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There has been considerable uncertainty
regarding the effect of BCG vaccination on
the risk of developing leprosy. Even though
there is experimental evidence to suggest a
protective effect ('*-21-23), major field trials
have failed to produce consistent results.
The study from Uganda (*°) showed 80%
protection, while studies from Papua New
Guinea ('8-2°) and Burma (') showed 46%
and 20% protection, respectively. A study
from India showed 23% protection (Tri-
pathy, S. P. Chingleput trial of the protec-
tive effect of BCG against leprosy. Paper
presented at the Sixth IMMLEP SWG
Meeting, Geneva, June, 1982). More re-
cently, a case-control study from Malawi
showed 50% protection ('?). The variation
in the protective efficacy of BCG in these
studies has been postulated to be related, in
part, to variations in the intensity of ex-
posure, prevalence of other mycobacteria
providing some protection, differing strains
of Mycobacterium leprae, and genetic sus-
ceptibility of the populations in these stud-
ies (1%).

At present, several field trials are being
planned or are in progress in different parts
of the world to measure the protective effect
of various mycobacterial vaccines against
leprosy (*?). A fresh look at the effect of BCG
may help in planning these studies and in
interpreting the results. Using a case-control
design, we have evaluated the efficacy of
BCG in leprosy prevention since it was in-
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troduced, primarily as an antituberculosis
vaccine, in a high incidence area for leprosy
in the state of Tamil Nadu, India. Our study
raises interesting methodologic questions
concerning the efficacy of BCG and suggests
that the vaccine may have differential effi-
cacy in different types of leprosy.

METHODS

Study area. The state of Tamil Nadu in
India is known to be highly endemic for
leprosy. The prevalence of leprosy in the
Indian states of Tamil Nadu and Andhra
Pradesh has been reported to be about 20
per 1000 (°). BCG vaccination against tu-
berculosis has been done in Tamil Nadu
since 1960. Therefore, this area offers an
ideal setting for measuring the protective
effect of BCG vaccination against leprosy
using a case-control design (*%).

The study was carried out in the leprosy
control project area of the Department of
Community Health, Christian Medical Col-
lege, Vellore. The project has responsibility
for a rural population of about 200,000 per-
sons. The annual case detection rate is about
2.5/1000. Leprosy surveillance and diag-
nosis is done in accordance with the guide-
lines established by the National Leprosy
Eradication Programme of India. Case de-
tection occurs through various surveys and
voluntary reporting. By 1983 the entire
population had been covered by a general
survey at least once. The information per-
taining to the members of each household
was recorded sequentially on separate pages
in the general survey register during the
house-to-house survey. These registers, with
200 pages each, played a key role in the
design and conduct of our study.

Initially, BCG vaccination (1331 Copen-
hagen strain) was offered to all Mantoux-
negative individuals younger than 20 years
of age as part of the National Tuberculosis
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Control Programme. Pretesting with Man-
toux was subsequently discontinued. Dur-
ing the early 1970s school children formed
the main target population of the BCG team.
By 1980 the vaccine was being offered
mainly to newborns at the hospitals and to
the infants at the under-five clinics. The rate
of vaccination in the control population was
42%; rates varied from 26% for those 5-9
years of age to 56% in those 20-24 years
old.

Study population. All newly detected
cases of leprosy, aged 5-24 years, from
among the resident population of the proj-
ect area during July 1986 to June 1988 were
included in the study. All individuals whose
names appeared in the general survey reg-
ister by 1983 were considered residents of
the area. The cases were subjected to a skin-
smear examination and classified by trained
physicians using the Ridley and Jopling
classification into tuberculoid (TT), border-
line tuberculoid (BT), borderline (BB), bor-
derline lepromatous (BL), and lepromatous
(LL) leprosy ('7). Macular lesions with
equivocal loss of sensation were classified
as indeterminate leprosy. Histopathological
examination was carried out only in doubt-
ful cases. Cases were identified by general
survey (86 cases), school survey (141), con-
tact exam (22), voluntary referral (76), and
other means (72).

Controls were chosen from among the
resident population and they were matched
with a case for age (£ 1 year), sex, and lo-
cality. Matching for locality was achieved
by selecting the controls from the same gen-
eral survey register to which the cases be-
longed. A table of random numbers up to
200 was used to identify the page number
in the register from which the search for
each control was to start. Two controls were
chosen for each case younger than 15 and
one control for each older case.

