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Objective. To investigate the influence of BCG vaccination or revaccination on tuberculin
skin test reactivity, in order to guide the correct interpretation of this test in a setting of high
neonatal BCG vaccination coverage and an increasing BCG revaccination coverage at school age.
Methods. We conducted tuberculin skin testing and BCG scar reading in 1 148 children
aged 7–14 years old in the city of Salvador, Bahia, Brazil. We measured the positive effect of
the presence of one or two BCG scars on the proportion of tuberculin skin test results above
different cut-off levels (induration sizes of ≥ 5 mm, ≥ 10 mm, and ≥ 15 mm) and also using
several ranges of induration size (0, 1–4, 5–9, 10–14, and ≥ 15 mm). We also measured the ef-
fects that age, gender, and the school where the child was enrolled had on these proportions. 
Results. The proportion of tuberculin results ≥ 10 mm was 14.2% (95% confidence inter-
val (CI) = 8.0%–20.3%) for children with no BCG scar, 21.3% (95% CI = 18.5%–24.1%) for
children with one BCG scar, and 45.0% (95% CI = 32.0%–58.0%) for children with two BCG
scars. There was evidence for an increasing positive effect of the presence of one and two BCG
scars on the proportion of results ≥ 5 mm and ≥ 10 mm. Similarly, there was evidence for an
increasing positive effect of the presence of one and two scars on the proportion of tuberculin
skin test results in the ranges of 5–9 mm and of 10–14 mm. The BCG scar effect on the pro-
portion of results ≥ 5 mm and ≥ 10 mm did not vary with age. There was no evidence for BCG
effect on the results ≥ 15 mm.
Conclusions. In Brazilian schoolchildren, BCG-induced tuberculin reactivity is indistin-
guishable, for results under 15 mm, from reactivity induced by Mycobacterium tuberculo-
sis infection. BCG revaccination at school age increases the degree of BCG-induced tuberculin
reactivity found among schoolchildren. This information should be taken into account in tu-
berculin skin test surveys intended to estimate M. tuberculosis prevalence or to assess trans-
mission patterns as well as in tuberculin skin testing of individuals used as an auxiliary tool
in diagnosing tuberculosis. Taking this information into consideration is especially important
when there is increasing BCG revaccination coverage.

Tuberculosis, BCG vaccine, tuberculin test, immunization programs, Brazil. 

ABSTRACT

The tuberculin skin test (TST) re-
mains at present the only routinely
available method for the diagnosis of
Mycobacterium tuberculosis infection. It
is used to decide whether or not to
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administer preventive chemotherapy
and also as an auxiliary for diagnosis
of tuberculosis disease in infants and
young children (1). TST surveys are
used to monitor M. tuberculosis infec-
tion in a community in order to plan
the activities of tuberculosis control
programs, by identifying areas of high
prevalence of infection and revealing
potential cases. Periodic surveys in  se-
lected areas are used to estimate the
annual risk of M. tuberculosis infection.
This annual risk has been considered 
a useful epidemiological index for
monitoring the effectiveness of control
programs by providing indicators of
trends (2, 3). However, in addition to
the well-known technical difficulties
associated with performing the TST,
there are also interpretational difficul-
ties associated with its high cross-
sensitivity with antigens of the BCG
vaccine and environmental mycobac-
teria, and with its loss of sensitivity
over time (4, 5).

Tuberculosis is the cause of more
deaths globally than any other single
infectious disease (2). Approximately
one-third of the world’s population is
infected with M. tuberculosis, and the
World Health Organization (WHO)
has estimated that each year there are 
8 million new cases and over 1.8 mil-
lion deaths from the disease (2). In
1998, Brazil ranked 13th among the
countries of the world in terms of the
tuberculosis burden, even though noti-
fication rates had declined from 70 per
100 000 population to 50 per 100 000
over the preceding two decades (6). 

