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Brazil is a high-endemic area for leprosy,
and it is one of the few countries in Latin
America where the leprosy endemic is in-
creasing ( 7). During the last two decades, an
overall prevalence rate of leprosy of 1.8 per
1000 and a detection rate of 17/100,000
with a steady annual increase of 6% was
reported by the Brazilian Ministry of Health
(I"). In 1990, there were more than 270,000
leprosy cases registered in the official con-
trol program, representing approximately
85% of the total patients in South America
(Ministry of Health, 1990, unpublished
data).

Intradermal BCG vaccination against tu-
berculosis was introduced in the 1970s (n).
However, the use of BCG against leprosy as
a public health measure has a more recent
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history, although the possible role of this
vaccine in leprosy control was suggested by
Fernandez in 1939 ( 3 ).

Several well-designed, randomized, con-
trolled trials have been performed to assess
the protective efficacy of BCG against lep-
rosy in different regions of the world
( 1 - 8 ' 70 . 2 '). Although different results were
found, there seems to be strong evidence
indicating that BCG can offer highly effec-
tive protection against leprosy, which is
equal to or greater than its protection against
tuberculosis (4 . 5 ).

The effect of BCG in a leprosy control
program lacks an evaluation. Recent re-
views emphasize the necessity of evaluating
the effectiveness of BCG vaccination in lep-
rosy control, and propose the case-control
method as the appropriate design in these
circumstances ( 17 . ' 8 ).

Case-control studies to assess the efficacy
of BCG against leprosy should be conducted
in areas of high prevalence of leprosy and
intermediate vaccine coverage, such as the
Center-West region of Brazil with 3.2/1000
leprosy prevalence and BCG coverage of
60% to 80%. The efficacy of intradermal
BCG in the prevention of leprosy was eval-
uated in this paper based on a case-control
design. Differences in protection between

335



336^ International Journal of Leprosy^ 1992

the paucibacillary (PB) and multibacillary
(MB) types of the disease were also assessed.

METHODS
Study area

The study was carried out in Goiania city,
Center-West region for the Brazilian official
leprosy control program. Data from this re-
gion showed prevalence of 3.4/1000 and al-
most a threefold increase in the detection
rates from 1969 (6/100,000) to 1987 (17/
100,000), being considered an area with high
and increasing prevalence and detection
rates of leprosy. Case detection usually oc-
curs by self-reporting in outpatient clinics
of the public health sector, and no survey
for detection of leprosy has been conducted
in this community recently.

Goiania has a traditional dermatologic
outpatient health service, Centro de SaUde
Juarez Barbosa, with more than 4000 pa-
tients under treatment, representing about
90% of all registered patients in this city.
More than 800 new leprosy cases were di-
agnosed in this health center during 1990
(16) .

Intradermal BCG (Moreau strain) has
been included in the national immunization
program against tuberculosis since 1973.
BCG coverage varied from approximately
60% to 80% among children under 1 year
of age. Although intradermal BCG has been
recommended by the leprosy control pro-
gram to all household contacts of lepro-
matous and borderline patients ('), this pol-
icy has not been implemented.

Study population
Selection of cases. Cases were selected

from the outpatient clinic of Centro de Safide
Juarez Barbosa in the period between Au-
gust 1989 and August 1990. All newly di-
agnosed leprosy patients under 16 years of
age were included in this study and all of
them were schoolchildren. This age group
was chosen taking into consideration that
intradermal BCG was implemented as a
health policy only after 1975. These cases
were examined by two dermatologists and
were classified according to the operational
criteria defined by the Brazilian Ministry of
Health ( 1()) as indeterminate (I), tuberculoid
(T), borderline (B) and lepromatous (L).
Histological and bacilloscopy smear tests

were performed in all patients. All indeter-
minate cases were given lepromin skin tests
to assess cellular immunity.

Selection of controls. Controls were se-
lected from among schoolchildren from
schools geographically located in the areas
from which the cases came. Three controls
under 16 years old, frequency matched by
sex and age groups (1-5, 6-10 and 11-15
years), were selected for each case. All chil-
dren were clinically examined at the school
by the same dermatologists to exclude any
clinical signs of leprosy. The selection of
controls in the same geographical area as-
sured a similar socioeconomic background
between the cases and the controls. Sixty-
two cases and 186 controls were included
in the study. This sample size had a 95%
power to detect a protection equal to or
greater than 35% associated with BCG vac-
cination at a 5% level of statistical signifi-
cance assuming a 50% BCG coverage among
controls.

