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Four large controlled trials have been
conducted to assess the protective effect of
BCG vaccination against leprosy (2.7.12.11).
The efficacy observed for the vaccine has
varied from approximately 20% in Myan-
mar (Burma) (') to 80% in Uganda (9. The
reasons for this variation are unknown and,
therefore, it is difficult to assess the role that
BCG vaccination might have in leprosy
control, especially in those geographical ar-
eas such as Latin America where no trials
have been carried out.

The case-control approach may be used
to make a retrospective assessment of vac-
cine efficacy ("), and although this method
of evaluation is inferior to that of a con-
trolled trial, if carefully applied it may en-
able a reasonable assessment to be made of
the impact of vaccination. For example, us-
ing this and other methods in a study in
Malawi, Fine and colleagues ((i) obtained an
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estimate of the efficacy of BCG against lep-
rosy of approximately 50%, not greatly dif-
ferent from the estimate of 80% obtained
further north in Africa in a controlled trial
in Uganda (12).

In Venezuela, BCG vaccination has been
incorporated into leprosy control activities
for many years, although without formal ev-
idence of the effectiveness of this measure.
The rationale for the use of BCG for this
purpose was based on the postulate by Fer-
nandez (5) of a protective effect of such vac-
cination. This postulate was supported by
the observation that when household con-
tacts of leprosy patients were vaccinated re-
peatedly with BCG, the Mitsuda reaction
became positive (3). In the Venezuelan lep-
rosy control program an attempt was made
to give BCG every 1 or 2 years to the house-
hold contacts of leprosy patients. A similar
policy was adopted for children under the
age of 15 years who lived in areas where the
prevalence of leprosy was relatively high.

During the recruitment phase of a ran-
domized controlled trial to assess the effi-
cacy of a new leprosy vaccine in Venezuela
(4), we were able to conduct a case-control
investigation of the efficacy of BCG against
leprosy among the household and other close
contacts of leprosy cases. We believe that
this investigation is the first in which an
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assessment has been made of the efficacy of
BCG against leprosy in a Latin American
country. Preliminary results of this inves-
tigation have been presented elsewhere (4),
and the findings are presented here in more
detail.

METHODS
In 1984 a large-scale, randomized con-

trolled trial was started in Venezuela to as-
sess whether a vaccine consisting of a mix-
ture of BCG and armadillo-derived killed
Mycobacterium leprae offered better pro-
tection against leprosy than BCG alone (4).
The incidence of leprosy in Venezuela is
low, and it was not expected that there would
be sufficient cases arising to include more
than two "arms" in the trial. Thus, although
it was not known if BCG alone protected
against leprosy in the trial population, it was
decided not to include a group in the trial
who received only a placebo vaccination.
The trial population was chosen from among
those known to be at relatively high risk of
leprosy, that is, from the household and oth-
er close contacts or known leprosy patients
(e.g., neighbors, workmates, family mem-
bers) in three states of Venezuela with the
highest rates of leprosy.

The eligible trial population was defined
by public health inspectors who compiled a
list of such contacts, according to detailed
instructions, for the approximately 2000
known cases of leprosy in the study area.
The contacts were invited to participate in
the trial and those who agreed carjrie for a
physical examination and were given skin
tests with tuberculin and leprosy soluble an-
tigen, and a blood sample was taken. As part
of the physical examination each contact
was examined for BCG scars and lepromin
scars and the numbers of each were noted.
Each contact was also examined for evi-
dence of leprosy, and any cases found were
excluded from the trial but are the subject
of the present investigation. A comparison
was made of the distribution of the number
of BCG scars in the new cases of leprosy
found and in the remainder of the popula-
tion examined.

Because both BCG vaccination and lep-
rosy rates vary with age, geographical lo-
cation, and the closeness of the contact with
the index leprosy case, an attempt was made

to control for the potential confounding ef-
fects of these factors by selecting matched
controls for each case. For each case, the
controls were selected as all those contacts
who were examined and who were of the
same sex as the case, were in the same five-
year age group, lived in the same munici-
pality and were of the same contact "status"
(household or nonhousehold contact).