Cases and controls were visited at their
homes by a team consisting of the investi-
gator, a nonmedical supervisor, and the lep-
rosy paramedical worker. The following in-
formation was obtained regarding the cases
and controls: a) presence of BCG scar; b)
presence of a known case of leprosy in the
household; c¢) presence of previously un-
known case in the household; d) presence
of a case among the extra household rela-
tives; e) socioeconomic characteristics: 1)
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type of house, 1i) occupation, iii) land own-
ership, iv) number of years spent in school,
and v) level of education of the highest ed-
ucated individual in the family.

Exposure to BCG was ascertained by the
nonmedical supervisor by looking for the
typical scar over the deltoid region. The in-
formation was recorded as positive, nega-
tive, or equivocal. Individuals with equiv-
ocal BCG scars were excluded from the
analysis. Every effort was made to mask the
BCG reader regarding the clinical status of
the subjects by presenting them as a mixed
group and exposing only their deltoid regions
to the reader. Controls were examined to
rule out any clinical evidence of leprosy.
Similarly, all other members of the house-
hold were also examined. Information on
the presence of an extra-household family
member with leprosy and the socioeco-
nomic characteristics of the household were
obtained by interviewing the subjects and
the adult members of the family.

The data were analyzed on an IBM com-
puter (Model 4381) using the Statistical
Analysis System (SAS) package. Un-
matched logistic regression was carried out
with the Logiest program prepared by Frank
E. Harrel, Jr. Matched set logistic regression
(®) was done with the McStrat program
prepared by James N. Naessins, et al. (SAS
Inc., 1986). These procedures indirectly
measure the odds ratio (OR), which is the
ratio of the odds for the disease among the
exposed to that among the unexposed. In a
relatively rare disease, such as leprosy, the
odds ratio gives a good estimate of the rel-
ative risk (1-odds ratio) % gives the protec-
tive effect of the vaccine.

RESULTS

During the study period, 421 eligible cases
were detected; 405 cases and 694 controls
were followed up. BCG was recorded as
equivocal for eight cases and 25 controls,
and these have been excluded from the fol-
lowing analysis. Thus, there were 397 cases
and 669 controls available for unmatched
analysis and 380 cases and 625 controls
available for matched set analysis.

The distribution of cases according to age
and sex is shown in Table 1. The distribu-
tion of cases according to the type of leprosy
and nerve involvement is shown in Table
2. Three of the six BL cases were studied
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TABLE 1. Distribution of cases according
to age and sex.
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TABLE 3. Comparison of cases and con-
trols by age, education, and family size.

Age

groups Males Females Totals

(r.) (%) (%) (%)

5-9 49 47 96
(20.0) (30.9) (24.2)

10-14 105 58 163
(42.9) (38.2) (41.1)

15-19 60 31 91
(24.5) (20.4) (22.9)

20-24 31 16 47
(12.7) (10.5) (11.8)

Total 245 152 397
(100.0) (100.0) (100.0)

by slit-skin smear and were bacteriologi-
cally positive.

Several socioeconomic and demographic
characteristics in the control population were
significantly associated with the presence of
a BCG scar. Among these were age and sex;
47.2% of males and 33.5% of females had
BCG scars. The number of years of edu-
cation of the individual and the duration of
education of the highest educated member
of the household were both associated with
BCG vaccination. Also, the type of housing
and land ownership were surrogates for the
socioeconomic level of the family; both cor-
related with BCG vaccine status. Housing
type was classified as “pucca” if it was of
brick construction with a tiled or cement
roof, hut (or “katcha”) if it had mud walls
and had a thatched roof, or “semipucca” if
it was between the above two in construc-
tion.

Analysis of the distribution of these char-
acteristics among the cases and controls
showed they were well matched by age, ed-
ucation, years of schooling of the most ed-
ucated in the family, and family size (Table

TABLE 2. Frequency of nerve involvement
by leprosy type.

Nerve involvement

Leprosy Total
type No. %
Ind. 25 0 0
TT 303 11 3.6
BT 61 24 39.3
BB 2 1 50.0
BL 6 4 66.7
Total 397 40 10.1

Cases Controls
(mean = S.D.) (mean = S.D.)

