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Abstract

Introduction: Extraordinarily high tuberculosis (TB) prevalence rates have been reported in Venezuelan Amerindians. Amerindian
populations often live in geographically isolated villages where they receive little medical attention and live under precarious sanitary
conditions. TB prevalence varies by ethnicity and geographic location and is generally higher in Amerindians than in non-indigenous
(Creole) people.

Methodology: Between January 1, 1998 and December 31, 2009, the tuberculin skin test (TST) was administered during field operations to
9,538 Amerindian and Creole people between 0 and 94 years of age living in Venezuela. In 6,979 individuals (73%), Bacille Calmette-
Guérin (BCG) vaccination status, age, and ethnicity were recorded.Univariate and multivariate analyses were performed to determine the
influence of previous BCG vaccination, age, and ethnicity on TST outcomes.

Results: Age, ethnicity, and the number of BCG vaccinations administered each had a significant influence on TST outcomes (p < 0.001).
The influence of BCG vaccination on TST outcomes varied by ethnicity and was only significant in children aged between 0 and 3 years.
Conclusions: The utility of TST in the diagnosis of TB infection in high TB burden settings with widespread BCG vaccination should be
evaluated locally and individually as this depends on ethnicity, age, and the number of BCG vaccinations administered. In Venezuelan
children 4 years of age and older, the TST remains a useful tool for the detection of TB infection, independent of BCG vaccination status.
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Introduction

The tuberculin skin test (TST) is a simple and
relatively cheap test for the detection of latent
tuberculosis (TB) infection. Specificity of the TST is
affected by cross-reactivity with the Bacille Calmette-
Guérin (BCG) vaccine [1]. Interferon gamma release
assays (IGRAs) have emerged as more specific
alternatives to the TST for the diagnosis of latent TB
infection [2]. However, IGRAS are far more expensive
than the TST and require laboratory capacity often not
present in rural areas of developing countries [3]. This
limits wide implementation of these tests in low-
resource settings. For this reason, it is important to
investigate to what extent the TST could still be of

value in the diagnosis of latent TB infection in BCG-
vaccinated people.

Infants in Venezuela are routinely vaccinated with
BCG as recommended by the World Health
Organization (WHO) to countries with high rates of
TB [4]. BCG immunization coverage in Venezuela is
around 87% [5]. In Venezuela, the average annual
national incidence rate of TB is moderate (25 per
100,000 inhabitants) [6]. The highest TB rates are
found in Amerindian tribes where TB prevalence rates
over 3000 per 100,000 inhabitants were reported [7].
To investigate the utility of the TST in Amerindian
populations with a high TB prevalence where BCG
vaccination is widely administered, we collected data
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on BCG vaccination status, age, ethnicity, and TST
outcome from 6,979 individuals from different rural
areas of Venezuela and we investigated the influence
of BCG vaccination, ethnicity and age on TST
outcome.

Methodology
Ethical considerations

The data used for this study were collected during
field operations that were carried out in the context of
operational research in agreement with the Venezuelan
governmental guidelines. All these operations were
initiated and approved by the Venezuelan National TB
Control Program (NTBP). In addition, these studies
were supported by the National Asthma and
Tuberculosis Expert Committee. The rising TB
prevalence in indigenous populations of Venezuela
was regarded as a national health emergency in 1997,
after which this committee was put in charge of the
formation of a report and activity plan to address the
observed high TB prevalence rates in Venezuelan
indigenous people. In this report, it was stated that
TST is considered to be a valuable tool in TB contact
tracing in Amerindian communities [8]. After 1997,
TST surveys were part of the regular operational
activities in Venezuelan Amerindian communities.
TSTs were administered after obtaining oral informed
consent from the person or the parent(s) of a child. For
this study, only information on age, ethnicity, BCG
status, and TST outcome was available.

People who tested TST positive were further
examined for signs and symptoms of active TB
disease. All subjects diagnosed with active TB were
treated with a standard six-month anti-TB regime as
recommended by the Venezuelan NTBP and reported
in their manual [9].

The Venezuelan NTBP is the state-run TB control
initiative of the government of Venezuela. It
incorporates the principles of directly observed
treatment short-course (DOTS), the global TB control
strategy of the WHO. The program provides, free of
cost, anti-tubercular drugs across the country through
numerous primary health centers.