Analyses were conducted of the data in
the matched (case-control) sets to obtain
relative risk estimates using the method of
conditional logistic regression. Adjustments
were made for potential confounding fac-
tors using the same strategy.

RESULTS
Among the 64,570 contacts who were

screened for entry into the trial, 95 new cases
of leprosy were found. For 692 contacts,
including 3 cases, the numbers of BCG and
lepromin scars were not recorded. The
numbers of BCG scars noted for each of the
remaining 63,878 contacts are shown in
Table 1, together with the corresponding
data for cases, classified according to the type
of leprosy. There is an inverse association
between the number of BCG scars and the
prevalence of leprosy. Also, the cases whose
disease was classified toward the leproma-
tous pole had fewer BCG scars, on average,
than those classified toward the tuberculoid
pole. The data in Table 1 must be inter-
preted with caution, however, since they are
not adjusted for age and other potentially
confounding factors.

Further analyses were based, therefore,
on the comparison of the cases with their
matched controls. The number of controls
who could be matched to each case varied
greatly. For two cases no suitably matching
controls could be found, and these cases were
excluded from subsequent analyses. The
greatest number of controls matched to a
single case was 335. In five instances two
cases shared the same matching character-
istics, and they were preserved in pairs for
the analysis together with their matched
controls. In one other instance a pair of cases
shared the same matching characteristics but
they had different types of leprosy (one mul-
tibacillary and one paucibacillary). The 39
matched controls were divided randomly
between these two cases (19 to one, 20 to
the other). Thus, the logistic regression anal-
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TABLE 1. Number of BCG scars among contacts of leprosy patients screened for entry
into trial and among newly detected prevalent cases of leprosy.

No.
BCG
scars

All contacts Prevalent cases of leprosy' Crude
rate/
1000examined LL BL^1313 BT LI LT Total

0

3
4
5+

Total

18,101
12,217
11,483
7,673
5,581
8,823

63,878

8
1

9

lo
2

1/

8

10

14
5

1
1
1
24

11
6
7
6

3
35

53
16
9
7
3
4

92'

2.93
1.31
0.78
0.91
0.54
0.45

1.42

" Ridley-Jopling classification: LL = lepromatous; BL = borderline lepromatous; 1313 = borderline borderline;
BT = borderline tuberculoid; LI = indeterminate; LT = tuberculoid.

" Excludes 3 cases (all classified as LI) for whom evidence of BCG scars was not recorded.

yses were based on the analysis of 85
matched sets of cases and controls.

The overall distributions of the numbers
of BCG scars recorded for the cases and the
matched controls are shown in Table 2, to-
gether with estimates of the risk of leprosy
relative to those with no BCG scars record-
ed. Overall, those with one or more BCG
scars had a relative risk of leprosy of 0.44,
corresponding to a vaccine efficacy of 56%
(95% confidence limits 27% to 74%). The
relative risk was about 0.5 for those with 1
to 3 BCG scars, and about 0.3 for those with
4 or more such scars, but this difference was
not statistically significant. Eleven cases and
91 of the matched controls had one or more
lepromin scars recorded, and the presence
of such a scar was associated with a relative
risk of leprosy of 2.9 (95% confidence in-
terval 1.3 to 6.8).

The cases were classified according to
various characteristics to determine if there

was evidence that the protective effect as-
sociated with the presence of BCG scars var-
ied in different subgroups. The results of
these analyses are summarized in Table 3.
There was no evidence that the protective
effect varied with age or according to wheth-
er or not the case of leprosy lived in the
same household as another case. The num-
ber of cases and controls with one or more
lepromin scars was small and, although the
decreased relative risk of leprosy among
those with one or more BCG scars was ap-
parent only in those without a lepromin scar,
the difference in relative risk among those
with and without a lepromin scar was not
statistically significant. The efficacy among
males was significantly higher than among
females.

