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SETTING: An aboriginal community of 653 persons.
OBJECTIVE: To determine the prevalence of pulmonary
tuberculosis (PTB) and to analyse related factors.
DESIGN: The total population was surveyed; those with
chronic productive cough were asked to provide sputum
specimens. PTB was diagnosed by bacilloscopy (acid-
fast bacilli [AFB]). An analysis of socio-economic factors
and clinical history associated with chronic cough or
positive smear for PTB was carried out using multiple
correspondence analysis and logistic regression models.
RESULTS: Two hundred and two patients were identi-
fied with chronic cough and 173 with chronic produc-
tive cough. Chronic cough was associated with having a
history of PTB (adjusted OR � 4.89, 95%CI 2.6–9.4)

and with work-related migratory movements (adjusted
OR � 2.05, 95%CI 1.3–3.3). Of 92 coughers with spu-
tum samples analysed, 44 (47.8%) were PTB-positive,
giving a prevalence of 6.7% in the whole population. In
the groups aged 15–34 and �45 years, women had higher
positivity rates than men, whereas in the group aged
35–44 years rates were higher in men. Twenty-seven per
cent of families had one to four smear-positive members.
CONCLUSION: The Tuberculosis Control Programme in
the area studied needs to be strengthened, taking into ac-
count the ethnic context, work-related migration and the
socio-economic and geographic context.
KEY WORDS:  pulmonary tuberculosis; Ecuador; diagno-
sis; risk factors; poverty

TUBERCULOSIS (TB) in Latin America is an impor-
tant public health problem, particularly in indigenous
communities.1–3 However, the prevalence and incidence
of TB in these communities may be underestimated
due to inadequate detection and treatment, shortcom-
ings in medical practice, lack of reliable information
systems4 and inadequate funding for TB control. As a
result, the real magnitude of pulmonary TB (PTB) in
indigenous communities is unknown, although there
is anecdotal clinical experience that the problem is
significant.

According to official statistics, 6.1% of the popu-
lation in Ecuador is indigenous.5 However, other sta-
tistics estimate this figure to be 45%.6 Indigenous
populations are the poorest in the country, with 91%
living in poverty.5,6 The majority of the population of
Cotopaxi province is indigenous.5 In 2001, the infant
mortality rate in Cotopaxi was double the national
average,5 child malnutrition levels were the highest in
the country, and rates of reported TB were 101.9 per
100 000 population,7 compared to a national average
of only 43.4/100 000.8

In 2001, a schoolteacher of an indigenous commu-
nity in Cotopaxi (‘Chine’) was diagnosed with PTB.
Initial and further contact tracing revealed that PTB
was widespread in this community. It was therefore
decided to conduct a study to analyse this situation.

MATERIALS AND METHODS

Study population
Chine is located 250 km from Quito, at an altitude of
3500 m. The 653 inhabitants are mainly Spanish-
speaking, and are descended from the Panzaleos and
Puruhaes ethnic aboriginal groups.9 Chine is 2 h walk
from the nearest road. Except for electricity, there are
no basic services (running water, toilets, etc.). There is
one school, a day care/kindergarten, a residence for
the elderly and a church. Only 10% of the inhabitants
are covered by social security; another 30% use only
traditional medicine, while 60% seek formal health
services outside the community, mainly in a rural health
unit, which provides primary care and is staffed by re-
cently graduated physicians or by a nurse or nurse
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aide.10 Secondary health care is available only at a
distance of 4 h by public transport.

The main economic activities in Chine are agricul-
ture and the raising of sheep, pigs and smaller animals
for private consumption. To supplement their annual
income, 30% of economically active men migrate
temporarily, generally from April to August, to en-
gage in informal economic activities (brick-laying,
ambulant selling, loading, etc.), housed in communal
dormitories, and return to Chine for sowing and har-
vesting, as well as for community festivals.

Field work
In March 2001, in an ongoing study, all the inhabi-
tants of Chine were surveyed by visits to each house
and the school, and by attending community meetings.
The study protocol was approved by the community
and by an ad hoc committee composed of four com-
munity leaders, two teachers, two participating doc-
tors and ten traditional medicine providers.

Household characteristics, socio-demographic in-
formation, perceived morbidity over the past year and
unhealthy (smoking and alcohol) habits among house-
hold members were collected using an interviewer-
administered standardised questionnaire adapted from
other, similar studies.1,11–14

PTB was diagnosed on the basis of acid-fast bacilli
(AFB) smear. One to three sputum specimens per per-
son were collected in the morning on consecutive days
in special sputum collection tubes. These were stored
in sealed cardboard boxes at 5�–10�C for 5–7 days
until they could be transported to the laboratory for
processing.