Study population

Between January 1998 and December 2009, a total
of 9,538 people underwent TST testing during field
operations in remote areas of Venezuela. The objective
of these field operations was to identify active TB
cases, for which TST was used as a first screening
method. Demographic data, including age, self-
identified ethnicity, and BCG vaccination status of
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6,979 (73%) subjects, were recorded in two databases:
the patient database of the Centro Amazonico de
Investigacion y Control de Enfermedades Tropicales
(CAICET) in Puerto Ayacucho, Venezuela, and the
patient database of the Instituto de Biomedicina in
Caracas, Venezuela. This group of 6,979 individuals
for whom data about BCG vaccination status, age, and
ethnicity were recorded was included in the analyses.
For most of the 2,559 excluded subjects, BCG
vaccination status was not recorded. The included
subjects belonged to eight ethnically different
Venezuelan populations: Warao, Wotjuja, Yanomami,
Efiepa (or Panare), Hoti, Jivi, Curripako, and the
Creoles (non-Amerindian Venezuelans).

BCG vaccination

The BCG vaccine used in Venezuela is provided
by Statens Seruminstitut (Copenhagen, Denmark) and
is generally administered at birth or to newborns
within 30 days of birth. Study subjects in which a
BCG scar was detected were reported as BCG-
vaccinated because vaccination cards are found to be
an unreliable resource of BCG vaccination status [10]
and there was no other register of BCG vaccination
data available.

Tuberculin skin test

The TST was performed according to the
Venezuelan NTBP guidelines, in concordance with the
guidelines for conducting TST surveys in high-
prevalence countries [11]. Two TU (0.1 mL) of
tuberculin  purified protein of Mycobacterium
tuberculosis strain RT-23 (Statens Seruminstitut,
Copenhagen, Denmark) was injected intradermally
into the volar surface of the left forearm by trained
professionals. Reading was performed by the same
professional between 48 and 72 hours after
administration. A palpable transverse induration with a
diameter of > 10 mm was considered positive as stated
in the Venezuelan NTBP and indicated by the
American Thoracic Society and Centers for Disease
Control and Prevention guidelines for countries with a
high TB prevalence [12].

Statistical analyses

Data about ethnicity, BCG vaccination status, age,
and TST result were subjected to univariate and
multivariate analyses. Odds ratios (ORs) and 95%
confidence intervals (95% Cls) were calculated by
means of regression analyses. In univariate analyses,
ORs were calculated to test associations of categorical
variables with TST positivity. Four multivariate
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analyses were performed. First, the results of a
multivariate logistic regression model assessing the
influence of ethnicity, BCG vaccination status, and
age on TST outcome are presented. A multivariate
linear regression model estimating the influence of
multiple BCG vaccinations on TST induration size is
subsequently discussed. Finally, two multivariate
logistic regression models estimating the influence of
BCG vaccination on TST outcome were performed. In
the first model, the inclusion group was stratified by
age; in the second model, the inclusion group was
stratified by ethnicity. SPSS for Windows version 17.0
was used for statistical analyses.

Results

Data from 6,979 people from eight ethnically
different populations were collected. A total of 4,452
people (64%) were less than 16 years of age. Of the
6,979 included individuals, 2,272 (33 %) had positive
TST results, and a total of 4,900 individuals (70%)
presented a BCG scar.

Of the 4,900 BCG vaccinated people, 35% were
TST positive while only 26% of the 2,079 people
without BCG vaccination were TST positive. In the
BCG vaccinated population, 73% of the negative TST
results were less than 1 mm. Table 1 shows the
demographic characteristics, BCG vaccination status,
and TST results of all 6,979 study subjects stratified
by ethnicity. In univariate analysis, the number of
TST-positive subjects was significantly associated
with age, ethnicity, and number of BCG vaccinations
(all p <0.001, Table 2). The number of TST-positives
was significantly higher in the Curripako, Jivi,
Wotjuja, Warao, and Yanomami people compared to
the Creole people. Additionally, study subjects four
years of age and older were significantly more often
TST-positive than those under one year of age. The
percentage of TST-positives showed a linear increase
with age (Figure 1). Furthermore, the percentage of
TST-positive subjects increased with an increasing
number of BCG vaccinations. In multivariate analysis,
all variables significantly influencing TST positivity
univariately remained statistically significant (Table
2).

