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Whereas BCG vaccine is given primarily
to prevent tuberculosis, several prospective
trials have revealed its protective efficacy
against leprosy with a degree of protection
varying from 20% to 80% ( 8 ). A recent additional trial performed in northern Malawi
estimated this efficacy at about 50% 17 ). In
these trials, nonlepromatous types of leprosy constituted the large majority of incident cases (93% in the Malawi study) and
definitive conclusions concerning the protective effect of BCG against multibacillary
(MB) leprosy were difficult to draw ( 7 ). During the last few years, the efficacy of BCG
also was studied by several case-control
studies (reviewed in Table 1) which provided consistent results with the prospective
trials when considering all forms of leprosy
(leprosy per se). A significant protective effect of BCG against leprosy per se, varying
from 41% to 81%, was shown in northern
Malawi ("), Brazil ( 20 ), Venezuela ( 6 ), and
southern Malawi ( 2 ). This effect was estimated at 48% in Vietnam (') and 20% in a
large study in India 14 ), although not statistically significant. More conflicting results were reported when subtypes of leprosy were considered. In the two South
American studies ( 6 ' 2 the protection was
found to be greater among MB patients (defined as LL, BL, BB, and also, for the Bra(
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zilian study, lepromin-negative indeterminate cases) than among paucibacillary (PB)
patients. Conversely, in Vietnam ('), the
protective effect was near zero for lepromatous leprosy (defined as LL and BL cases)
whereas it was significant for nonlepromatous leprosy. In southern Malawi (") the
effect of BCG for MB leprosy (also defined
as BL and LL) was found not significant,
although estimated at 50%. In the Indian
study 14 ), where there were no LL cases and
very few BL cases, a significant protective
effect was found for borderline leprosy (defined as BL, BB, BT cases).
The aim of the present case-control study
is to evaluate in southern Vietnam the variability of BCG efficacy according to leprosy
clinical forms in a larger sample than our
previous study (').
(

METI IODS
-

Study area. The study was conducted in
Ho Chi Minh City, located in the south of
Vietnam and representing a population of
more than 4.4 million people. Leprosy control is the direct responsibility of administrative authorities at all levels, and the dermatology hospital is the center for the care
of leprosy patients in the city area. Leprosy
diagnosis, treatment and surveillance arc
done in accordance with the "Guide to Leprosy Control" by the World Health Organization (WHO). With the introduction of
multidrug therapy (MDT), the prevalence
had dropped in 1992 to just 0.2/1000 with
an annual incidence rate of 6/100,000. Voluntary reporting of new patients was the
most common mode of detection.
BCG vaccine was first introduced into the
south of Vietnam in 1954 with mass vaccination campaigns that concentrated on
both children 1-5 years old and children of
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TABLE 1. Review of the case-control studies assessing the protective effect of BCG in
leprosy.
No.
cases

BCG efficacy
against leprosy
per se

188

41% (I 1%-61%)

Abel, et a!. ( 1 )

Northern
Malawi
Vietnam

Muliyil, el al. ('°)

India

397

Rodrigues, et al. ( 2 1

Brazil

62

Convit, et al. ( 6 )

Venezuela

90

Baker, et a!. ( 2 )

Southern
Malawi

145

Place

Reference
Fine, et a!. (")

50

Subtypes considered
(Definition) and
no. cases

BCG efficacy
in subtypes

None (MB) 9

Efficacy near 0 for MB;
at 80% (13%-96%)
for PB
Efficacy of 61% (17%(BT/BB/BL) 66
20% (NS)
83%) in BT/BB/BL;
(TT) 291
15% (NS) in TT; in(Ind.) 23
creased risk for Ind.
81% (63%-90%) MB (LL/BUBB/lepro- Higher proportion of
BCG scars among PB
min negative Ind.) 37
than among MB paPB (remainder) 25
tients
Greater efficacy for MB
56% (27%-74%) MB (LL/BL/BB) 22
than for PB
PB (remainder) 68
Efficacy of 50% (NS)
64% (42%-77%) MB (LL/BL) 25
for MB; 73% (54%PB (BT/TT) 113
85%) for PB

48% (NS)°

MB (BL/LL) 34
PB (remainder) 16

(NS) = not significant.