AFB smear testing was performed in the laboratory
of the ‘Ally Causai’ Hospital, 200 km from Chine. Ex-
ternal quality control of smear microscopy was per-
formed by randomly rechecking selected positive and
negative smears at the laboratory at Vozandes Hospi-
tal in Quito, which participated in the National Tuber-
culosis Programme (NTP).

All patients were notified of their results. Those
who were diagnosed with PTB were given anti-
tuberculosis treatment following the guidelines of the
NTP of the Ecuadorian Ministry of Health.8

Statistical analysis
The questionnaire consisted of 20 items grouped into
four areas:

1 Housing characteristics: overcrowding, kitchen sep-
arate from sleeping quarters, gas used for cooking,
solid roof

2 Risk of non-community exposure: a group of vari-
ables associated with work-related migratory move-
ment of family members (none, parents only, parents
and children), prolonged periods away from home

3 Presence of health problems in the previous year and
unhealthy behaviour affecting a family member:

abortion, death (including infant mortality), hospital-
isation, chronic illness; any member a smoker or
drinker

4 History of TB in the family: previous TB diagnosis
or treatment, previous chest X-ray, previous smear
test and bacille Calmette-Guérin (BCG) vaccination.

The total number of possible combinations of char-
acteristics was too high compared to the population
size (653 inhabitants) to properly analyse the associ-
ations between variables. To resolve this problem,
multiple correspondence analysis (MCA) and cluster
analysis15–20 were first performed to reduce the num-
ber of variables and categories while maintaining max-
imum information, using the SPAD statistical pro-
gramme (SPAD, Paris, France). This reduction yielded
four new variables, with categories described in Table 1.

Each class or category used in defining the new vari-
ables was created following the criteria of maximising
homogeneity among individuals of the group and het-
erogeneity between groups. If any original categories
are not included in the new groups, it means that they
have no power of discrimination to define the groups.

After this process, classical logistic modelling was
performed to analyse the two outcomes of cough �15
days and PTB. Statistical analysis was performed
using SPSS version 11.5 (SPSS, Chicago, IL, USA).

RESULTS

A total of 653 inhabitants of Chine were identified
(49% females), with an average of 5.2 persons per
household. Forty-nine per cent were aged �15 years
and 17% �45 years.

Table 1 shows the characteristics that led to the
categories of the four new variables: housing charac-
teristics, external exposure, social problems and prior
PTB, indicating those categories of the original vari-
ables that are positively associated within the catego-
ries of the new variable, along with their frequencies.

Sixty per cent of the inhabitants lived in over-
crowded homes where gas was not used for cooking.
Only 21% lived in a house with minimum basic condi-
tions for sanitation, i.e., with no overcrowding, using
gas for cooking, and with the kitchen separated from
the sleeping quarters.

Of the 123 families studied, 24.4% had no mem-
bers who migrated. In 2002, 236 individuals (35%),
including children, had migrated.

In 2002, 18.5% of the inhabitants belonged to
families in which a member had been hospitalised or
suffered a health problem, an infant under 1 year of
age had died, or a chronically ill person had cohab-
ited with the other members of the family.

Cough of more than 15 days
Of the 202 persons with cough of �15 days, 54.5%
were women, compared to 49% women in the com-
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munity. Age was significantly associated with chronic
cough (P � 0.001): 24.3% of the patients were aged
�45 years, whereas in the total population only
16.5% were aged �45 years (Table 2). There was no
association of chronic cough with sex (P � 0.062).

Table 3 presents the logistic model and adjusted esti-
mates of association with chronic cough. The most im-
portant factors were having a history of TB (P � 0.001)
and possible exposure outside the community through
work-related migratory movements (P � 0.001), spe-
cifically parental migration (Class 2 of external expo-
sure). The presence of health problems in the last year
was of borderline statistical significance (P � 0.052).

After adjustment for age and sex, the above-
mentioned risks were lower; this is explained by the
confounding of migration with male sex (unadjusted

odds ratio [OR] 4.4) and older age (OR 1.024, 95%
confidence interval [CI] 1.01–1.03, P � 0.001).

Prevalence of active PTB
Of the 202 persons with cough of �15 days, 173
(85%) had productive cough, but only 122 (71%)
could produce one or more specimens; of these, 30
were invalid due to contamination. AFB smear test re-
sults were therefore available for only 92 subjects
(75%). Of these 92, 44 were AFB smear-positive
(47%), for a prevalence of active PTB of 6.7/100 in-
habitants. Prevalence in subjects aged �14 years was
11.3/100 (9.0 among men and 13.5 among women).
Among men, the highest prevalence was in the 35–44
age group (20.6%) and among women in the group
aged �45 years (16.7%).

