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ABSTRACT
Background. BCG vaccination confers protection against leprosy, and vaccination

among household contacts has been recommended in Brazil. Nevertheless, vaccination of
the entire community against leprosy is not advocated as leprosy has low incidence in most
populations. Despite that, in Brazil, BCG vaccination is recommended among school chil-
dren to prevent tuberculosis and this large scale vaccination may also affect the occurrence
of leprosy, which led to investigations of its impact on leprosy in endemic areas of Brazil.

Objectives. To estimate the effectiveness against leprosy of a dose of BCG vaccine given
to school children in a population with a high coverage of neonatal BCG. Long term objec-
tives are to compare the impact of vaccination among schoolchildren with the existing rec-
ommendation to vaccinate household contacts of leprosy.

Study design. Cluster randomized controlled field trial with no placebo.
Study population. Children aged 7 to 14 years attending state schools with high cover-

age of neonatal BCG.
Methods. 286 state schools in the city of Manaus, Brazil, were randomized to receive

BCG or not. Identifying information was collected for 152,438 school children, of whom
72,980 are in intervention schools. BCG vaccination was given intradermically to children
in schools allocated to vaccination. Follow-up relies on ascertainement of cases diagnosed
at the health services and notified to the reference center for leprosy.

RÉSUMÉ
Background. La vaccination par le BCG confère une protection contre la lèpre, et la vac-

cination des contacts vivant sous le même toit a été recommandée au Brésil. Cependant, la
vaccination de tous les membres d’une communauté contre la lèpre n’est pas encouragée
parce que la lèpre présente une incidence faible dans la plupart des populations. Malgré cela,
la vaccination par le BCG est recommandée au Brésil pour les enfant en âge d’aller à l’école
pour la prévention de la tuberculose et cette vaccination à grande échelle pourrait aussi in-
fluencer l’incidence de la lèpre, ce qui nous a amené à explorer son impact éventuel sur la
lèpre dans les régions endémiques du Brésil.

Objectifs. Estimer l’efficacité contre la lèpre d’une dose de vaccin BCG administré à des
enfants scolarisés dans une population présentant une forte couverture de vaccination au
BCG à la naissance. Les objectifs à long terme sont de comparer l’impact de la vaccination
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It is well established that a single dose of
BCG confers protection against leprosy,
with estimates ranging from 20% to 90%
efficacy in different studies (8, 12), and mul-
tiple doses of BCG appear to confer addi-
tional protection (3, 5, 11) (although this find-
ing has not achieved statistical significance
in the study in Venezuela) (5). However, as
leprosy has low incidence in most popula-
tions, the number of individuals needed to
be vaccinated to prevent one case of leprosy
tends to be large (20) unless applied in high
risk groups. Therefore, the Ministry of
Health in Brazil recommends vaccination
only among household contacts of leprosy
cases (16).

Brazil has had a high coverage of neona-
tal BCG since the 1980’s. In 1994 the
Brazilian Ministry of Health recommended
the routine application of BCG among
school children to prevent tuberculosis (17),
and a trial (BCG-REVAC) was proposed to

assess the effectiveness of the recom-
mended measure. This trial is being con-
ducted in two cites, Salvador and Manaus
(2). Brazil, with a population of nearly 170
million, has the second largest number of
leprosy cases in the world (23).

Vaccine efficacy trials aim to estimate the
protection under ideal conditions (4), and
are standard for vaccine licensure by regu-
latory agencies. However, the results of
such studies do not correspond to the pro-
tection given by the vaccine in the target
population under routine conditions. The
effect under routine conditions [vaccine ef-
fectiveness (VE)] has been traditionally es-
timated through observational studies, and
these studies are more vulnerable to bias
than trials. The effectiveness trial concept
was proposed to incorporate the randomiza-
tion process and elements of a public inter-
vention implementation approximating rou-
tine conditions. Effectiveness trials attempt

parmi les enfants scolarisés avec la recommandation existante de vacciner les personnes en
contact avec un lépreux et vivant sous le même toit.

Plan d’étude. Essai clinique de terrain avec témoins, sans placebo, répartis par groupes.
Population d’étude. Enfants de 7 à 14 ans scolarisés dans les écoles publiques, présen-

tant une couverture importante de BCG administrés à la naissance.
Méthodes. 286 écoles d’état de la ville de Manaus, au Brésil, furent assignées au hasard

pour recevoir ou non le BCG. Des informations d’état civil furent collectées chez 152 438
écoliers, parmi lesquels 72 980 sont dans des écoles d’éducation prioritaire. Un vaccin BCG
fut administré en intra-dermique aux enfants scolarisés dans les établissements désignés
pour la vaccination. Le suivi repose sur les cas diagnostiqués par les services de santé et sur
les déclarations au centre de référence de la lèpre.