the first-year class in primary schools (6-8
years old). Since 1964, newborns have been
included in the official target population.
According to available records, the vaccination program used Saigon Pasteur Institute liquid BCG and freeze-dried Canadian
and Japanese BCG. However, it was not
possible to assess the respective proportions
of the BCG preparations that were actually
used. The recommended intradermal dose
was 0.1 ml in the left deltoid region. In 1972,
vaccination coverages were 70% for children of the first-year class in public primary
schools and 46% for newborns at public and
private maternity hospitals. From 1986 to
1991, 83°k of newborns in Ho Chi Minh
City were vaccinated.
Study population. Cases were randomly
collected from the file of leprosy patients
under surveillance at the dermatology hospital of Ho Chi Minh City. Only patients
younger than 25 years old were retained,
because vaccination has been common only
since 1964. A total of 177 cases were selected. They were subjected to a clinical and
skin-smear examination and classified by
experienced physicians using the Ridley and
Jopling ( 18 ) classification into tuberculoid
(TT), borderline tuberculoid (BT), borderline (BB), borderline lepromatous (BL), and
lepromatous (LL) leprosy.

Two controls were matched with each case
for age (± 1 year), sex, ethnic group (Vietnamese/Chinese), socioeconomic status
(three levels), and district area. Cases and
controls were visited at their homes by a
team consisting of a specialized physician,
an auxiliary physician, and a community
health worker to obtain the necessary information. Exposure to BCG was evaluated
by looking for the typical scar over the deltoid region. BCG scars were read by three
independent investigators who were blind
to the study aim but not to the case or control status. Controls were examined to rule
out any clinical evidence for leprosy.
Data were analyzed using the classical
statistical methods developed for matched
data with dichotomous exposures ( 3 ). The
odds ratio (OR) and 95% confidence intervals (CI) were calculated to assess the protective effect of BCG against leprosy. Vaccine efficacy was computed as 1 minus the
estimated relative risk ( 22 ); in a relatively
rare disease, such as leprosy, the OR provides a good estimate of the relative risk.
RESULTS

The distribution of leprosy cases by gender and leprosy subtype is shown in Table
2. As noted in other studies, the proportion
of males was higher among the cases (72%)
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TABLE 2. Distribution of leprosy cases by^TABLE 3. Distribution of cases and congender and leprosy subtype.^trols by age.
Gender
Male
Female
Male +
female

Leprosy subtype
TT

BT

BB

BL

LL Ind. Total

27
II

13
10

42
9

26
10

17
5

3
4

128
49

38

23

51

36

22

7

177

but there was no significant difference in the
distribution of leprosy subtype by gender
= 8.7, p > 0.1). The distribution of
cases and controls according to age is shown
in Table 3. The global proportion of positive I3CG scars was 61% and 66.7% among
cases and controls, respectively.
The results concerning the protective effect of BCG in different leprosy forms are
presented in Table 4. When all forms of
leprosy were pooled together (leprosy per
se), the protective effect (estimated at 29%)
was not significant (x 2 ,,„ = 2, p = 0.16). In
nonlepromatous patients (defined as 13B/BT/
TT cases) the protective effect increased to
42%, but was still not significant (x 2 i ,„ =
3.2, p = 0.08). Since different results on the
protective effect of I3CG according to the
leprosy form considered have been reported, the results for each of the leprosy subtypes are also presented in Table 4. In the
three unstable borderline forms of the disease there was a trend in favor of a protective effect of BCG; this trend did not appear
in the two polar forms TT and LL. Furthermore, when all borderline forms were
pooled together, the protective effect of BCG
was significant (x 2 , d ,- = 5.6, p < 0.02) and
estimated at 52% (95% CI = 16%-73%).
Among borderline patients, no significant
heterogeneity of the BCG effect was found
according to sex, ethnic group, age, or socioeconomic level (Table 5). However, it
was interesting to note that the protective
effect of BCG did not appear in the agegroup 5-10 years; none of these young patients had indeterminate leprosy. It is possible that some patients with early onset had
been vaccinated after their infection with
Mycobacterium leprae (during primary
school), but there were not enough cases
younger than 10 years old to assess this hypothesis.