Age 13.13 + 4.88 12.30 = 4.43
No. years in

school 5.34 = 3.11 5.32 = 3.06
No. years in

school of

highest

educated in

household 8.18 + 2.84 8.34 = 294
Size of family 6.74 = 1.85 6.93 + 1.81

3). Also, cases and controls were well
matched by occupation (Table 4) and by
housing type (Table 5).

The unmatched analysis showed that BCG
was not significantly associated with the risk
ofleprosy (Table 6). The presence of a known
case in the family appeared to increase the
risk of the disease considerably (odds ratio
= 4.75, x> = 89.7, p < 0.001).

Exposure to noninfectious (I, TT, BT) and
infectious (BB, BL, LL) leprosy cases within
the family increased the risk for the disease
2.7 times and 11.7 times, respectively, when
compared to those having no familial cases
in the household (Table 7). Similarly, there
was a significant association between having
an extra familial case in the household and
the risk of leprosy (OR = 1.7). Age and sex
did not appear to significantly modify the
effect of BCG on the risk for leprosy (Table
8).

When the effect of BCG on the risk of
developing the different types of leprosy was
studied, an interesting pattern emerged.

TABLE 4. Distribution of cases and con-
trols by type of work of head of household.

X Cases Controls
Occupation

No. % No. %
Laborer 179 45.1 267 39.9
Small farmer 50 12.6 80 12.0
Self-employed 65 16.4 89 13.3
Medium farmer 26 6.5 59 8.8
Artisans 16 4.0 28 4.2
Clerk/Teacher 49 123 105 15.7
High income 9 2.9 17 2.5
None 1 0.3 5 0.7
Not known 2 0.5 19 2.8
Total 397 100.0 669 100.0
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TABLE 5. Distribution of cases and con-
trols by type of housing.

International Journal of Leprosy

Housing Cases Controls
type No. % No. %
Pucca® 100 26% 182 28%
Semipucca® 103 27% 182 28%
Huts 180 47% 286 44%
Total 383 100% 650 100%

* Brick construction with tiled or cement roof.
* Between pucca and hut.
¢ Mud walls and thatched roof.

BCG appeared to increase the risk of de-
veloping indeterminate leprosy (OR = 2.7),
but when one went down the spectrum from
tuberculoid to borderline diseases, there was
a gradual increase in the degree of protec-
tion associated with BCG (Table 9). BCG
was found to offer 61% protection against
Borderline forms of leprosy after adjusting
for significant confounders in a matched set
analysis using multiple logistic regression
(Table 10). Variables adjusted for this anal-
ysis included the following: a) having a
known case in the family, b) having an in-
fectious or noninfectious case in the house-
hold, c) having an extra-household relative
with leprosy, d) being a laborer.

DISCUSSION

Matching the cases and controls for the
general locality of the household appears to
have created a good balance between cases
and controls with respect to many of the
socioeconomic factors which could have had
a bearing on the chance for receiving BCG,
on the one hand, or the risk of disease de-
tection on the other. The magnitude of the
association between infectious and nonin-

TABLE 6. Effect of selected risk factors on
risk of leprosy; unmatched analysis (uni-
variate).

QOdds ratio =

Risk factor S.EM. p

BCG 0.82 = 0.13 0.12
Known case in family 475 =+ 0.17 < 0.001
Own land 0.99 = 0.13 0.925
In school >5 years 0.98 = 0.13 0.875
Living in a hut 1.02 £ 0.13 0.844
Having anyone in house

with >8 years in

school 1.00 = 0.13 0.928

1991

TABLE 7. Association between selected risk
factors and leprosy; matched set analysis us-
ing multiple logistic regression.