RESUMEN
Panorama. La vacunación con BCG confiere protección contra la lepra, y en Brasil se re-

comienda la aplicación de esta vacuna entre los contactos convivientes de los pacientes con
lepra. Sin embargo la vacuna BCG no se aplica a la comunidad entera debido a que la lepra
tiene una baja incidencia en la mayoría de las poblaciones. Por otro lado, la vacunación con
BCG se aplica rutinariamente entre los niños escolares en Brasil, como prevención contra la
tuberculosis. Suponemos que la vacunación en gran escala con BCG podría también incidir
sobre la ocurrencia de lepra, y esto hace necesario el estudio sobre su impacto en la lepra, en
las áreas endémicas de Brasil.

Objetivos. Calcular la efectividad contra la lepra de una dosis de vacuna BCG aplicada a
niños escolares en una población con una alta cobertura de BCG neonatal. Un objetivo a
largo plazo es la comparación del impacto de la vacunación entre los niños escolares con la
recomendación existente de vacunar a los contactos convivientes de los pacientes con lepra.

Diseño del estudio. Estudio de campo aleatorio controlado sin placebo.
Población de estudio. Niños de 7 a 14 años, alumnos de escuelas estatales con alta

cobertura de BCG neonatal.
Métodos. Participaron 286 escuelas estatales de la ciudad de Manaus, Brasil y la mitad

de ellas se asignó, aleatoriamente, para aplicar o no la vacuna BCG. Se colectó la informa-
ción de identificación de 152,438 niños escolares, de los cuales 72,980 pertenecían a escue-
las de intervención. La vacuna BCG se administró intradérmicamente en los niños escolares
de las escuelas seleccionadas. El seguimiento se basa en el registro de los casos diagnosti-
cados en los Servicios de Salud notificados al Centro de Referencia de la Lepra.
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to reproduce real conditions. The BCG-
REVAC trial was planned as a vaccine ef-
fectiveness trial, and its study design at-
tempts to reproduce the routine implemen-
tation of a BCG vaccination policy to
school children according to the 1994 rec-
ommendation. Manaus, one of the trial
sites, is an endemic area of leprosy. This
trial created the opportunity to estimate the
impact of the recommended BCG vaccina-
tion among school children on the occur-
rence of leprosy. We therefore expanded the
objectives of the trial in the city of Ma-
naus—where the recommendation to vacci-
nate contacts has not been completely im-
plemented so far—to include the estimation
of protection of BCG against leprosy.

The objective of this paper is to describe
the rationale, study design, implementation
and proposed analysis of the leprosy com-
ponent of the trial. The design of the trial
component for preventing tuberculosis has
been published elsewhere (2).

DESIGN AND METHODS
The main objective of the leprosy com-

ponent of the trial is to estimate the protec-
tion against all forms of leprosy of one dose
of BCG given under routine conditions.
Long-term objectives are to estimate effec-
tiveness by age and clinical form, and to
compare this policy with the existing recom-
mendation to vaccinate household contacts
of leprosy, in terms of impact on occurrence
of leprosy and in term of costs. This text will
only describe the main objective.

Study site. Manaus is an urban center on
the banks of the Negro River, Amazonas
State, in Brazil, with about 1,500,000 in-
habitants in 2002. The annual new case de-
tection rate (NCDR) of leprosy has been
stable at around 6.0 per 10,000 inhabitants
in the 1990’s. In 1997 it was 6.6 (814 cases)
in the total population and 4.9 (110 cases)
in children aged 7 to 14 yrs. Sixty percent
of all cases detected in 1996 were classified
as tuberculoid or indeterminate and 40% as
multibacillary.

Study population. The target population
consisted of school children residing in
Manaus, as that covered by the 1994 rec-
ommendation for BCG vaccination against
tuberculosis, and restricted to those aged 7
to 14 yrs and attending state schools at the
time of the trial implementation (born be-

tween 1984 and 1991). Only schools with
more than 50 pupils in this age group were
included in this study.

This population has a high coverage of
neonatal BCG: official data reported cover-
age rate of 56.8%, 74.8%, 82.0%, 89.0%, for
those born in 1988, 1989, 1990, and 1991,
respectively. Therefore, for most people this
will be a second dose. No child was ex-
cluded on the basis of previous history of
tuberculosis or leprosy.