Age group
(Yrs)

5-10
11-15
16-20
21-25

Cases^Controls

14
44
70
49

24
94
151
85

DISCUSSION
The results of this study confirm the important variability in the protection offered
by 13CG with respect to the different types
of leprosy, and indicate that assessing the
protective effect of BCG using common
classification, such as paucibacillary versus
multibacillary or nonlepromatous versus
lepromatous leprosy, could be inappropriate. The odds ratio assessing the protective
effect of BCG varies from 0.44 (95% CI =
0.19— 1.03) in the BB subtype to 3.00 (0.2437.5) in indeterminate leprosy; its overall
value was 0.71 (0.45-1.10) for leprosy per
se. When all borderline leprosy types were
pooled, the protective effect of I3CG was
found significant with an odds ratio of 0.48
(0.27-0.84). In the polar forms of leprosy,
TT and LL, the odds ratio was greater than
1 with large confidence intervals. BCG was
already shown to provide a higher protection for borderline leprosy than for tuberculoid and indeterminate leprosy in India
( 14 ) and in New Guinea ( 21 ). The odds ratios
obtained in the Indian study for indeterminate, tuberculoid, and borderline forms
of leprosy were close to our results with values of 2.74 (0.84-8.95), 0.85 (0.59-1.22),
and 0.39 (0.17-0.83), respectively; there was
no case of lepromatous leprosy in this study
and no conclusion could be drawn with respect to this subtype. Moreover, an increased number of tuberculoid leprosy cases
after BCG vaccination also has been described ( 23 ). As suggested by Muliyil, et al.
( 14 ), it is quite possible that one single intradermal injection of BCG could induce a
boosting effect causing a shift in the immune
response, and could reveal clinical immunopathological reactions in patients infected before the vaccination. Consequently,
transient forms of leprosy, such as indeterminate forms, or subclinical forms of TT
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TABLE 4. Effect of BCG according to different leprosy phenotypes.
No. sets

% Cases with
BCG scars

ORa (95% CI)

p Value

Leprosy per se

177

61.0%

0.71 (0.45-1.10)

0.16

Nonlepromatous (BB/BT/TT)
Lepromatous (BL/LL)
Ind.
TT
BT
BB
BL
LL

112
58
7

58.9%
65.5%
57.1%

0.58 (0.33-1.03)
0.90 (0.42-2.94)
3.00 (0.24-37.5)

0.08
0.95
0.84

38

51
36
22

71.0%
56.5%
51.0%
66.7%
63.6%

1.10 (0.37-1.22)
0.46 (0.15-1.38)
0.44 (0.19-1.03)
0.58 (0.20-1.68)
1.37 (0.44-4.33)

0.93
0.30
0.08
0.52
0.78

Borderline (BT/BB/BL)

110

57.3%

0.48 (0.27-0.84)

0.02

Leprosy pheno ype

23

OR = odds ratio.

would be at higher risk after vaccination.
Such a boosting effect with BCG vaccination has been observed in deer naturally or
experimentally infected with mycobacteria
(12 ,). It would be important to know with
accuracy the time of clinical diagnosis according to the time of vaccination, since
increased risk to develop reactive forms
could occur soon after the boosting effect
produced by the BCG vaccination.
Two recent studies did conclude that BCG
was able to give protection in MB leprosy
( 6,17 ). However, in the latter there were only
9 MB cases, and in the former MB cases
grouped BB, BL, and LL patients (Table 1).
Such a difference with our results could be
associated with geographical variations in
the immune spectrum of leprosy ("). The
variability in the antigenic composition of

the BCG preparations used in the present
study does not appear to be a relevant factor
to explain these discrepant results since a
recent meta-analysis on the efficacy of BCG
vaccine in tuberculosis showed that different BCG preparations and strains used in
the same population gave similar levels of
protection ( 4 ). Another hypothesis to account for this difference is the heterogeneity
in the definition of the MB form with the
pooling of unstable forms (borderline and
unstable LL patients) with stable LL forms.
The presence of unstable LL forms was
demonstrated, for instance, in immunotherapy studies done with a mixture of killed
M. leprae and BCG that reported lepromin
conversions in two thirds of the Mitsudanegative LL patients ( 5 ). A similar approach
has been performed in an ongoing family

TABLE 5. Effect of BCG in borderline patients (110 sets) hi' sex, ethnic group, age (pooled
in two groups) and socioeconomic level (pooled in two groups).
No. sets

% Cases with
BCG scars

Males
Females

82
28

57.3%
57.1%

0.47 (0.23-0.95)
0.50 (0.19-1.29)

Vietnamese
Chinese

87
23

Ethnic group
56.3%
60.8%

0.46 (0.24-0.89)
0.54 (0.17-1.69)

5-10 years
> 10 years

I^l
99

Age group
63.6%
56.6%

1.25 (0.28-5.62)
0.41 (0.22-0.77)

Low
Intermediate/high

26
84

Socioeconomic level
0.42 (0.15-1.16)
46.1%
60.7%
0.51 (0.26-1.02)

ORa (95% CI)

Sex

a OR = odds ratio.