Of the 44 AFB smear-positive cases, 13 (29.5%)
gave a history of prior active TB (OR 6.0, 95%CI
2.9–12.3). Of these, four did not initiate treatment
due to lack of funds, another four stopped treatment
because of subjective improvement (the DOTS strat-
egy was not implemented) and five completed anti-
tuberculosis treatment. Of another 37 persons who
also had a history of PTB, 17 did not present any res-
piratory symptoms, 14 were AFB smear-negative and
6 refused to participate in the study.

Haemoptysis was the only clinical characteristic
significantly associated with active TB (crude OR 3.8,
95%CI 1.5–10.0) and in multivariate analysis (ad-
justed OR 3.5, 95%CI 1.3–9.1).

Migration showed a clear association with active
PTB in both women (OR 2.44, 95%CI 0.91–6.54)
and men (OR 2.33, 95%CI 0.89–6.07).

In 27% of families there were one or more smear-
positive cases; in 12% there were two and in 12% there
were three or more cases.

DISCUSSION

The prevalence of active TB (estimated at 6700/100000
for comparative purposes) is many times higher than
the reported incidence for Ecuador as a whole (43/
100 000) in 2001,8 and that described for the Borbón
coastal region (788/100 000)21 in the same year.
Similar studies carried out in poverty-stricken areas
of Latin America have found rates of 276.9/100 000

Table 2 Subjects with cough of �15 days and productive coughers*

Age
group,
years

Subjects with cough of �15 days Productive coughers

Females Males Total Females Males Total

n Rate n Rate n Rate n Rate n Rate n Rate 

0–14 28 18.4 27 16.3 55 17.3 20 13.2 17 10.2 37 11.6
15–34 36 44.4 24 31.6 60 38.2 34 42.0 22 28.9 56 35.7
35–44 20 55.6 18 52.9 38 54.3 19 52.8 16 47.1 35 50
�45 26 48.1 23 42.6 49 45.4 23 42.6 22 40.7 45 41.7

Total 110 34.1 92 27.9 202 30.9 96 29.7 77 23.2 173 26.5

* P � 0.001 (among age groups); 0.062 (by sex).

Table 1 Description of multiple correspondence analysis 
outcome variables

Variable classes or
categories and % of
inhabitants in each 
class

Description of the
classes or categories*

V1: Housing characteristics
Class 1: 21.0% Home not overcrowded, cooking gas,

kitchen separate from sleeping quarters
Class 2: 19.0% Home not overcrowded, no cooking gas,

kitchen not separate from sleeping
quarters

Class 3: 60.0% Overcrowded home, no cooking gas

V2: External exposure
Class 1: 65.4% Nobody in the family migrates
Class 2: 19.8% Parents migrate, children do not
Class 3: 14.8% Children migrate with parents

V3: Social problems
Class 1: 81.5% No health problems. Some family members 

drink
Class 2: 12.7% Problems in the last year: abortion, death in 

the family or hospitalisation. Smokers and 
chronically ill members present

Class 3: 5.8% Death of an infant or other family member. 
Absence of other characteristics

V4: Prior PTB
Class 1: 91.9% Complete absence of factors associated 

with PTB
Class 2: 8.1% Previous diagnosis of PTB, previous 

treatment for PTB, previous smear test 
and previous chest X-ray

* Refer only to those original characteristics that participate significantly in
the definition of each class.
PTB � pulmonary tuberculosis.
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among those aged �15 years1 and of 100/100 000
among indigenous subjects.22 No other studies of
prevalence are known in similar populations, either
in Ecuador or in other countries, except for some re-
ports in Zimbabwe, where reported prevalence is
435/100 000. These figures are not comparable, how-
ever, due to the fact that in Zimbabwe, human immu-
nodeficiency virus (HIV) infection is reported to be
around 20%, compared to 0.03% in Ecuador.23

Furthermore, the prevalence may have been under-
estimated because of problems in obtaining adequate
numbers and quality of sputum specimens. Of the
total number of individuals identified with chronic
cough, adequate specimens were obtained from 45%,
somewhat lower than in other studies carried out in
Latin America in which adequate sputum samples
were collected from 65–85% of subjects.24 Although
no historical data were available for this community
nor on similar communities in the same region, which
would allow us to determine whether or not the high
observed prevalence is an outbreak, given the health
and socio-economic conditions observed, it is of great
concern that these observations correspond to a situ-
ation that is apparently ‘usual’ in marginalised com-
munities of this kind.1,4,22