The Ministry of Health in Brazil has
a well-run National Tuberculosis Pro-
gram (NTP). The NTP is responsible
for coordinating the surveillance sys-
tem, establishing standards, and defin-
ing guidelines for tuberculosis control
(6). However, Brazil is a federation of
states, with a decentralized structure
for its health system. Therefore, the
recommendations of the Ministry of
Health may or may not be imple-
mented by local health authorities. Up
to 1994 the Brazilian NTP followed the
WHO recommendation of administer-
ing BCG only once at birth or on first
contact with health services. In early
1994 the Brazilian NTP made a new

recommendation, that a second dose
be administered nationwide at school
age, with the aim of adding to or
restoring the waning protection im-
parted by the first dose (7, 8). In 1995 
a joint statement from the WHO’s
Global Tuberculosis Programme and
Global Programme on Vaccines rec-
ommended against repeated BCG
vaccination, based on the argument
that there was a lack of evidence as to
whether repeated doses offered addi-
tional protection (9). In 1996, given the
gap in knowledge and the opportunity
created by the fact that not all Brazilian
states had implemented the national
recommendation, a large randomized
controlled trial started in Brazil. This
trial is intended to evaluate the impact
on tuberculosis of BCG revaccination
at school age in two Brazilian cities
that are the capitals of their respective
states (Salvador in Bahia, and Manaus
in Amazonas). A recent publication (10)
explains in detail the reasons for, de-
sign of, and baseline results of this
trial, which is called “BCG-REVAC.”

This paper reports the results of a
tuberculin survey performed in 1997
in the city of Salvador, in a sample of
the BCG-REVAC trial population. The
survey was intended to investigate the
influence of neonatal BCG vaccination
and schoolchild revaccination on tu-
berculin reactivity, in order to guide
the correct interpretation of TST re-
sults in a setting of high neonatal BCG
vaccination coverage and of increasing
BCG revaccination coverage at school
age. This information is important if
we plan to continue to use this test as
an auxiliary tool in the diagnosis of tu-
berculosis or in the epidemiological es-
timation of the tuberculosis problem. 

Located in the Northeast region of
Brazil, the city of Salvador had a pop-
ulation of some 2.2 million at the time
of our survey. Salvador has a high
prevalence of tuberculosis, low rates
of childhood HIV infection, and high
BCG vaccination coverage (11). The
city’s age-specific tuberculosis inci-
dence rate in 1996 was 18.1/100 000
for the age group of 7–10 years and
30.6/100 000 for those 11–14 years old
(10). In 1994, BCG vaccination started
very slowly to be administered at

school age in the city of Salvador, for
two groups: a) a minority of children
who had missed being vaccinated at
birth or on first contact with health
services and b) revaccination for the
majority of children who had already
been vaccinated at birth or on first con-
tact with health services. However, the
Health Department of the state of
Bahia decided to interrupt this policy
in 1995 so that the BCG-REVAC trial
could be begun in Salvador. 

METHODS

As part of the recruitment phase of
the BCG-REVAC trial in Salvador, two
nurses from the Brazilian Ministry of
Health trained a team of health care
workers to collect data and to inspect
BCG scars. Data on each child’s name,
date of birth, gender, and grade in
school were collected from the school
registry and recorded on a standard-
ized form. Next, letters were sent to
the guardians of all children ages 7 to
14 enrolled in the schools that were
participating in the BCG-REVAC trial.
The letters offered information on the
trial, made clear the guardians’ right
to deny participation by their children,
requested their agreement for the BCG
scar reading procedures and also for
BCG vaccination (this latter request
was only included in the letters for
children enrolled in schools where
vaccinations were to be done for the
trial), and asked the guardians to send
their children’s vaccination cards to
the schools. These letters also asked
the guardians to tell, on a standard-
ized form, how many times their chil-
dren had been vaccinated with BCG
(zero, one, or two times) and when
those vaccinations had occurred. Chil-
dren whose guardians refused to grant
permission for participation were ex-
cluded from the trial. In the school
classes, children were asked to con-
firm the identification data, and they
had their right upper arm inspected
for a BCG scar or scars, as this is the
recommended site of injection of BCG
(7). The scar reading was classified as
“none” (no scar), “one” (one scar),
“two” (two scars), or “other” (which

286 Bierrenbach et al. • Tuberculin reactivity in a population of schoolchildren with high BCG vaccination coverage



included children who did not have a
scar reading and children with doubt-
ful readings). The team of health care
workers responsible for the scar read-
ings had no access to the information
on the vaccination cards or the other
information received in response to
the letters sent to the guardians.