Multiple doses of BCG vaccine are frequently
administered to Venezuelan Amerindians. Vaccination
cards are often lost or incompletely filled out and the
people vaccinating are often inexperienced general
health workers. In this study, 724 individuals had
received two or more doses of BCG vaccine. A linear
regression analysis adjusted for age and ethnicity
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Figure 1. Percentage of TST-positives in relation to the age of
study subjects
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showed that TST induration size increased with each
dose of BCG vaccin (Table 3).

As multiple BCG vaccinations significantly
influenced TST outcome, all subjects with multiple
BCG vaccinations (n = 724) were excluded to analyze
the differences in TST outcome after only one
previous BCG vaccination within different age and
ethnic groups. In the 0-1 and 2-3 year age groups,
significantly more TST-positive results were seen
among BCG-vaccinated children compared to
unvaccinated children. In contrast, children four years
of age and older and adults did not show significantly
more TST-positive results after previous BCG
vaccination (Table 4A).

In the Wotjuja and Yanomami populations, BCG-
vaccinated people had a significantly higher risk of
being TST-positive than unvaccinated people, while in
the other populations the risk of a positive TST did not
significantly differ between BCG-vaccinated and
unvaccinated people (Table 4B).
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Table 1. Ethnicity, age, BCG vaccination status, and TST results of study subjects

Ethnicity No. (%)  No. <15 Years (%) No.BCG (%) Tgoﬂ (%)
Creole 436 ©6.2) 203 92.2) 360 (82.6) 6 (14)
Curripako 70 (1.0) 38 (54.3) 40 (57.1) 2 (34.3)
Jivi 27 (0.4) 27 (100) 14 (51.9) 2 (7.4)
Hoti 138 (2.0) 132 (95.7) 110 (79.7) 3 2.2)
Wotjuja 1,232 17.7) 668 (54.2) 1,054 (85.6) 546 (44.3)
Efiepa 154 2.2) 148 (96.1) 100 (64.9) 0 0)
Warao 4,457 (63.9) 2787 (62.5) 2968 (666) 1536  (34.3)
Yanomami 465 (6.7) 249 (53.5) 254 (54.6) 155 (33.3)
Total 6,979 (100.0) 4,452 (63.8) 4,900 (702) 2212 (326)

Table 2. Factors associated with TST positivity

Univariate analysis

Multivariate analysis

Sl’:‘g’j'e‘;‘;s NO'S?JfbjTeS(‘IS‘zf,’AS)')t'VE Odds Ratio (95% CI) P value Odds Ratio (95% CI)
Age (years) . <0.001
0-1 551 18 (3) 1 1
2-3 671 33(5) 1.53 (0.85-2.75) 1.56 (0.87-2.80)
4-5 666 46 (7) 2.20 (1.26-3.84) 2.35 (1.35-4.11)
6-7 646 75 (12) 3.89 (2.29-6.59) 4.43 (2.60-7.52)
8-9 599 81 (14) 4.63 (2.74-7.83) 5.59 (3.29-9.49)

10-11 536 106 (20) 7.30 (4.36-12.22) 8.40 (4.99-14.14)

12-13 450 125 (28) 11.39 (6.82-19.02) 13.59 (8.08-22.84)

14-15 333 107 (32) 14.02 (8.31-23.65) 17.90 (10.51-30.50)

>15 2,527 1,681 (67) 58.84 (36.52-94.79) 53.36 (33.03-86.19)
Ethnicity <0.001

Creole 436 6 (1) 1 1

Curripako 70 24 (34) 37.39 (14.54-96.19) 22.12 (8.18-59.80)
Jivi 27 2(7) 5.73 (1.10-29.86) 17.59 (3.27-94.46)
Hoti 138 3(2) 1.59 (0.39-6.45) 2.26 (0.55-9.31)

Wotjuja 1,232 546 (44) 57.04 (25.29-128.67) 34.49 (15.08-78.92)

Efapa 154 0 (0) - -

Warao 4,457 1,536 (34) 37.69 (16.80-84.55) 29.99 (13.25-67.90)
Yanomami 465 155 (33) 35.833 (15.65-82.05) 21.71 (9.32-50.59)
No. of BCG <0.001

0 2,078 538 (26) 1 1

1 4,177 1,261 (30) 1.24 (1.10-1.39) 1.26 (1.09-1.46)
2 558 346 (62) 4.67 (3.84-5.69) 1.56 (1.23-1.96)
3 130 98 (75) 8.77 (5.81-13.22) 2.52 (1.57-4.03)
>3 36 29 (81) 11.86 (5.17-27.23) 2.81 (1.15-6.91)