p Value for
heterogeneity
0.93

0.75

0.19

0.60
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study in Vietnam, where about one half of
Mitsuda-negative LL patients did convert
after one single injection of BCG (manuscript in preparation). It is thus quite possible that a) there is a great variation in the
proportion of stable LL forms in different
populations, and b) BCG can protect against
unstable LL forms as against other unstable
borderline forms; whereas it has no effect
in stable LL leprosy. Under this hypothesis,
the higher proportion of stable LL forms in
Vietnam compared to South America or Africa can explain the absence of protection
offered by the BCG vaccination in Vietnamese patients classified as lepromatous. Analogous experimental results have been reported already with armadillos vaccinated
by BCG ("). In this study, BCG was able
to convert the lepromin skin test in only 2
of 9 Florida armadillos, and a mixture of
M. leprae and BCG did not give any better
statistically significant results. Our study and
others ( 14 ) confirm that leprosy cannot be
considered as a simple dichotomous disease. According to the complex immune
spectrum of leprosy, recommendations for
strategies to control leprosy and future vaccine trials must evaluate separately these
various immunoregulated disease subtypes.
Case-control studies appear as a cheap
and useful tool to evaluate the efficacy of
BCG in leprosy. The choice of controls in
this kind of study has been discussed recently (15' 16. 19 ). In particular, it was stressed
by Nishioka and Goulart ( 16 ) that the controls chosen in the Indian ( 14 ) and the Brazilian ( 2 ") studies might have had a lesser
chance of developing leprosy than the cases,
since cases were more likely to have had a
household contact; the same can apply to
the present study. However, as noted by
Muliyil, et al. ( 14 ), a higher risk of infection
due to household contacts can be a confounding factor only if it is also associated
with BCG vaccination. In this type of study,
it is certainly more important to choose controls with an opportunity to get BCG vaccination close to cases, rather than controls
with an amount of exposure to M. leprae
close to cases. In the present study the choice
of matching controls for age, sex, ethnic
group, socioeconomic status and district area
was based on this principle.
Random misclassification could have occurred in the selection of cases and controls
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and in exposure ascertainment. In particular, misdiagnosis of indeterminate leprosy
is possible without a skin biopsy, and exposure misclassification could be due to the
failure to develop a recognizable scar for
certain subjects vaccinated at birth ( 10 ).
However, these phenomena would have the
effect of moving the odds ratio closer to
unity and, consequently, to underestimate
the true effect of BCG. Furthermore, it was
found in Ho Chi Minh City that the proportion of individuals vaccinated at birth
who failed to present a scar was less than
5%, and, if this were the case, new vaccination was recommended for them.
In conclusion, our study finding that BCG
offers about 52% of protection against borderline forms of leprosy in Vietnam supports the results of Muliyil, et al. ( 14 ) and
the hypothesis that BCG can bring about a
shift in the immune response to a higher
level of cell-mediated immunity. However,
when BCG vaccination is given after primary infection with M. leprae, this shift
could be the cause of an increase in the risk
of the occurrence of milder forms of the
disease. When BCG efficacy was evaluated
in other types of leprosy, no protective effect
was found in polar forms of the disease. In
TT patients BCG might reinforce the preexisting subclinical immunopathological reactions, and in stable LL patients BCG might
be unable to induce any protective form of
immunity. Mass vaccination, such as the
extended program of immunization that includes the BCG vaccine, would have varying effects within different geographic areas
according to the relative proportion of stable or unstable BCG nonresponder individuals.
SUMMARY
A case-control study was conducted to
assess the protective effect of intradermal
BCG against leprosy and its subtypes in
southern Vietnam. A total of 177 cases were
selected with a distribution by subtypes as
follows: 38 TT, 23 BT, 51 BB, 36 BL, 22
LL, and 7 indeterminate. Two controls were
matched with a case for age, sex, ethnic
group, socioeconomic status, and district
area. The odds ratio assessing the protective
effect of BCG varied from 0.44 (0.19-1.03)
in the BB subtype to 3.00 (0.24-37.5) in
indeterminate leprosy; whereas its overall
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value was 0.71 (0.45-1.10) for leprosy per
se. When all borderline leprosy types were
pooled, the protective effect of BCG was
found significant with an odds ratio of 0.48
(0.27-0.84). In the polar forms of leprosy,
TT and LL, the odds ratio was > 1 with
large confidence intervals. It is possible that
BCG induces a shift in the immune response to a higher level of cell-mediated
immunity. When BCG vaccination is given
after primary infection with Mycobacterium
leprae, this shift could be the cause of an
increase in the risk of the occurrence of
milder and transient forms of the disease.
In TT forms BCG might reinforce the preexisting subclinical immunopathological reactions, and in stable LL forms BCG might
be unable to induce any protective form of
immunity. These results confirm the important variability in the protection offered
by 13CG with respect to the different types
of leprosy, and may have important implications for the design and the interpretation
of vaccine trials that should take into account the respective proportions of leprosy
forms observed in the study region.
RESUMEN
Sc realizO un estudio con control de casos para establecer el efecto protector del BCG intradermico contra la lepra y sus subtipos en Vietnam del Sur. Sc seleccionaron 177 casos de los subtipos TT (38), 13T (23),
BB (51), Bt. (36), LL (22), e indeterminado (7). Cada
caso se empatO con dos controles en cuanto a edad,
sexo, grupo etnico, estatus socioeconOmico, y area de
residencia. La probabilidad de un efecto protector del
BCG variO de 0.44 (0.19-1.03) en el subtipo BB a 3.0
(0.24-37.5) en Ia lepra indeterminada, mientras que
su valor global fue de 0.71 (0.45-1.10) para la lepra
per se. Cuando se consideraron en conjunto todos los
casos de lepra intermedia, se observO que el efecto
protector del BCG tuvo una probabilidad de 0.48 (0.270.84). En las formas polares de Ia lepra, TT and LL,
la probabilidad fue mayor de 1.0, con grandes intervalos de confianza. Es posible que el BCG induzca un
cambio en la respuesta inmune hacia un mayor nivel
de inmunidad celular. Cuando la vacuna de BCG se
administra despues de la infecciOn primaria con Mycobacterium leprae, este cambio podria ser causa de
aumento en Ia frecuencia de apariciOn de las formas
moderadas y transitorias de la enfermedad. En la lepra
TT, cl BCG podria contribuir a la manifestaciOn de las
reacciones lepromatosas subclinicas preexistentes,
mientras que en Ia LL estable, el BCG seria incapaz
de inducir alguna forma de inmunidada protectora.
Estos resultados confirman la importante variabilidad
en la protecciOn conferida por el BCG con respecto a