As part of the TST survey reported
on in this article, four schools partici-
pating in the BCG-REVAC trial in the
city of Salvador were selected based
on convenience (logistics, number of
children in each school, and the size 
of our budget). The study population
of the TST survey consisted of chil-
dren aged 7 to 14 years old enrolled in
these four schools. The guardians of
these children received a second let-
ter, which offered information on the
TST survey, made clear their right to
deny permission for their children to
participate, and asked for their agree-
ment for the TST injections and read-
ings. Children whose parents refused
to grant permission to participate were
excluded from the TST survey. Two
nurses trained according to standard-
ized methods contained in the pub-
lished guidelines of the International
Union of Tuberculosis and Lung Dis-
ease (3) applied the tests. The nurses
used the standard Mantoux test, which
consists of an intradermal injection of

a dose of 0.1 mL (corresponding to two
tuberculin units) of a soluble purified
protein derivative (PPD) of M. tuber-
culosis. We used PPD RT23 produced
by the Statens Serum Institute (Co-
penhagen, Denmark). After 48–72
hours, the site of injection was pal-
pated and the transverse diameter of
induration was measured with a trans-
parent ruler. In three of the four
schools, each child had his or her
induration read only once, by one or
the other of the two nurses. In one
school, 144 children had their indu-
rations read twice, one time each by
the two nurses, and with the nurses
being blind to each other’s readings.
The purpose of these double readings
was to assess the agreement between
the readings by the two nurses. 

The guardians of children with tu-
berculin reactions ≤ 10 mm received a
letter informing them of this result, ex-
plaining its implications, and advising
them to take their children to be
checked at a local tuberculosis refer-
ence center. A list of the local tubercu-
losis centers was attached to each of
these letters. 

We analyzed the TST survey data
using Stata 6 software (Stata Corpora-
tion, College Station, Texas, United
States of America). We used the kappa
statistic to analyze the concordance 

of the TST double readings. We per-
formed two separate analyses of the
TST results: (1) TST results categorized
as positive or negative based on the
cut-off points of 5 mm, 10 mm, and 15
mm and (2) TST results categorized as
0 mm, 1–4 mm, 5–9 mm, 10–14 mm,
and ≥ 15 mm. We used logistic regres-
sion to explore the effects of BCG scar
status, age, gender, and the school in
which each child was enrolled, with
these effects expressed as odds ratios.
We also used logistic regression to ex-
plore the differences between the par-
ticipants and nonparticipants in terms
of BCG scar status, age, gender, and
the school in which each child was
enrolled. We used ordered logistic re-
gression exclusively to explore the dif-
ferences between the proportion of
children with none, one, or two scars
in terms of age, as the BCG scar status
variable had three ordered values.

Neither the BCG-REVAC trial nor
the TST survey collected data on the
presence of acute or chronic illnesses
or on the nutritional status of the
study population. 

RESULTS

Table 1 shows the number of school-
children aged 7–14 years old participat-
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TABLE 1. Study population according to BCG scar status, gender, and age group. Salvador, Bahia, Brazil, 1997

BCG scar status

Total None One Two Othera

no. No. % No. % No. % No. %

BCG-REVAC trial 195 381 21 657 11.1 107 880 55.2 7 771 4.0 58 073 29.7

Tuberculin skin test survey
Enrolled 1 930 187 9.7 1 172 60.7 89 4.6 482 25.0

Completed 1 148 127 11.1 818 71.2 60 5.2 143 12.5

Gender
Male 563 63 11.2 386 68.6 30 5.3 84 14.9
Female 585 64 10.9 432 73.9 30 5.1 59 10.1

Age group
7–8 years 195 15 7.7 138 70.8 16 8.2 26 13.3
9–10 years 339 29 8.6 252 74.3 23 6.8 35 10.3