Among the cases, 22 were classified as
multibacillary (Table 1: LL + BL + BB,
less 1 with no controls) and 68 as pauci-
bacillary (the remainder in Table 1, less 1

TABLE 2. Distribution of the number of BCG scars among cases and matched controls.

No.
BCG scars

Leprosy
cases' Controls Relative risks'

0 51 1158 1.0^1.0
1 16 764 0.51
2 9 632 0.42
3 7 432 0.54 0.44
4 3 324 0.25
5+ 4 331 0.29

Total 90 3641

Chi-square 12.62^10.39
(degrees of freedom) (5)^(I)

0.027^0.001

Excludes 2 cases for whom matched controls were not found.
b Based on logistic regression analysis of matched case-control sets.
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TABLE 3. Relative risk of leprosy among those with one or more BCG scars according
to various factors.

Factor Subgroup

No. 11CG scars

Relative
risk'

Test for
heterogeneity0 1+

No.
cases

No.
controls

No.
cases

No.
controls

x2 (I)F)

Age (yr) 0-14 12 473 9 860 0.73
15-44 15 225 11 447 0.44 1.15(2)
45+ 24 460 19 1176 0.36 NS"

Sex Male 33 556 14 902 0.27 4.89(1)
Female 18 602 25 1581 0.86 p < 0.05

Contact type Household 14 128 11 83 0.62 0.52(1)
Other 37 1030 28 2400 0.40 NS

No. lepromin scars 49 1145 30 2405 0.39 0.59(1)
1 + / 13 9 78 1.37 NS

Leprosy type Multibacillary 19 223 3 385 0.03 16.04(1)
Paucibacillary 32 935 36 2098 0.74 p < 0.001

Total 51 1158 39 2483 0.44

Relative risk of leprosy among those with 1 or more BCG scars compared to those with no BCG scars.
" NS = Not significant.

with no controls). Among the former group
the relative risk of leprosy among those with
one or more BCG scars was 0.03; whereas
among the latter group, the corresponding
relative risk was 0.74 (Table 3). This dif-
ference was statistically highly significant [x2
(1 DF) = 16.04; p < 0.001].

DISCUSSION
The main finding in this study is evidence

of a substantial protective effect of BCG
vaccination against leprosy among house-
hold and other close contacts of leprosy
cases. The examination of the contacts was
undertaken to screen them for eligibility for
entry into a trial of a new leprosy vaccine,
and at the time the contacts were seen, it
was not planned to conduct the analyses
described in this paper. We have no reason
to believe that suspected cases of leprosy
were examined more carefully for BCG scars
than other contacts. Indeed, if there had been
such a tendency it is likely that it would
have biased against finding a deficit of scars
among cases compared to the controls.

Evidence of previous BCG vaccination
was based on the finding of vaccination scars.
Scars are not formed among all those who
have been vaccinated, and an examiner may
mistakenly identify a scar as due to BCG
that was due to some other cause. The effect
of such misclassification is to bias the es-

timation of the relative risk of leprosy, as-
sociated with BCG vaccination, toward uni-
ty (" ). Thus, it is likely that the protective
efficacy of 56% estimated in this study (95%
confidence interval 27% to 74%) is an un-
derestimate of the true efficacy. It is im-
portant to emphasize, however, that the es-
timate of efficacy derived is not based on
results from a randomized controlled trial,
and there may have been differences in the
risk of leprosy among those with and with-
out BCG scars which were unrelated to BCG
vaccination.

Our results could be explained, for ex-
ample, if those at greatest risk of leprosy,
for whatever reason, were less likely to be
vaccinated with BCG. In normal circum-
stances such biases are not hard to imagine
since leprosy is a disease which is associated
with poverty and deprivation, and it is in
such groups that the utilization of vacci-
nation service is often poorest. We have tried
to control for this in the analysis by selecting
controls from the same subgroup as the cases
(i.e., contacts of leprosy cases) and matching
them for age, sex, closeness of contact with
an index leprosy case and municipality of
residence. No assessment was made of the
socioeconomic status of cases or controls
and, although we think it unlikely that dif-
ferences of this kind can be entirely respon-
sible for the protective effect found, we can-
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not exclude this possibility of bias
completely.