Screening for detecting leprosy and
HIV infection. An increase in the risk of lep-
rosy has been described in the initial follow-
up period in some trials (10, 13) (but not re-
ported in all of them). However, this trial
did not include screening for leprosy before
vaccination. This was for two reasons. First,
the trial aims to estimate the vaccine effec-
tiveness under the recommended policy for
tuberculosis and this policy does not include
previous screening (17), even though Brazil-
ian policy for BCG vaccination among
household contact of leprosy includes
screening for detecting leprosy before vac-
cination. Such a screening among school
children as a requirement to vaccination
would probably not be feasible because of
the large number of individuals, and would
be a time-consuming operation. Secondly,
the increase in risk for leprosy, if present,
was expected to be transient and would not
be considered an obstacle to a BCG large-
scale vaccination in leprosy endemic areas.

Although BCG vaccination carries a risk
of severe adverse effects when given to
people with AIDS (22), screening for HIV
infection was not done. The prevalence of
AIDS in Manaus and in this age group is
low (one case was reported during the
whole period of 1998 to 2001 among those
aged 7 to 14 yrs) (15), and the 1994 recom-
mendation for BCG among school children
does not require HIV screening.

Outcomes. All leprosy cases from Ma-
naus reported by the local surveillance ser-
vice and belonging to the target population
have been recorded. The incidence of lep-
rosy is expressed as the NCDR of leprosy
per 10,000 person years in the two compar-
ison groups during the trial follow-up.

Sample sizes and follow-up period.
Leprosy has a long incubation period (7) but
the protective effect of BCG against leprosy
was observed very soon in some trials (1, 21).
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As most cases in Manaus are paucibacillary,
with a shorter incubation period (7), the sam-
ple size was chosen to allow a first interme-
diate analysis after 4 to 5 yrs of follow-up.
The study power at this phase would not
necessarily be sufficient for detection of dif-
ferences in VE between clinical forms or
previous vaccination status. To estimate the
sample size for the leprosy component of
the trial, we used the formula described in
chapter 7 in Friedman, et al. (9):

2N = 2[Zα √2P̄(1 – P̄) + Zβ
√Pc(1 – Pc) + Pi(1 – Pi)]2/(Pc – Pi)2

Where Pc and Pi are the incidence propor-
tions in control and intervention groups, re-
spectively; P̄ = (Pc + Pi)/2, Zα is the critical
value corresponding to the significance
level α type I error; Zβ corresponds to the
power. The following parameters were used
to estimate the sample size:

• study power of 80% and 90%;
• type I error of 5%;
• VE of 50% [as observed in the Malawi

trial (11)];
• NCDR of 4 per 10,000 per year in the

control group (overall NCDR in this
age group in Manaus),

• and assuming that rate is constant with
age over time.

This resulted in estimates for different
follow-up periods and study power, pre-
sented in The Table. Finally, it was agreed on
a sample size of 50,000 individuals in each
arm. This number was below the sample size
of the original tuberculosis trial for the city
of Manaus (2). Leprosy cases reported be-
fore the trial started, but who would have
met the trial entry criteria, were used to es-
timate the intra-class correlation (ICC) and
the design effect (DEF) of the NCDR of
leprosy. The ICC was estimated taking
schools as clusters. ICC and DEF were esti-
mated as –0.00088 and 0.95, respectively,
and thus the sample size was not inflated.

Randomization. Schools (N = 286) were
the randomization unit and were firstly allo-
cated to strata defined on the basis of num-
ber of students registered in 1996 in the age
group, and incidence of leprosy and tuber-
culosis in 1996 in the geographical areas
where schools were located. The city of

Manaus is divided in 56 administrative ar-
eas (districts) that are grouped into 6 greater
geographical areas (South, North, West,
East, Center-West, Center-South). These 56
districts were categorized into those with
incidence of leprosy (NCDR) below or
above to the incidence of the city as a
whole. The same procedure was used for
tuberculosis. The districts were then classi-
fied into five levels: four combinations of
incidence of tuberculosis and leprosy, and a
fifth category of the districts with unreliable
or unavailable data on tuberculosis or lep-
rosy. The 286 schools were then sorted by
geographical areas, number of students and
incidence of leprosy and tuberculosis, and
paired. One school in each pair was allo-
cated at random to the control group—the
other was allocated to the intervention
group. When a school had no pair (odd
number of schools in the stratum), this last
school was allocated at random.