11–12 years 370 36 9.7 268 72.4 17 4.6 49 13.3
13–14 years 244 47 19.3 160 65.6 4 1.6 33 13.5

a For the BCG-REVAC trial population, the “Other” category includes children who did not have a scar reading and also scar readings with doubtful classifications. For the tuberculin skin test
(TST) survey population, this category includes only children who did not have a scar reading, as there were no doubtful classifications among the children who participated in the TST survey.



ing in the BCG-REVAC trial in Sal-
vador, the number of those enrolled in
the four schools participating in the
TST survey, and the number of those
who ultimately completed the TST
readings, by BCG scar status. The num-
ber of those who ultimately completed
the TST readings is also shown sepa-
rately by age group and gender. The
“other” category of BCG scar status
included children who did not have 
a scar reading and also children with
doubtful readings. No doubtful read-
ings were recorded among the four
schools that participated in the TST
survey, and doubtful readings were
recorded in just 624 children (0.3%) out
of the entire BCG-REVAC trial popu-
lation. There were three main reasons
for the low overall participation rate of 
1 148 out of 1 930 (59.5%) in the TST
survey: (1) absence from school on the
days on which tests were administered
or read, (2) children whose guardians
refused to allow them to participate,
and (3) children who themselves de-
clined to participate.

The participation rate varied accord-
ing to BCG scar status, age group, gen-
der, and the particular school in which
each child was enrolled. Children with
scar readings participated more than
those for whom scars were not read
(69.3% versus 29.7%, respectively; P <
0.001). The age groups also differed in
their participation rate; it was 49.6%
for those 7–8 years old, 61.1% for those
9–10, 66.2% for those 11–12, and 57.7%
for those 13–14 (P = 0.03). Excluding
those with no scar reading results, fe-
males participated more than males
(62.3% versus 56.8%, P = 0.039). De-
pending on the school, the participa-
tion rate ranged from 50.5% to 65.6%
(P = 0.033).

The proportion of children with
none, one, and two scars varied with
age (Table 1). There was a higher pro-
portion of children with one or two
scars among the younger age groups,
reflecting an increase in the vaccina-
tion coverage over the last decade (P <
0.001).

Out of the 1 148 children who partic-
ipated in the TST survey, the guard-
ians of only 98 of them returned letters
with valid information on their chil-

dren’s BCG vaccination status. Of
these 98, 93 reported one vaccination
and 5 reported two vaccinations. Us-
ing the information on dates of vacci-
nation provided by the letters, we
found that 85 of the 98 children (86.7%)
had received their first dose of BCG in
their first year of life, that is, some 7 to
14 years before our survey. Vaccina-
tions that occurred within 2 years of
our tuberculin survey were reported in
2 out of 93 children with one reported
dose (2.2%) and in 4 out of 5 children
with two reported doses (80.0%).

With respect to the results for the
144 TST double readings that were
done, if we consider as concordant the
readings with a difference of up to 1
mm, the agreement between the dou-
ble readings was 97.2% (kappa = 0.96,
P < 0.001). There were 71 double read-
ings in which both results were zero. If
we exclude those 71, the agreement for
the remaining 73 double readings was
95.9% (kappa = 0.95; P < 0.001). These
results show an excellent agreement
beyond the level of chance and thus in-
dicate a high internal validity of our
TST procedures. 

Figure 1 shows, for each of the four
BCG scar statuses in our survey, the
frequency distribution of the size of
the TST indurations. This figure shows
that the proportion of children with a
reading of 0 mm decreases with num-
ber of scars. The frequency distribu-
tions are similar if we compare the
children with one scar and those for
whom scars were not read. There is no
clear mode or antimode for results ≥ 1
mm, except for those with two scars,
who had a mode of 10 mm. 