Generalization of our findings should be
undertaken with caution since the study
population was atypical in two major re-
spects. Firstly, it consisted of close contacts
of leprosy patients and, thus, their exposure
to leprosy is likely to have been greater than
that of members of the general population.
A significant number of contacts of leprosy
patients may be exposed to Al. leprae over
extended periods, and the resulting immu-
nological stimulation may act to extend the
duration of any protection conferred by BCG
vaccination. Secondly, many of the contacts
in this study had received multiple doses of
BCG, given periodically over a number of
years. The protection associated with a sin-
gle BCG scar was not significantly different
from that associated with multiple scars, but
there was a tendency for the risk of leprosy
to be lowest among those with four or more
BCG scars (Tables 1 and 2).

Multiple BCG vaccination had been part
of the Venezuelan leprosy control activities,
and it should be noted that some of those
who received several doses of BCG also will
have been tested repeatedly with lepromin.
We cannot rule out the possibility that this
antigen affected the subsequent risk of lep-
rosy. This may be the explanation for the
finding that a lepromin scar was associated
with an increased risk of leprosy. In the
Venezuelan leprosy control program the ap-
plication of lepromin was limited to house-
hold contacts, whose risk of acquiring lep-
rosy is much higher than in the general
population. Thus, a lepromin scar may be
a marker of an individual who has been a
household contact of a leprosy case at some
time in the past, even though at the time of
the study they may not have resided in such
a household.

Our finding that the efficacy of BCG
against leprosy was higher among males than
among females was also present in the BCG
trial conducted in Myanmar (7), but a sex
difference in protection has not been re-
ported in other studies (2, 6, 12s,) and it may
be a chance finding. A finding of special
interest was the high protection that BCG
vaccination appeared to have conferred
against multibacillary leprosy (Table 3).
Only 3 of 19 cases of multibacillary leprosy
had a BCG scar, compared to 36 of 68 cases

of paucibacillary disease. The numbers on
which this finding was based were small,
although the difference in the protection
conferred by BCG with respect to the two
types of leprosy was highly significant (Ta-
ble 3).

In the controlled trials of BCG against
leprosy, the incidence of multibacillary dis-
ease has been too small to make an accurate
assessment of protection against such dis-
ease. In a recent case-control study in Brazil,
Rodrigues, et al. (10) reported an overall pro-
tective efficacy of BCG against leprosy of
81%, but found the protective effect was
near zero among paucibacillary cases and
over 90% among multibacillary cases. Pon-
nighaus, et al. (9) reported a protective effect
of 50% against all forms of leprosy in a pro-
spective study in Malawi, and 84% against
multibacillary disease, although the confi-
dence limits on the latter estimate were wide.
In a large case-control study in Tamil Nadu,
South India, Muliyil, et al. (8) found no sig-
nificant protection of BCG against all forms
of leprosy combined, but reported that BCG
appeared to increase the risk for indeter-
minate leprosy while protecting against bor-
derline disease. Conversely, Abel, et al. (1),
in a study in Vietnam, found evidence of
protection only among nonlepromatous
cases.

We have postulated elsewhere that our
failure to find that a mixture of BCG and
killed armadillo-derived M. leprae gave
substantially greater protection against lep-
rosy than BCG alone (4) may be due to the
fact that in Venezuela, at least, the latter
vaccine itself confers high protection against
the disease. It will be important to assess
whether such protection can be demonstrat-
ed in other Latin American countries. The
case-control approach provides a rapid and
relatively inexpensive means of making such
assessments.