If this community were to be considered as a repre-
sentative sample of the indigenous populations of Coto-
paxi, which share many of the same demographic and
socio-economic characteristics, the prevalence of un-
detected and hence untreated TB would be very high—
a very alarming situation. This is plausible, given that
the health conditions among the indigenous popula-
tions of the central Ecuador mountains are worse than
those of the rest of the country, and indeed of Latin
America as a whole.1,5,11,25

In the community surveyed, one in three inhabi-

tants reported chronic cough, implying that many res-
piratory problems, and not just PTB, are highly preva-
lent. Chronic cough was more common with age and
in women, suggesting that unfavourable living condi-
tions may influence this problem. Prevalence of chronic
cough was lower among those with better housing con-
ditions, both among work-related migrants and non-
migrants. This is consistent with other studies that have
documented the association of socio-economic factors
with the development of PTB in poor communities.24–26

The age-group distribution found for PTB was con-
sistent with other studies affirming that in developing
countries the greatest concentration of PTB patients
lies in the age range 15–50 years.27,28 Among women,
the high prevalence of chronic coughers and smear pos-
itivity suggests that conditions deriving from gender in-
equalities and the risks related to being of reproductive
age may lead to greater vulnerability to PTB.29–33

The phenomenon of work-related migration im-
plies a risk of greater exposure to a variety of social
and biological factors that favour the appearance of
PTB. The possible economic gains of migration for
work have a high cost in social and health terms, given
that informal temporary work of this kind does not give
migrants access to social security and exposes them to
overcrowded conditions with other high-risk groups
and inadequate nutrition. In men aged 35–44 years, the
prevalence of PTB increases, while the prevalence rate
for women of the same age remains similar to that of
the group aged 15–24 years. It is clear from this anal-
ysis that work-related migration has the effect of a risk
and could be interpreted as ‘importation’ of the disease.

The facts that one third of coughers had a history
of TB diagnosis or treatment, that in 27% of the homes
studied there was at least one smear-positive person,
and that patients were clustered (some households

Table 3 Logistic regression models for factors associated with a cough of �15 days*

Adjusted for age and sex

Model
OR 95%CI �G2* P value

Model
OR 95%CI �G2* P value

Nobody in the family migrates — — 17.2 �0.001 — — 15.02 �0.001
Parents migrate, children do not 5.04† 3.1–10.6 2.05 1.3–3.3
Children migrate with their parents 0.56† 0.3–1.0 0.56 0.3–1.0

No health problems, some family members drink — — 5.8 0.052 — — —
Problems in last year (abortion, death in the family 

or hospitalisation. Smokers and chronically ill 
members present) 1.61‡ 0.9–2.7 — —

Death of an infant or other family member. 
Absence of other characteristics 1.87‡ 0.9–3.7 — —

Previous diagnosis of PTB, previous treatment 
for PTB, previous smear test and previous chest 
X-ray 5.71§ 3.0–10.6 32.0 �0.001 4.89 2.6–9.4 25.05 �0.001

Sex, male — — — 0.56¶ 0.4–0.8 8.88 �0.001

Age, years# — — — 1.02 1.01–1.03 29.11 �0.001

* Log likelihood changes by 	2 if term eliminated from model.
† With respect to the reference category ‘Nobody in the family migrates’.
‡ With respect to the reference category ‘No health problems, some family members drink’.
§ With respect to the reference category ‘Complete absence of factors associated with PTB’.
¶ With respect to the reference category ‘women’.
# OR expresses the change per year of age.
OR � odds ratio; CI � confidence interval; PTB � pulmonary tuberculosis.
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had four smear-positive members), suggest that the
NTP in Chine needs to be strengthened. There is evi-
dence of shortcomings in the NTP structure, organi-
sation and operation, leading to problems with diag-
noses, contact follow-up and the implementation of
the DOTS strategy.*

It is also striking that 13 of the 44 PTB cases iden-
tified had a history of TB (four never initiated and an-
other four defaulted), which underlines the deficien-
cies in the application of the DOTS strategy in the
region studied.

This situation increases the chances of 1) PTB be-
coming chronic, with concomitant increased transmis-
sion and social and health care costs; 2) the appearance
of multidrug resistance due to repeated default from
treatment, as indicated by primary resistance rates of
24% and secondary resistance of 30% found in Ecua-
dor;36 and 3) increased PTB mortality (not measured
in this study) as a consequence of the high rates of
treatment failure or non-adherence.