Table 2 shows the TST results by
ranges of induration sizes and BCG scar
status. In addition, the last column of
Table 2 shows the “BCG effect” on each
range of induration sizes, that is, the
odds ratio for the effect of a one–unit in-
crease in the number of scars, according
to logistic regression estimates. There
was evidence that the proportions of
children in the ranges of 0 mm, 5–9 mm,
and 10–14 mm were influenced by BCG
scar status. The proportion with 0-mm
indurations decreased as the number of
scars increased. In contrast, the propor-
tion with indurations of 5–9 mm and of

10–14 mm increased as the number of
scars increased. 

Table 3 presents the proportion of
positive TST results by BCG scar sta-
tus. As explained above, the propor-
tion of positive results was defined
using three different cut-off points for
induration size: 5 mm, 10 mm, and 15
mm. There was evidence that the pro-
portions above the cut-offs of 5 mm
and 10 mm, but not 15 mm, were pos-
itively influenced by prior BCG scar
status. 

When we controlled for the BCG
effect, the proportion of TST results
above each of the cut-offs increased
with age (all with P < 0.05). There was
some indication that the increase with
age of TST results ≥ 10 mm was differ-
ent depending on BCG scar status, but
the modification effect was not statis-
tically significant (P = 0.22). For chil-
dren with one BCG scar the TST re-
sults ≥ 10 mm were 14.5%, 19.8%,
21.6%, and 28.8% for the groups of 7–8,
9–10, 11–12, and 13–14 years, respec-
tively (P < 0.001). However, for chil-
dren with no scar, the age trend was
less clear, with the TST results being
6.7%, 13.8%, 5.6%, and 23.4% for those
same age groups (P = 0.09). There was
also no evidence that BCG scar modi-
fied the effect of age on TST ≥ 5, 10 and
15 mm, or on TST in any of the in-
duration ranges (all with P > 0.52, data
not shown). 

There was no difference by gender
or school in the proportion of children
above any of the TST cut-offs (data not
shown). There was no evidence that
gender modified the effect of age or
the BCG effect on TST ≥ 10 mm or on
TST above any other cut-off point or in
any of the induration ranges (data not
shown). 

DISCUSSION 

There were four main findings from
our TST survey. First, the proportion
of TST results above 10 mm was 14.2%
(95% CI = 8.0%–20.3%) for children
with no BCG scar, 21.3% (95% CI =
18.5%–24.1%) for children with one
BCG scar, and 45.0% (95% CI = 32.0%–
58.0%) for children with two BCG
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scars. Second, there was evidence for
an increasing positive effect of number
of BCG scars on the proportion of TST
results above the cut-offs of 5 mm and
10 mm and also on the proportion of
TST results in the ranges of 5–9 mm
and 10–14 mm. Third, the BCG scar ef-

fect on the proportion of TST results
above the cut-offs of 5 mm and 10 mm
did not vary with age. Finally, there
was no evidence for BCG effect on the
results above the cut-off of 15 mm.

Measuring the proportion of tuber-
culin skin test results of 10 mm or

larger is one of the recommended
ways to estimate the prevalence of 
M. tuberculosis infection in unvacci-
nated children (3, 12, 13). However,
we believe that the results presented in
this survey do not adequately estimate
the prevalence of M. tuberculosis infec-
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FIGURE 1. Frequency distribution of tuberculin indurations (size in mm) among school children aged 7–14 years, by BCG scar sta -
tus. Salvador, Bahia, Brazil, 1997

TABLE 2. Distribution of tuberculin skin test results by ranges of induration sizes and BCG scar status, and esti -
mates of the BCG effect on each range of induration sizes. Salvador, Bahia, Brazil, 1997

BCG scar status

Induration size None One Two BCG effecta

(mm)/Total No. % No. % No. % Odds ratio 95% CIb

0 91 71.7 429 52.4 20 33.4 0.6 0.4–0.7
1–4 13 10.2 110 13.5 5 8.3 1.0 0.7–1.6
5–9 5 3.9 105 12.8 8 13.3 1.8 1.1–2.8
10–14 9 7.1 111 13.6 21 35.0 3.0 1.9–4.4
� 15 9 7.1 63 7.7 6 10.0 1.4 0.8–2.7