Table 3. Effect of multiple BCG vaccine doses on TST induration size, adjusted for ethnicity and age

No. .Of B.CG No. of included subjects Mean TST induration Regression coefficient* 95% CI
vaccinations (mm)
0 2,078 4.56 0
1 4,177 5.41 0.66 (0.60-0.71)
2 558 11.43 2.00 (1.90-2.10)
3 130 14.00 3.43 (3.25-3.61)
>3 36 16.25 4.85 (4.52-5.19)

*Adjusted for age and ethnicity.
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Table 4A. Influence of BCG vaccination status on TST outcome stratified by age group*

Age group BCG status No. of included No.of TST+ Odds Ratio** 95% ClI
subjects

0-1 Year Not vaccinated 284 5 1.00

Vaccinated 261 13 2.99 (1.03-8.74)
2-3 Years Not vaccinated 242 5 1.00

Vaccinated 415 26 3.52 (1.31-9.46)
4-5 Years Not vaccinated 238 12 1.00

Vaccinated 416 33 1.77 (0.88-3.55)
6-7 Years Not vaccinated 222 20 1.00

Vaccinated 411 52 1.49 (0.85-2.62)
8-9 Years Not vaccinated 151 27 1.00

Vaccinated 432 50 0.64 (0.38-1.08)
10-11 Years Not vaccinated 111 21 1.00

Vaccinated 397 74 1.24 (0.71-2.16)
12-13 Years Not vaccinated 79 15 1.00

Vaccinated 337 96 1.81 (0.95-3.44)
14-15 Years Not vaccinated 78 21 1.00

Vaccinated 217 68 141 (0.75-2.65)
>15 Years Not vaccinated 673 413 1.00

Vaccinated 1,291 848 1.15 (0.94-1.41)
*Subjects who received multiple BCG vaccinations were excluded (n = 724).
**Adjusted for ethnicity.
Table 4B. Influence of BCG vaccination status on TST outcome stratified by ethnicity*
Ethnic group BCG status No. of included No.of TST+ Odds Ratio** 95% CI

subjects

Creole Not vaccinated 76 1 1.00

Vaccinated 360 5 0.94 (0.10-8.77)
Curripako Not vaccinated 30 8 1.00

Vaccinated 36 14 1.81 (0.52-6.25)
Jivi Not vaccinated 13 1 1.00

Vaccinated 14 1 0.78 (0.04-17.11)
Hoti Not vaccinated 28 0 1.00

Vaccinated 103 3 - -
Wotjuja Not vaccinated 177 36 1.00

Vaccinated 687 235 2.19 (1.35-3.56)
Efapa Not vaccinated 54 0 -

Vaccinated 100 0 - -
Warao Not vaccinated 1,489 461 1.00

Vaccinated 2,654 900 1.04 (0.88-1.23)
Yanomami Not vaccinated 211 32 1.00

Vaccinated 223 102 3.71 (2.20-6.26)
*Subjects who received multiple BCG vaccinations were excluded (n = 724).
**Adjusted for age.

Discussion received their BCG vaccination, leading to a relatively

In a study sample of almost 7,000 Venezuelan
children and adults, the percentage of TST-positive
subjects was significantly associated with age,
ethnicity, and the number of administered BCG
vaccinations. The influence of BCG vaccination on
TST outcome varied by age group. In children under
four years of age, a single BCG vaccine dose was
significantly associated with a positive TST. This
might be due to the fact that these children recently

strong immune  response  following  TST
administration. In other studies, the influence of BCG,
if administered in infancy, has been found to vanish
after 10 years of age [13]. We observed that even in
children between 4 and 10 years of age, there was no
significant difference in TST positivity rates between
BCG-vaccinated and non-vaccinated children. We also
showed that in two ethnic groups (the Yanomami and
the Wotjuja), previous BCG vaccination had a
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significant influence on TST positivity rates, while in
the majority of the ethnic populations included in our
survey a single BCG vaccination did not influence
TST outcome. It is remarkable that the Yanomami
were one of the ethnic populations in which a
significant relationship between BCG vaccination and
TST results was observed, as in an earlier study
including Yanomami Amerindians a high frequency of
unresponsiveness to TST in recently BCG-vaccinated
individuals was reported [14]. A possible explanation
for this discrepancy is that the results of the earlier
study, in contrast to our results, were not corrected for
age while both children and adults were included. We
observed that the influence of previous BCG
vaccination on TST results is significantly related to
age (Table 4A). Therefore, we suggest that in studies
assessing TST results in BCG-vaccinated and non-
BCG vaccinated individuals, the possible influence of
age should be taken into account.