SUMMARY
A total of 64,570 household and other

close contacts of about 2000 leprosy cases
were screened for eligibility for entry into a
trial of a new leprosy vaccine. The screening
procedure included a clinical examination
for leprosy and for the presence of BCG and
lepromin scars. Ninety-five new cases of
leprosy were identified, and the prevalence
of BCG and lepromin scars among them
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was compared with similar data from
matched controls selected from among those
with no evidence of leprosy. The difference
in the prevalence of BCG scars in the two
groups was used to estimate the protection
against leprosy conferred by BCG vacci-
nation. One or more BCG scars was asso-
ciated with a protective efficacy of 56% (95%
confidence limits 27% to 74%). There was
a trend of increasing protection with four or
more BCG scars, but this was not statisti-
cally significant. There was no evidence that
the efficacy of BCG varied with age or ac-
cording to whether or not the contact lived
in the same household as a case. The pro-
tective effect was significantly higher among
males, and was significantly greater for mul-
tibacillary than for paucibacillary leprosy.

RESUMEN
Sc examinaron 64,570 contactos (convivientes y no

convivientes) de aproximadamente 2000 pacientes con
lepra, con el fin de establecer su eligibilidad para par-
ticipar en un proyecto sobre una nueva vacuna anti-
leprosa. El procedimiento de tarnisaje incluye) una eva-
luaciem clinica, bUscando signos y sintomas de lepra,
asi como el registro de cicatrices producidas por el BCG
o por la lepromina. Sc identificaron 95 casos nuevos
de lepra y la prevalencia de cicatrices por BCG o le-
promina entre ellos, se compare) con la prevalencia de
cicatrices observada en controles apareados seleccio-
nados de los individuos que no tuvieron evidencias
La enfermedad. La diferencia en la prevalencia de ci-
catrices por BCG entre los dos grupos se utilize) para
calcular la protecciOn contra la lepra conferida por la
vacunaciem con BCG. Una o más cicatrices por BCG
estuvieron asociadas con una eficacia protectora del
56% (95% de contianza entre los limites del' 27% al
74%). La protecciem tendia a aumentar con cuatro o
más cicatrices por BCG, pero este aumento no fue de
significancia estadistica. No hubieron evidencias de que
La eficacia del BCG variara con la edad o de que pudiera
estar en funciem del grado de convivencia, esto es, de
que el contacto viviera o no en la misma casa que el
paciente. El efecto protector fue significativamente
mayor entre los hombres, y tambien significativamente
mayor para la lepra multibacilar que para la pauci-
bacilar.

RÉSUMÉ
On a examine un total de 64.570 contacts domici-

liaires et autres proches contacts d'environ 2000 ma-
lades de la lepre pour leur eligibilite ft l'incorporation
dans un essai d'un nouveau vaccin anti-lepreux. La
procedure comprenait un examen clinique pour la re-
cherche de lepre et la presence de cicatrices de BCG et
de lepromine. Nonante-cinq nouveaux cas de lepre ont

ête identifies, et la prevalence des cicatrices de BCG et
de lepromine parmie eux a ete compathe avec les ob-
servations chez des temoins apparies selectionnes par-
miles contacts ne presentant aucun signe de lepre. La
difference de la prevalence des cicatrices de BCG dans
Les deux groupes a ête utilisee pour estimer la protection
vis-a-vis de la lepre conffiree par la vaccination au
BCG. Une ou plusieurs cicatrices de BCG etait associee

une efficacite protectrice de 56% (limites de confiance
a 95% : de 27% a 74%). IL y avail une tendance
l'augementation de la protection avec quatre cicatrices
de BCG ou plus, mais celle-ci n'etait pas statistique-
ment significative. 11 n'y avait pas de signe que l'effi-
cacite du I3CG variait avec rage ou avec le fait que oui
ou non le contact vivait dans la meme maison qu'un
=lade. L'effet protectur emit significativement plus
êleve parmi les hommes, et etait significativement plus
grand pour la lepre multibacillaire que pour la lepre
paucibacillaire.
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