Total 127 100.0 818 100.0 60 100.0 NAc NA

a BCG effect shows the odds ratio for the effect of one unit increase in the number of scars, according to logistic regression estimates.
b 95% CI = 95% confidence interval.
c NA = not applicable.



tion in unvaccinated schoolchildren
aged 7–14 years, for several reasons.
First, our TST survey study population
does not represent the entire popula-
tion of schoolchildren aged 7–14 years,
as logistics and budget size deter-
mined the selection of a convenience
sample of the schools. Second, chil-
dren with no scar in the TST survey do
not represent the entire population of
schoolchildren aged 7–14 years, given
the high BCG vaccination coverage of
schoolchildren aged 7–14 years (14).
Children with no scar participating in
the TST survey also do not represent
the entire population of the TST sur-
vey. Third, the shape of the frequency
distribution of our TST results did not
show a clear antimode that could have
been used to logically choose a cut-off
point that would differentiate between
infected and uninfected individuals
(12, 15). We did not have any other
way to determine how many of the
TST children in each of the induration
sizes or above each of the cut-offs
would represent true M. tuberculosis
infection and not cross-reactions with
environmental mycobacteria. We do
have unpublished data from a small
dual skin test survey performed by
our group in the city of Salvador in
which each child was tested with one
injection of tuberculin (PPD derived
from M. tuberculosis) and with one
injection of one of the two sensitins

(PPD derived from M. scrofulaceum or
M. kansasii, two environmental species
of the genus mycobacteria). This dual
skin test survey showed that many
schoolchildren living in Salvador have
been sensitized by these antigens. 

It is unlikely that our results have
been affected in any significant way by
misclassification of TST readings, by
misclassification of BCG scar readings,
or by misclassification of vaccination
status obtained from using the pres-
ence of BCG scars as a single marker.
We demonstrated the high internal va-
lidity of the TST results with the high
concordance between the TST double
readings performed by our two study
nurses. We demonstrated high inter-
nal and external validity of the BCG
scar readings in the city of Salvador in
another recently published study per-
formed with data from the entire BCG-
REVAC trial population in this city
(14). 

Information on the dates of vaccina-
tion was obtained for only a small
number of children participating in
the TST survey and just a small pro-
portion of children participating in the
BCG-REVAC trial (14). Nevertheless,
we believe both of those sources of in-
formation are representative of the en-
tire population of schoolchildren aged
7 to 14 years. According to data from
the Brazilian Ministry of Health, most
children in Brazil receive the first dose

of BCG during the first year of life. As
explained earlier in this article, revac-
cination only became a national rec-
ommendation in 1994, that is, 3 years
before this survey in Salvador (7). The
Department of Health of the state of
Bahia had just started to implement
the revaccination policy in Salvador
when the Department decided to in-
terrupt it, so that the BCG-REVAC
trial could be initiated in the city. 

It is well known that BCG induces
TST reactivity, especially in the short
term. For some populations skin tested
on two occasions after vaccination 
the BCG-induced TST reactivity seems
to remain practically unchanged for
many years (16). However, for other
populations it appears to wane, partic-
ularly for those whose first TST was
done shortly after vaccination (17–26).
This waning may explain the findings
of the relatively low reactivity (14.5%
using the cut-off of 10 mm) among
children with one BCG scar in the
youngest age group (7–8 years), which
agrees with the findings from a study
in the country of Malawi (26). The
magnitude of the BCG-induced TST
sensitivity seems to vary among indi-
viduals and communities, but it is usu-
ally of an intermediate size. The more
stringent the criteria are for consider-
ing a TST reaction to be positive, the
less the influence of BCG vaccination
seems to be. Our study agrees with the
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TABLE 3. Proportion of positive tuberculin skin test results, using three different cut-off points, by BCG scar status, Sal -
vador, Bahia, Brazil, 1997a

BCG scar status

None One Two
(n = 127) (n = 818) (n = 60)

BCG effectb
Cut-off % % %

point positivec 95% CI c positivec 95% CI c positivec 95% CI c Odds ratio 95% CI d