95%
Risk factor® Od.ds Confidence p
ratio .
interval

BCG 0.80 0.59-1.10 0.172
Infectious case

in family 11.74 3.97-34.71 < 0.00
Noninfectious

case in family 2.73 1.90-3.92 < 0.00
Extra house-

hold family

case 1.74 1.09-2.80 0.021
Landless

laborer 1.26 0.94-1.68 0.127

* All of the above risk factors were simultaneously
entered into the model so that the independent con-
tribution of each factor to the outcome of a leprosy
infection could be assessed.

fectious intra-familial cases and risk of dis-
ease is similar to that reported by the other
workers (3 % 1),

BCG was found to increase the risk of
indeterminate leprosy while offering pro-
tection against the borderline forms. The
point estimates of the odds ratio suggest in-
creasing protection as one goes down the
spectrum from the indeterminate to pau-

Frequency of reponse

=

i
~ L th BCG

Risk

Withcut
BCG

Frotection

2B 1 (] ]

o]
sub cl. Ind 1T BT BB BL LL

Immunological spectrum

THE FiIGURE. Hypothesized effect of BCG on the
immunological spectrum of leprosy.
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TABLE 8. Effect of BCG on leprosy by age and sex; matched set analysis using logistic
regression.
Age group No. sets® O Tatio 95%.Conﬂdcncc p
(yr.) interval
Males
5-14 151 (288) 0.84 0.54-1.30 0.434
15-24 88 (99) 0.65 0.35-1.22 0.179
All males 239 (387) 0.77 0.54-1.10 0.155
Females
5-14 102 (192) 0.63 0.34-1.16 0.136
15-24 39 (46) 0.71 0.30-1.70 0.422
All females 141 (238) 0.65 0.40-1.00 0.422

2 Figures in parentheses are number of controls.

cibacillary to multibacillary leprosy. There
was 6 1% protection against borderline types.
Although the finding appears to be para-
doxical at first glance, this may offer a new
insight into the manner in which BCG af-
fects the natural history of the disease. M.
leprae infections elicit a highly variable re-
sponse in the host, ranging from subclinical
infection to polar lepromatous leprosy. A
majority of the indeterminate and some of
the tuberculoid cases may heal spontane-
ously, and may not contribute substantially
to the public health importance of the dis-
ease (+!3'4), Following vaccination with
BCG, the host immune response may be
shifted to the left (The Figure), resulting in
a greater proportion of individuals respond-
ing to infection with subclinical disease and
indeterminate leprosy and a smaller pro-
portion manifesting borderline forms of the
disease. This would explain the variability
in the protection offered by BCG with re-
spect to the different types of leprosy.

The results of the BCG trial in New Guin-
ea had some similarities to our findings (*°),
namely, the protective efficacy against in-

determinate, tuberculoid, and borderline
tuberculoid forms in the New Guinea trial
were 20%, 27% and 69%, respectively.
However, the protective efficacy against
what probably was BB/BL and LL disease
was 39% and 40%, respectively. The Uganda
trial found 80% protection; all cases but one
in this study were tuberculoid.

The findings of this study also offer a pos-
sible new explanation for the variation in
the protective effect of BCG reported by the
major field trials. The study from Uganda,
which reported the greatest protective effi-
cacy of BCG, was designed in such a way
that the duration between examinations was
about 3 years (**). This implies that the in-
vestigators would have missed many of the
self-healing forms, and were dealing with a
higher proportion of persistent cases. In the
Burmese study, on the other hand, the sub-
Jjects were examined annually and a greater
proportion of earlier and transient forms
would have been detected (*). If BCG causes
a shift in the immune response, it is con-
ceivable that the vaccinated population may
manifest a higher risk for these transient

TABLE 9. Effect of BCG according to type of leprosy, matched set analysis using logistic

regression (univariate).

QOdds ratio

95% Confidence

Leprosy type No. sets it p

Ind. 23 (41) 2.76 0.85-8.97 0.092
TT 291 (489) 0.78 0.56-1.09 0.150
BT 59 (85) 0.32 0.14-0.73 0.006
BB/BL 7 (10) 0.25 0.03-2.22 0.250
BT/BB/BL 66 (95) 0.31 0.14-0.67 0.003

a Figures in parentheses are number of controls.
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Table 10. Effect of BCG by type of leprosy®; matched set analysis using multiple logistic
regression.
‘ : 95% Confidence

Leprosy type No. sets' QOdds ratio el p

Ind. 23 (41) 2.74 0.84-8.95 0.095

TT 291 (489) 0.85 0.59-1.22 0.378

BT/BB/BL 66 (95) 0.39 0.17-0.83 0.033

* Adjusted for: a) belonging to a family with known case; b) having an infectious or noninfectious case in the
household; ¢) having an extra-household relative with leprosy; d) being a laborer.