Implementation. Trial coordination.
Overall co-ordination of the trial is from the
Instituto de Saúde Coletiva (Brazil) and
London School of Hygiene and Tropical
Medicine (U.K.). Collaborating centers are:
Fundação Alfredo da Matta (FUAM),
Brazilian National Health Foundation and
Brazilian National Immunisation Pro-
gramme. The planning and co-ordinating
research team for Manaus included the lo-
cal co-ordinators and most members of the
team of the second study site of the tuber-
culosis component (Salvador). There were
two local co-ordinators: a clerk with experi-
ence in implementing surveys was respon-
sible for the recruitment and data collection,
and a nurse with experience in managing
surveillance and BCG vaccination was re-

THE TABLE. Size in each arm needed
for an observed vaccine effectiveness of
50% in Manaus and for study power of
80% and 90%.

Year of Cumulative Study power
follow-up incidence (%)a

80% 90%

1st 0.04 117,563 157,610
2nd 0.08 58,764 78,780
3rd 0.12 39,164 52,503
4th 0.16 29,364 39,365
a Baseline incidence estimated in 4 per 10,000 a year

(0.04%).
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sponsible for vaccination and surveillance
for adverse effects. Professionals from the
local leprosy reference service (Fundação
Alfredo da Matta, FUAM) are involved in
the ascertainment and validation of leprosy
cases.

Recruitment, vaccine ascertainment, and
vaccination. In the recruitment phase, field
workers transcribed data (full name, date of
birth, sex, full name of the mother, address)
from school records to a standard form.
This was done without contact with the stu-
dents. Afterwards, BCG scar was read to as-
certain neonatal vaccination status (2).

Vaccination (0.1 ml) was done by trained
nurses through intradermal injection in the
deltoid region of the right arm. The
lyophilized BCG used in Brazil contains the
Moreau strain, related to the Japanese and
Russian strains (6). This is the vaccine used
by the Brazilian National Immunization
Program (PNI), and has been shown to of-
fer high protection against leprosy in Brazil
(12, 14, 19). Four different batches were used in
Manaus and vaccination in each school was
done with a single batch. The vaccines were
stored at the local immunization program
and delivered to the campaign headquarters
when required. The vaccines were kept re-
frigerated and the temperature checked reg-
ularly using the routine cold chain facilities.

Surveillance of adverse events. The rou-
tine passive surveillance for adverse events
was enhanced. A letter containing informa-
tion on BCG adverse events was distributed
to all children on the day of vaccination to
motivate parents to take children to a health
facility if they had a health problem follow-
ing vaccination. Health workers in the ref-
erence medical centers for tuberculosis and
leprosy were made aware of the trial and
alerted to possible BCG adverse events.
Suspected adverse events were expected to
be diagnosed in the health facilities and
treatments for adverse events provided.
This vaccine safety surveillance continued
for 4 months after the end of vaccination.

Avoidance of bias. This study is not a
double-blind trial and there was no conceal-
ment of allocation, so study participants
knew whether they received the vaccine,
which could lead to detection bias. How-
ever, bias is not expected as those with clin-
ical features of leprosy are equally likely to
seek medical attention irrespective of vacci-

nation status. Linkage of leprosy cases to
the study population is done blind to vac-
cine status, and physicians are not aware
about the BCG status of the most leprosy
cases (see below).

Another potential source of contamina-
tion is vaccination in individuals allocated
to the control group after the start of the
trial due to vaccination among household
contacts of leprosy cases, leading to an un-
derestimate of the vaccine effectiveness.
However, this vaccination in contacts is
scarcely implemented in Manaus (in 1998,
official data reported 60 individuals for all
age groups who received BCG to prevent
leprosy) (15) and the managers of the local
immunization program agreed in not en-
hancing this vaccination among contacts
before the first phase of the trial.

Follow-up procedures. Passive follow-
up and case ascertainment. Follow-up con-
sists of identifying cases in the surveillance
system and establishing whether they are
from the trial population through linkage.
Although several health facilities undertake
leprosy diagnosis in Manaus, 70% of all
cases are diagnosed and treated in the local
leprosy reference center (FUAM), where
the state epidemiological surveillance ser-
vice for leprosy is based. All leprosy cases
in FUAM are submitted to biopsy and skin
smear. A standardized notification form is
routinely completed for all leprosy cases in
the other diagnosing units and forwarded to
FUAM where data are entered into a com-
puterized database, so data from all leprosy
cases can be easily obtained.