5 mm 18.1 11.3–24.9 34.1 30.9–37.4 58.3 45.5–71.2 2.7 1.9–3.8

10 mm 14.2 8.0–20.3 21.3 18.5–24.1 45.0 32.0–58.0 2.5 1.7–3.7

15 mm 7.1 2.6–11.6 7.7 5.9–9.5 10.0 2.2–17.8 1.4 0.8–2.4

a Positive results are defined as those above the induration sizes of 5 mm, 10 mm, and 15 mm. Estimates of the BCG effect are given for the proportion of positive
results above each of these cut-offs. 

b BCG effect = odds ratio for the effect of one unit increase in the number of scars, according to logistic regression estimates.
c The denominators used for calculating the proportion of positive results are the numbers 127, 818 and 60 for children with respectively none, one and two BCG

scars. The numerators used for these calculations are the numbers of positive results, which were defined using three different cut-offs of induration sizes 
(5 mm, 10 mm, and 15 mm).

d 95% CI = 95% confidence interval.



positive influence of BCG on tuber-
culin reactivity of ≥ 10 mm found by
some studies (26–31) but differs from
other studies (32–36). It also agrees
with the findings of an absence of the
BCG effect on tuberculin reactivity of a
more stringent criterion (15 mm in our
study) as reported in a few studies (26,
37) but disagrees with another study
(29). Our finding of a constant BCG ef-
fect from 7 to 14 years on TST results
of ≥ 5 mm and ≥ 10 mm has also been
shown in a detailed study in Malawi
that included individuals of all ages
(26). That is, only a minority of our
schoolchildren vaccinated as neonates
or infants have tuberculin reactivity
that can be attributable to BCG, but for
those who do have that reactivity, it
seems to last at least up to their early
adolescence (24, 26).

Studies that describe tuberculin re-
activity after BCG vaccination have
methodological differences in relation
to vaccine strain and dose, vaccination
schedule and coverage, tuberculin
strain and dose, and time elapsed since
vaccination. However, analyzed sepa-
rately, these differences do not explain
the variations in the proportion of
BCG-induced tuberculin reactivity
above different cut-offs. The complexi-
ties of this subject can be exemplified
with one recent review that empha-
sized the importance of age at vac-
cination (38). It is possible that age at
vaccination explains some of the
above-mentioned variations found in
different settings. If vaccination is ad-
ministered at birth, BCG-induced reac-
tions tend to be smaller and to wane
more rapidly than if vaccination is ad-
ministered later in life (16, 39). This is
believed to be related to the “matura-
tion” of the immune system (40). How-
ever, age at vaccinations alone cannot
explain the differences found in re-
gions or countries that use similar vac-
cination and TST procedures. Expo-
sure to environmental mycobacteria or

other immunological cross-experiences
as well as genetic factors may also play
important and perhaps concomitant
roles (26, 41–43).

Another possibility is that differ-
ences in the BCG vaccine strains and/
or in the methods of BCG culture em-
ployed by the various manufacturers
may also influence the vaccine’s ca-
pacity to induce persistent TST reac-
tivity (26). A recent genomic study has
provided a detailed description of the
differences found among the many
BCG strains (44). Comparative stud-
ies in mice and in humans could dis-
tinguish between the different TST
reactogenicities induced by different
strains, and three of these comparative
studies indicated that the Moreau (Rio
de Janeiro) strain showed a tendency
for stronger reactogenicity (45–47).
The Moreau (Rio de Janeiro) strain is
used throughout Brazil.

We found evidence that the pres-
ence of two BCG scars induced higher
tuberculin reactivity than did the pres-
ence of only one scar, which agrees
with results from one study in Ku-
wait (48) and one in Turkey (49). This
may be due to the fact that the great
majority of the second vaccinations
probably occurred within 2 years of
our survey. BCG revaccination in Bra-
zil was not an accepted policy until
1994, and that revaccination only
started in the city of Salvador later 
in that year, while this survey was
done in the beginning of 1997. Alter-
natively, there may be a real cumula-
tive effect of repeated vaccination on
TST reactivity. In our study, it was not
possible to separate any effects of age
of vaccination and interval since vac-
cination from the effect of the number
of vaccinations. 