BCG vaccination. Exposure to intrader-
mal BCG for cases and controls was eval-
uated by looking for the typical scar of BCG
over the right deltoid region and, when pos-
sible, it was confirmed by a vaccination card.

Statistical analysis. Data were analyzed
using the Statistical Package for Social Sci-
ences (SPSS/PC+) 1987. Chi-squared tests
were calculated to measure the difference
between proportions, and p values (two
tailed) 0.05 were considered statistically
significant. The odds ratio (OR) and 95%
confidence intervals (CI) were calculated to
assess the protection of BCG against lep-
rosy. Vaccine efficacy (VE) was calculated
using the formula VE = 1 — Relative Risk
("). The odds ratio was used as the esti-
mation of the relative risk, considering that
leprosy is a relatively rare disease.

For analysis, clinical forms of leprosy with
similar impaired cell-mediated immunity
were considered together. Lepromatous,
borderline, and indeterminate lepromin-
negative patients were pooled and referred
to as MB cases. Tuberculoid and indeter-
minate lepromin-positive patients were also
pooled and referred to as PB cases.

RESULTS
The distribution of leprosy cases and con-

trols according to age group and sex is shown
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TABLE 1. Distribution of cases and con-
trols according to age and sex.

Character- Cases Controls

istics No. % No.

Sex
Male 35 56.5 90 48.4
Female 27 43.5 96 51.6

Age group (yr)
1-5 4 6.5 10 5.4
6-10 17 27.4 53 28.5

11-15 41 66.1 123 66.1

in Table 1; 37 (59.7%) cases were classified
as MB and 25 (40.3%) as PB. These two
groups had approximately the same sex dis-
tribution (56.5% were male). The mean age
was 11.4 (S.D. 3.1) for the MB and 10.9
(S.D. 3.4) for the PB groups (t test, p >
0.05). The presence of a BCG scar was neg-
atively associated with leprosy, with an odds
ratio of 0.19 (95% CI 0.10-0.37), indicating
a 5.3 increased risk of leprosy for those non-
vaccinated and protective vaccine efficacy
of 81% (1-0.19) with 95% CI limits from
63% to 90% (Table 2).

PB patients were more likely to have BCG
scars (19/25) than were MB patients (5/37),
a statistically significant difference (x 2 24.5,
p < 0.01) (Table 3).

DISCUSSION
Recently, new vaccines against leprosy

employing two microorganisms (BCG plus
killed Mycobacterium leprae) are being as-
sessed by large clinical trials in Venezuela,
Malawi, and India ( 2. 6 ' 13 ' 15 ). However, there
are practical arguments in favor of using
alternative designs to evaluate vaccine ef-
ficacy, since BCG has already been part of
a routine immunization program against tu-
berculosis for many decades, and it may be
considered unethical to have a placebo group
in a vaccine trial. Furthermore, the pro-
gressive urbanization and the intensive in-
ternal migration in underdeveloped coun-
tries, particularly where leprosy is endemic,
are also important limitations for a long fol-
low-up study. In Brazil, BCG against lep-
rosy within the routine program needs to be
evaluated before considering new vaccines
for public health policy.

The most obvious advantages of a case-

TABLE 2. Association between BCG scar
and leprosy.

Cases^Con-
OR'^95% Cr'

trots

Yes
No

Total

24
38

62

143
43

186

0.19' 0.10-0.37

OR = Odds ratio.
'' CI = Confidence interval.
p < 0.01.

control approach to evaluate the efficacy of
BCG in routine programs is that case-con-
trol studies are relatively quick and cheap
to conduct and, more important, they can
address the question of efficacy in the actual
vaccination program in a specific region and
population, and not in a planned experi-
mental situation, as in clinical trial.

Our findings suggested that BCG offered
at least a 63% protection against leprosy.
This result is similar to the case-control
study in Malawi that estimated 50% BCG
protection against leprosy, although in that
study cases and controls were not selected
in a field situation but were from the Lepra
Evaluation Project data set based on a total
population survey ( 5 ).

We are aware of the difficulties in making
a highly specific diagnosis of leprosy. The
eventual inclusion of nondiseased subjects
as cases could have the effect of underesti-
mating the BCG efficacy.