Another possible factor that could lead to
contradicting results on the influence of BCG
vaccination on TST positivity between studies is a
difference in TB burden. A previous study including
Warao Amerindians, one of the Venezuelan ethnic
populations also included in our survey, showed that
TST positivity is likely to be associated with BCG
vaccination in communities with a low TB prevalence,
while BCG vaccination has very little influence on
TST outcomes in communities with a high TB burden
[15]. This suggests that the influence of previous BCG
vaccination on TST positivity is related to the TB
burden in a specific setting. Wang et al. performed a
meta-analysis comparing the influence of BCG on
TST results in several countries. They did not observe
a difference in the relative risk of a positive TST in
BCG-vaccinated individuals based on geographical
location [16]. However, in their meta-analysis,
countries were clustered according to geographical
region and not to whether they belong to the group of
high TB burden countries identified by the WHO [17].
As low and intermediate burden countries can be
located close to high burden countries, the absence of
a significant effect of geographical region on the
relationship between BCG and TST results does not
necessarily indicate that this relationship is
independent of the local TB burden. A study
performed in Turkey, an intermediate TB burden
country with high BCG coverage rates, showed a low
specificity of the TST for the detection of latent TB
infection [18]. Higuchi et al. also observed a low
performance of the TST in discriminating between
close and casual contacts in BCG-vaccinated primary
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school students from Japan, a low burden country [19].
In contrast, the results from studies investigating risk
factors for TST positivity in The Gambia, Brazil, and
Tanzania, all high burden countries, are similar to our
findings [20-22]. These studies also concluded that the
TST remains a useful test for the identification of
children infected with M. tuberculosis, independent of
BCG vaccination status. Thus, the effect of previous
BCG vaccination on TST performance might be
limited to intermediate and low burden settings. This
was also suggested in a review and meta-analysis of
the utility of IGRAs and TST in high burden vs. low
burden settings by Dheda et al. [23]. They concluded
that, in high burden settings, the TST performs
reasonably well and correlates as well, or better, with
proxy measures of exposure compared to IGRAS.

To our knowledge, this is the first study comparing
the influence of BCG vaccination on TST positivity in
different Amerindian populations residing in the same
country. We observed a significant difference in the
influence of previous BCG vaccination on TST
outcome between populations. As a high and
increasing TB burden has been consistently reported in
the Venezuelan Amerindian populations included in
our study [7,24,25], differences in TB burden between
ethnic populations might not be the only explanation
for our findings. A genetic component in the
responsiveness to TST after BCG vaccination could
also underlie the observed differences between
ethnically different populations. The evidence for a
genetic component in  TB  susceptibility is
incontrovertible [26]. Possibly, genetic background
also plays a role in TST responsiveness after BCG
vaccination.

A limitation of our study was that data on sex,
socioeconomic status, TB signs and symptoms and
previous contact with TB cases were not available. As
high prevalence of active TB has been described in the
included populations [7,24,25] and because our sample
size was large, the percentage of people exposed to TB
cases is not likely to differ widely between
populations. Therefore, it is unlikely that the lack of
information on previous TB exposure has led to a bias
in our results concerning the influence of ethnicity on
TST outcome. Sex and socioeconomic status have
previously been reported to be risk factors for TST
positivity [20,27]. Low income and low education
level have been found to be associated with a positive
TST [28]. As Creoles generally have higher levels of
education and income than most Amerindian
populations [29], the relatively low percentage of
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TST-positives in this group compared to the
Amerindian populations could be partly due to the
higher socioeconomic status of the Creole population.

Conclusion

We conclude that, in high TB burden settings with
widespread BCG vaccination in Venezuela, the TST
may remain a useful screening tool for the detection of
TB infection, as a significant influence of previous
BCG vaccination on TST outcome was only observed
in children under four years of age and in specific
ethnic populations. Therefore, ethnicity and age of the
individual should be taken into account when
interpreting the results of TSTs.
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