Despite the logistic problems and complicated con-
ditions under which this study was carried out, it was
possible to provide evidence that we are dealing with
a problem that has often been reported but rarely re-
solved. Communities marginalised due to their cul-
ture, language and poverty are penalised because the
health care services are inefficient or inaccessible. Be-
cause of methodological difficulties in data gathering,
the high reported prevalence of TB may still be an un-
derestimation of the true PTB rate. Rates reported in
this study are among the highest reported in the inter-
national literature.

CONCLUSIONS

Pulmonary tuberculosis in the Chine area of Ecuador
is a serious public health problem. There is an urgent
need to improve and strengthen health service deliv-
ery, particularly the NTP, and to initiate contact trac-
ing and treatment according to the DOTS strategy
and Ecuadorian NTP guidelines, while taking into
account the ethnic background of the population,
work-related migration, poverty and the inaccessibil-
ity of the community.
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R É S U M É

CONTEXTE : Une collectivité aborigène de 653 personnes.
OBJECTIF : Déterminer la prévalence de la tuberculose
pulmonaire (TBP) et analyser les facteurs qui y sont
associés.
SCHÉMA : L’ensemble de la population a fait l’objet de
l’enquête ; on a demandé à ceux ayant une toux chro-
nique productive de fournir des échantillons d’expec-
toration. La TBP a été diagnostiquée par bacilloscopie
(bacilles acido-résistants). L’analyse des facteurs socio-
économiques et les antécédents cliniques associés avec la
toux chronique ou avec une bacilloscopie positive pour
TBP a été menée en utilisant l’analyse des correspondances
multiples ainsi que des modèles de régression logistique.
RÉSULTATS : On a identifié une toux chronique chez 202
sujets et une toux productive chronique chez 173. La
toux chronique est en association avec des antécédents

de TB (OR ajusté 4,89 ; IC95% 2,6–9,4) et avec des mi-
grations dues au travail (OR ajusté 2,05 ; IC95% 1,3–
3,3). Parmi les 92 tousseurs dont les échantillons d’expec-
toration avaient été analysés, 44 (47,8%) avaient une
bacilloscopie positive. Ceci correspond à une prévalence
de 6,7% de l’ensemble des habitants. Dans les groupes
âgés de 15 à 34 ans et de �45 ans, les taux de positivité
sont plus élevés chez les femmes que chez les hommes,
alors que dans le groupe âgé de 35 à 44 ans ils sont plus
élevés chez les hommes. Un à quatre membres de près de
27% des familles avaient une bacilloscopie positive.
CONCLUSION : Le Programme de lutte contre la TB de la
zone ayant fait l’objet de l’étude doit être renforcé et
prendre en compte le contexte ethnique, les migrations
liées au travail et le contexte socio-économique et
géographique.

R E S U M E N

MARCO DE REFERENCIA : Una comunidad indígena de
653 individuos.
OBJETIVO : Determinar la prevalencia de tuberculosis
pulmonar (TBP) y analizar los factores asociados.
DISEÑO : Se estudió toda la población. Se recogieron
muestras de esputo de las personas con tos productiva
crónica y se diagnosticó la TBP mediante baciloscopia.
El análisis de la historia clínica y los factores socioeco-
nómicos asociados con la tos crónica o la baciloscopia
positiva se realizó mediante modelos de correspondencia
múltiple y de regresión logística.
RESULTADOS : De 202 tosedores crónicos encontrados,
173 tuvieron tos productiva. La tos crónica se asoció
con un antecedente de TB (OR ajustado 4,89 ; IC95%
2,6–9,4) y con los movimientos migratorios relaciona-

dos con el trabajo (OR ajustado 2,05 ; IC95% 1,3–3,3).
De los 92 tosedores examinados mediante baciloscopia,
44 (47,8%) tuvieron un diagnóstico confirmado de
TBP, lo cual representó una prevalencia de 6,7% en la
población. En los grupos de edad entre 15 y 34 años y
�45 años las mujeres tuvieron tasas de positividad más
altas que los hombres, mientras que en el grupo de 35 a
44 años la positividad fue mayor en los hombres. En el
27% de las familias se observó de uno a cuatro miembros
con baciloscopia positiva.
CONCLUSIÓN : Es necesario fortalecer el programa de
control de la TB de la región estudiada, dado su con-
texto étnico, socioeconómico y geográfico y las migra-
ciones de carácter laboral.