We believe that the patterns of the
BCG-vaccination-induced and BCG-
revaccination-induced tuberculin reac-
tivity presented in this survey could be
generalized to schoolchildren of 7–14

years in the city of Salvador and could
even be generalized to schoolchildren
in other Brazilian cities. These are not
novel aspects in the world scientific lit-
erature, but we wanted to have a local
picture, given the variety of results
found in different settings. 

In summary, in interpreting TST
results in Brazilian schoolchildren  one
must take into account that BCG-
induced tuberculin reactivity is indis-
tinguishable, for results under 15 mm,
from reactivity induced by M. tuber-
culosis infection. BCG revaccination 
at school age increases the degree 
of BCG-induced tuberculin reactivity
found among schoolchildren. This in-
formation should be kept in mind in
tuberculin skin test surveys intended
to estimate the prevalence of infection 
by M. tuberculosis or to assess trans-
mission trends as well as in tuberculin
skin testing of individuals used as an
auxiliary tool in diagnosing tuberculo-
sis. This is especially important when
there is increasing BCG revaccination
coverage. 
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Objetivo. Evaluar la influencia de la vacunación o revacunación con BCG sobre la
prueba de reactividad a la tuberculina, con el fin de ayudar a la correcta interpretación
de esta prueba en lugares con una amplia cobertura neonatal con la vacuna BCG y
una revacunación en edad escolar cada vez más frecuente.
Métodos. Se realizaron la prueba cutánea de la tuberculina y la lectura de la cicatriz
de la BCG a 1 148 niños de 7 a 14 años de edad de Salvador, Bahía, Brasil. Se evaluó
si la presencia de una o dos cicatrices de BCG influía en los resultados de la prueba
cutánea de la tuberculina utilizando diferentes puntos de corte (induración ≥ 5 mm, 
≥ 10 mm y ≥ 15 mm), y agrupando la induración según su diámetro (0, de 1 a 4 mm,
de 5 a 9 mm, de 10 a 14 mm y ≥ 15 mm). También se evaluó si la edad, el sexo o la es-
cuela del niño influyeron sobre los resultados de esta prueba.
Resultados. La induración cutánea provocada por la prueba de la tuberculina re-
sultó ≥ 10 mm en 14,2% de los casos (intervalo de confianza de 95% [IC 95%]: 8,0 a
20,3%) en niños sin cicatriz de BCG; 21,3% (IC 95%: 18,5 a 24,1%) en niños con una ci-
catriz de BCG; y 45,0% (IC 95%: 32,0 a 58,0%) en niños con dos cicatrices de BCG. Se
evidenció que la presencia de una o dos cicatrices de BCG aumentó la proporción de
resultados ≥ 5 mm y ≥ 10 mm. Este efecto también se evidenció en la proporción de
resultados de las pruebas cutáneas de la tuberculina de 5 a 9 mm y de 10 a 14 mm de
diámetro. El efecto de las cicatrices de BCG sobre la proporción de resultados ≥ 5 mm
y ≥ 10 mm no varió con la edad. No se hallaron indicios de que la vacunación previa
con BCG influyera cuando el diámetro resultó ≥ 15 mm.
Conclusiones. En los escolares brasileños, la reactividad tuberculínica inducida por
la vacunación con BCG < 15 mm no puede distinguirse de la reactividad causada por
la infección por Mycobacterium tuberculosis. La revacunación durante la edad escolar
aumenta la reactividad tuberculínica provocada por la vacunación inicial. Estos re-
sultados deben tomarse en consideración al utilizar la prueba cutánea de la tuber-
culina para estimar la prevalencia de M. tuberculosis o determinar los patrones de
transmisión, así como al emplear esta prueba como herramienta auxiliar en el diag-
nóstico de la tuberculosis. Estos resultados son de especial importancia frente a la cre-
ciente ampliación de la cobertura de la revacunación con BCG.

RESUMEN

Reactividad a la tuberculina
en una población escolar 

con amplia cobertura 
de vacunación con la BCG