las diferentes formas de la lepra, y puedan tener implicaciones importantes en el diseno de vacunas y en
la interpretaciOn de los resultados de los programas de
vacunaciOn ya que êstos debcn tomar en cuenta la
proporciOn de casos con las distintas formas de lepra
en Ia region estudiada.
RESUME
Une etude cas-temoins a etc realisee afin d'evaleur
Pellet protecteur du BCG intradermique vis-a-vis de
Ia lepre et de ses sous-types dans Ic Sud du Vietnam.
Un total de 17 cas a etc selectionne, avec la distribution
par sous-types suivante: 38 TT, 23 BT, 51 BB, 36 BL,
22 LL, et 7 indeterminês. Deux temoins ont Cie apparies pour chaquc cas pour l'âge, le scxc, Ic groups
ethnique, Ic statut socio-economique et le district.
L'odds ratio evaluant l'elfet protecteur du BCG variait
de 0.44 (0.19-1.03) pour le sous-type BB a 3.00 (0.2437.5) pour la lepre indeterminee; alors que sa valour
globale etait de 0.71 (0.45-1.10) pour la lepre comme
tellc. Quand tous les types de lepre borderline furent
mis ensemble, I'effet protecteur du BCG fut trouve
significatifavec un odds ratio de 0.48 (0.27-0.84). Pour
les formes polaires de la lepre, TT et LL, l'odds ratio
etait superieur a I avec de larges limites de confiance.
II est possible que le BCG induise un glissement dans
la reponse immunitaire vers un taux plus (ley& d'immunite A mediation ceilulaire. Quand Ic vaccin BCG
est administre apres une infection primaire par le Mycobacterium leprae, cc glissement pourrait etre la cause
d'une augmentation du risqe de developper des formes
plus benignes et transitoires de la maladie. Dans les
formes TT, le BCG pourrait renforcer les reactions
immunopathologiques subcliniques pre-existantes, et
dans les formes LL stables, Ic BCG pourrait etre incapable de produire une quelconque forme d'immunite
protectrice. Ces resultats confirment la variabilite importante de protection offerte par le BCG par rapport
aux differents types de lepre, et peuvent avoir des implications importantes pour la conception et l'interpretation des essais de vaccination qui devraient prendre en compte les proportions respectives des types
de lepre observes dans la region d'êtude.
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