* Figures in parentheses are number of controls.

forms of leprosy (* ' 13- 1), This hypothesis
is also consistent with the reports on “BCG-
induced Leprosy” (*%).

From a public health point of view, lep-
rosy cannot be considered to be simply a
dichotomous phenomenon. A vaccine that
protects against the more serious forms of
leprosy might be recommended even if it
increased the risk for milder transient forms
of the disease. This study also highlights an
important issue related to designing field
trials of vaccines against leprosy. The em-
phasis should be on type-specific protec-
tion, rather than on overall protection. Since
classification of early lesions may be diffi-
cult and since one is ethically obliged to
treat all detected cases promptly, too fre-
quent a follow up of subjects may provide
misleading information on the true impact
of the vaccine (**). Another issue in vaccine
trials relates to the duration of follow up
required to reliably estimate vaccine effi-
cacy. Since multibacillary leprosy may have
generally longer incubation periods than in-
determinate or paucibacillary types (''), a
study that is not continued for a sufficient
length of time may underestimate vaccine
efficacy.

Since there were no cases of lepromatous
leprosy in this series among patients aged
5-24 years, we cannot draw any conclu-
sions on the effect of BCG with respect to
this type of disease. The age at vaccination
of the subjects in our study was not known.
It is extremely unlikely that any of our cases
were vaccinated after the onset of leprosy,
since by 1980 BCG was used exclusively
among newborns and in the under-five clin-
ics. Unfortunately, since they were not
available we could not verify the time of
BCG vaccination with medical records. The
effect of the temporal relationship between
vaccination and exposure to M. leprae to

the degree of protection offered by the vac-
cine needs to be studied further. Convit’s
experiments with the immunotherapy of
cases appear to suggest that immunization
with some M. leprae-derived vaccines may
be useful even after exposure to M. leprae
©7).

A case-control study of the type we per-
formed is more easily done in developing
countries with limited resources than is a
placebo-controlled vaccine trial. Of course,
there are several sources of bias that need
to be considered in interpreting case-control
studies of this type. Most importantly, the
controls should be selected from a popula-
tion having a similar risk of exposure to M.
leprae, of diagnosis of leprosy, and access
to vaccination. In order to obtain unbiased
estimates, it is important that the proba-
bility of selection on the basis of outcome
is independent of the probability of selec-
tion by vaccination status.

We attempted to minimize bias by se-
lecting controls from the same population
as the cases. When we examined the con-
trols and cases stratified by various socio-
economic variables, namely, occupation,
education, education of household head,
type of house, and land ownership, the two
groups were similar in distribution. As we
expected, many of these socioeconomic
variables were correlated with BCG vacci-
nation status. Controls and cases were
matched by age, sex, and geographic area of
residence. The matched analysis reduced or
eliminated bias related to several demo-
graphic and socioeconomic characteristics.
Residual bias, such as the presence of a case
in the household, was adjusted for a mul-
tivariate analysis (Table 10).

Random misclassification could have oc-
curred in exposure ascertainment and in se-
lection of cases and controls. This, however,
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would have the effect of moving the odds
ratios closer to unity (%), thus providing a
lower estimate of risk for indeterminate lep-
rosy and protection against borderline forms.
Finally, had there been self-selection bias
with respect to vaccination, the association
would have been unidirectional for the en-
tire spectrum.

In conclusion, our study found that BCG
offers about 60% protection against border-
line forms of leprosy probably by bringing
about a shift in the immune response to a
higher level of cell-mediated immunity. This
shift appeared to cause an increase in the
risk for milder forms of the disease. From
a public health point of view, BCG should
be recommended for the prevention of lep-
rosy until a better vaccine is available. In
designing field trials to measure the protec-
tive effects of other mycobacterial vaccines
against leprosy, efforts need to be made to
demonstrate type-specific protection against
the various types of leprosy in addition to
overall protection.

