB is historically known to researchers in the fields of the
social sciences and medicine alike for its multidimensional
determinants. The disease is strongly rooted in poverty and
thrives under conditions of socio-economic and political
breakdown. At present, the health of indigenous peoples
in Brazil, particularly in Amazonia, is a complex outcome
of swift sociocultural and environmental changes forged
by expansionist national population movements (Coimbra
and Santos, 2004; Santos and Coimbra, 2003). Many Indian
nd Santos, 1991; Santos and Coimbra, 1991, 1998).
This study also contributes to the assessment of pub-

ic health practices designed to assist indigenous peoples
n Brazil. It was of concern that the sensitivity of sputum
mear examination, the only practical method to confirm
ulmonary TB in regions such as Rondônia, was surpris-
ngly low, detecting only two cases in five subjects who
ad M. tuberculosis isolated in a culture of the same spec-
men. This is in direct contradiction with well established
hought, according to which the examination of two consec-
tive sputum smears should be almost as efficient as culture
t detecting pulmonary cases (Andrews and Radhakrishna,
959; Mitchison, 1968; Yassin and Cuevas, 2003). The patient
ith multidrug-resistant TB constitutes another case in
oint. This middle-aged man was considered by the staff of
he TB Control Programme in Cacoal as an exemplary patient
ince he did not miss his monthly appointments in town nor
id he refer to skipping his daily pills (two combined pills
f 300 mg rifampicin and 200 mg isoniazid plus three pills of
thambutol 400 mg, totalling five daily pills). When visited
y our research team in his home he confirmed that, indeed,
e was taking his daily pills; however, it was only one per
ay. This case illustrates the consequences of deficient com-
unication between health services personnel and Indian
atients, a challenge that may be particularly sensitive to
pproach in contexts where political, cultural and linguis-
ic barriers may hamper communication, understanding and
rust on the part of patients and health professionals alike.

The TB situation among indigenous peoples in Brazil
emains a serious burden and has not shown significant
mprovements despite various control strategies put forth
y Brazilian public health agencies during the last three
ecades. Considering that the cornerstone of an effective
B control programme is early diagnosis, this study highlights
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the urgent need to review and strengthen control strategies
directed at indigenous peoples in Brazil, taking into consid-
eration their social, cultural and environmental differences.
This study also shows the important role that active case-
finding may play in the design of a TB control strategy for
indigenous peoples, since none of the individuals diagnosed
during fieldwork had sought previous medical attention at
local health facilities.
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