BCG protection against leprosy was as-
sessed comparing the different clinical forms
of leprosy and considering the degrees of
clinical severity and cellular immunity be-
tween the two groups of patients. We have
found that a BCG scar was seen in 76% of
the PB cases and in only 13.5% of the MB
cases. No cases with a positive smear pre-

TABLE 3. Association between BCG scar
and leprosy classified as multibacillau or
paticibacillau.

NIultibacillary^Paucibacillary

No.^ No.

19
^

76.0
6
^

24.0

25
^

100.0

x = 24.5, p < 0.01.

BCG
scar

I3CG

Yes
No

Total

5
32

37

13.5
86.5

100.0
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sented a BCG scar. These results suggest
that the protective effect of BCG vaccina-
tion varies according to the different clinical
forms of leprosy, and that a higher BCG
coverage in the population might decrease
the proportion of MB forms. In fact, when
different forms of leprosy were considered
as in a recent study conducted in India, BCG
vaccination was found to be a "risk factor"
for indeterminate forms and to have a pro-
tective effect for the tuberculoid and bor-
derline types of leprosy ( 12 ).

It seems worth mentioning that in case-
control studies finding a proper control
group for comparison may present some dif-
ficulties. Socioeconomic conditions are a
potentially important confounder related to
both exposure (vaccine coverage) and out-
come (incidence of leprosy) ("). Consider-
ing that all leprosy cases were schoolchil-
dren, the selection of controls from schools
geographically related to each case led to
the same degree of socioeconomic match-
ing. Nevertheless, this strategy may not be
sufficient to balance the difference between
cases and controls, particularly when the
main purpose of the study is to measure
vaccine efficacy.

In Brazil more than 5 0% of the incident
cases arc classified as LL or B types, almost
10% of those leprosy cases are under 15
years of age, and low coverage of BCG vac-
cinations are still observed in the country
as a whole. This seems to be a good scenario
for epidemiological research to test a pos-
sible shift of types of leprosy by increasing
BCG vaccine coverage.

SUMMARY
A case-control study was undertaken to

evaluate the protective efficacy of intrader-
mal BCG against leprosy in a high-endemic
area of leprosy in central Brazil. Sixty-two
cases and 186 controls were included in the
study. Cases were all newly diagnosed lep-
rosy patients under 16 years of age attending
an outpatient health service, and all of them
were schoolchildren. Three controls under
16 years old, frequency matched by sex and
age group, were selected from schools geo-
graphically located in the area from which
the cases came. The presence of BCG was
negatively associated with leprosy, indicat-
ing a 5.3 risk of leprosy for those nonvac-

cinated and protective efficacy of 81%. Pau-
cibacillary patients were more likely to have
a BCG scar than multibacillary patients.

RESUMEN
Sc efectuO un estudio de control de casos para eva-

luar Ia elicacia de la aplicaciOn intradermica de BCG
contra la lepra en un area de alta endemia en Ia region
central de Brasil. En el estudio se incluyeron 62 pa-
cientes y 186 controles. Todos los enfermos fueron
casos nucvos, escolares de menos de 16 aims. Por cada
caso, se seleccionaron 3 controles, aparejados por clad
y sexo, provinientes de escuelas localizadas en el Area
de residencia de los pacientes. Se encontrO quc Ia pre-
scncia de BCG estuvo negativamente asociada con Ia
lepra, indicando un riesgo de lepra de 5.3 para aquellos
no vacunados y una elicacia protectora del 81%. Los
pacientes paucibacilares fueron n:is propensos a de-
sarrollar Ia cicatriz por BCG quc los pacicntcs multi-
bacilares.

RESUME

Unc etude cas-temoins a etc entreprise pour évaluer
protectrice du BCG intradermique vis-à-vis

de Ia lepre dans unc region A haute endemicite lepreuse
dans Ic centre du Brasil. Soixante-deux cas et 186 te-
moMs ont etc inclus dans l'étude. Les cas Otaient tous
des patients lepreux nouvellement diagnostiques, ages
de moms de 16 ans et frequentant un service sanitairc
externe, et tous allaicnt a l'ecole. Trois temoins de
moms de 16 ans apparies pour Ic sexe et le groupc (Page
ont ("me selectionnes A partir d'ecoles localisees geogra-
phiquement dans la region d'oU provenaient les cas.
La presence du BCG emit associee négativement A la
lêpre, indiquant un risque do lepre pour ceux non vac-
cines de 5.3 et unc efficacite protectrice de 81%. Les
patients paucibacillaires avaient plus de chances d'avoir
unc cicatricc de 13CG quc Ics patients multibacillaires.
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