SUMMARY

The effect of BCG on the risk of leprosy
was measured using a case-control design in
an area endemic for the disease. In this study,
397 newly diagnosed cases and 669 controls
matched for age, sex and locality were se-
lected from a defined population. Infor-
mation on exposure to BCG, contact with
another case of leprosy, and relevant socio-
economic variables were obtained from the
subjects. Having infectious (multibacillary)
and noninfectious (paucibacillary) contacts
in the household increased the risk of dis-
ease 11.7 times (p < 0.001) and 2.7 times
(p < 0.001), respectively. Overall, the pro-
tection offered by BCG was not significant
(odds ratio = 0.8; p=0.17). However, BCG
appeared to increase the risk for indeter-
minate leprosy (adjusted odds ratio = 2.7,
p = 0.09) while protecting against border-
line disease (adjusted odds ratio = 0.39; p
= 0.03). It is possible that BCG causes a
shift in the overall cell-mediated immune
response, thus increasing the risk for milder
and transient forms of leprosy while pro-
tecting against more serious forms. These
findings may have important implications
for the design and interpretation of vaccine
trials. Namely, trials should be designed to
measure the protective efficacy of vaccines
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against the more serious forms of leprosy,
which have the greatest public health sig-
nificance.

RESUMEN

Usando un programa disenado para el control de
casos en un area endémica de lepra, se midio el efecto
del BCG sobre el riesgo de desarrollar la enfermedad.

Para el estudio, se seleccionaron 397 casos recién diag-
nosticados y 669 individuos control similares en cuan-
to a edad, sexo y localidad. De los participantes se
obtuvo informacion sobre exposicion al BCG, contacto
con otros casos de lepra, y aspectos socioecondomicos
relevantes. Los resultados senalaron que el tener con-
tactos infecciosos (multibacilares) y no infecciosos
(paucibacilares) dentro de los convivientes, aumentd
el riesgo de la enfermedad 11.7 veces (p = 0.001) y 2.7
veces (p = 0.001), respectivamente. Aunque en lo gene-
ral, la protecciéon conferida por el BCG no fue signi-
ficativa (relacion entre grupos = 0.8; p = 0.17), el BCG
parecio incrementar el riesgo para lepra indeterminada
(relacion = 2.7; p = 0.09) al mismo tiempo que parecio
proteger contra formas intermedias de la enfermedad
(relacion = 0.39; p = 0.03). Es posible que el BCG
cause un cambio en la respuesta inmune celular gene-
ral, aumentando el riesgo para las formas leves y tran-
sitorias de la lepra y protegiendo contra las formas mas
severas. Estos hallazgos pueden tener importantes im-
plicaciones en ¢l disefio y en la interpretacion de los
resultados de los programas de vacunacion; esto es, los
ensayos de campo deben disefiarse para medir la efi-
cacia protectora de las vacunas contra las formas se-
veras de la lepra, las de mayor importancia en salud
publica.

RESUME

L’influence du BCG sur le risque de lépre a été me-
suré par une étude de type cas-témoin dans une région
endémique pour la maladie. Dans cette étude, 397 cas
nouvellement diagnostiqués et 669 témoins appariés
pour I'age, le sexe et la localité ont été sélectionnés a
partir d'une population définie. Des informations sur
I’exposition au BCG, un contact avec un autre cas de
Iepre, et des variables socio-économiques pertinentes
ont été récoltées chez ces personnes. Le contact do-
miciliaire avec un malade infectieux (multibacillaire)
ou non-infectieux (paucibacillaire) augmentait le risque
de maladie respectivement de 11.7 fois (p < 0.001) et
2.7 fois (p < 0.001). Dans I’ensemble, la protection
offerte par le BCG n’¢tait pas significative (odds ratio
=0.8; p =0.17). Cependant, le BCG semblait accroitre
le risque pour la Iépre indéterminée (odds ratio ajusté
= 2.7; p = 0.09), mais protégeait contre la forme bor-
derline de la maladie (odds ratio ajusté = 0.39; p =
0.03). 11 est possible que le BCG provoque une mod-
ification dans la réponse immunitaire de type cellu-
laire, augmentant donc le risque pour une forme plus
bénigne et transitoire de 1épre, mais protégeant contre
les formes plus sévéres. Ces observations peuvent avoir
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des implications importantes pour la conception et I'in-
terprétation de’essais de vaccination. Plus précisé-
ment, des essais devraient étre congus pour mesurer
I’efficacité protectrice des vaccins contre les formes plus
séveres de la lépre, qui ont la plus grande signification
du point de vue de la santé publique.
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