Physicians are asked to refrain from in-
quiring about the BCG status until a defini-
tive diagnosis is made, unless the physician
judges it necessary to know the BCG status
for good clinical practice. A standard form
was developed in the local reference center
(FUAM) to collect information on whether
the clinician was aware of the BCG vacci-
nation status of the patient. Cases are rou-
tinely categorized according to the criteria
adopted by the Brazilian Ministry of Health
(based on the Madrid Conference and two
groups system proposed by the World
Health Organization) (16), and based on
Ridley-Jopling classification (18).

Setting up the database and linkage of
cases. The study has two databases. The
data on the recruited study population were
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entered in the first database (study popula-
tion database). It contains identification
data (which were transcribed from school
records to a standardized form during the
recruitment phase), neonatal BCG vaccina-
tion (mainly from BCG scar reading) and
vaccination by the trial. Clinical and labora-
tory data for each case of leprosy detected
during the follow-up, as recorded in the ref-
erence center and by the surveillance ser-
vices, are entered in a second database (case
database). Records in the case database are
matched to the records in the study popula-
tion database, based on variables present in
both databases: subject’s name, date of
birth, sex, and mother’s name, without ac-
cess to data on whether the study partici-
pants had received BCG. This matching is
done twice by two independent researchers.

Concerns. This trial as a whole is a joint
collaboration involving the two academic
institutions and the Brazilian Ministry of
Health. Two ethical committees (Universi-
dade Federal da Bahia, Brazil; and London

School of Hygiene and Tropical Medicine,
U.K.) approved the original trial of tubercu-
losis. The leprosy component trial was
added to the trial of tuberculosis later. The
initial view was that ethical approval was
not required because the main additional
activity was the ascertainment of leprosy
cases from routine sources. This was re-
vised later on, and the trial received ethical
committee approval by the National Ethical
Committee in 2003.

RESULTS
Field work (recruitment) in Manaus be-

gan in July and finished in December 1998.
Vaccination began in September and fin-
ished in December 1998. The starting point
for the follow-up of new leprosy cases was
on 1 January 1999.

The Figure shows the population as en-
rolled in the study and the sub-populations
to be used in the estimate of the VE.
Records were collected in 286 schools (140
schools in intervention group and 146 in

THE FIGURE. Flowchart of the study participants in the city of Manaus eligible to receive the vaccine. The
vaccine effectiveness will be estimated by comparing the incidence rates between control (59,011) and interven-
tion (51,207) groups.
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control group). Information on identifica-
tion was collected on 156,331 individuals,
corresponding to about 69.0% of the popu-
lation of Manaus in this age group. From
this group, 3893 individuals were excluded
because they were outside the target age
group and thus 152,438 individuals re-
mained: 79,458 in schools allocated to the
control arm and 72,980 in schools allocated
to vaccination. The proportion of individu-
als with a BCG scar reading was similar in
control and intervention groups (79.9% vs
76.3%, respectively). The groups in which
the VE will be estimated are constituted of
110,218 individuals with either no BCG
scar or one BCG scar. Among those 51,207
in the intervention group, 46,997 were vac-
cinated and 4210 were not due to the fol-
lowing reasons: 11 had already two BCG
doses reported in vaccination cards or by
the guardians, 843 refusals by the school
children, 2342 refusals by their guardians,
68 were not present at the moment of vacci-
nation, 946 for reasons not documented.

DISCUSSION
VE will be estimated by comparing the

incidence of leprosy among individuals in
the original allocation groups, but including
only those with BCG scar reading and of
these, only those with no scar or one BCG
scar (N = 110,218). The first analysis will
be done when the total number of leprosy
patients in this group allows a study power
above of 80% for a vaccine effectiveness of
50%. This analysis consists of an intention-
to-treat approach in which 92% (46,997) of
the individuals allocated to vaccination
were vaccinated. So, a vaccine effective-
ness of 50% will be observed as 46%,
which does not represent a significant loss
of power.

The proposed plan of analysis for the
main objective will mainly consist of three
phases. First, the description of the base-
line characteristics of the study population.
Second, the effect of cluster will be es-
timated. Third, estimation of the VE will
be obtained as the percent reduction in
NCDR per person-year among unvacci-
nated individuals as compared to those
vaccinated. The VE will be estimated for
the total number of leprosy cases and sepa-
rately for time period from vaccination,
age group, sex, neonatal BCG vaccination

and clinical forms. The estimation of VE
will be estimated by standard statistical
procedures and also adjusted by the effect
of clustering.
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