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Reports on vaccines based on Mycobac-
terium leprae and cultivable mycobacteria
have been promising and have raised hopes
for the primary prevention of leprosy. Con-
vit, et al. demonstrated probable prophy-
lactic efficacy of a combination vaccine of
I3CG and killed Al. leprae ( 3). In a recent
publication, based on preliminary results
during the first 5 years of follow up in the
Venezuelan vaccine trial, Convit, et al. ob-
served that there was no evidence that BCG
plus M. leprae offered substantially better
protection against leprosy than I3CG alone
( 4). In the same study, based on a retro-
spective case-control analysis as well as pro-
spective data, Convit, et al. found that BCG
by itself offered substantial protection
against leprosy, which could explain the ap-
parent lack of additional protection by the
combination vaccine. In India, in a large
BCG prophylaxis trial against tuberculosis
and leprosy, it was seen that BCG offered
an overall protection of about 24% against
leprosy. Hence, search for a better vaccine
for the prevention of leprosy continues (").

A comparative leprosy vaccine trial using
available candidate vaccines, e.g., ICRC,
Mycobacterium w, and BCG plus killed M.
leprae, was proposed with a view to find a
primary preventive intervention that could
be useful in leprosy eradication efforts. The
Drugs Controller of India had cleared the
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ICRC and Mycobacterium w vaccines for
large-scale trials. Before considering 13CG
plus killed II. leprae vaccine for use in a
large-scale trial in India, it was felt necessary
to examine its acceptability in the Indian
population and also its potential use as a
prophylactic vaccine in terms of its sensi-
tizing effect. The protocol for this study was
ethically cleared and permission from the
Drugs Controller of India was obtained to
undertake the study. The study was con-
ducted from August 1989 to January 1990
in two villages in the Thiruthani taluk of
Chingleput District, Tamil Nadu, India.

MATERIALS AND METHODS
Vaccines and immunologicals

The following vaccine/control prepara-
tions and immunologicals were used in this
study:

Vaccine preparations.
I = BCG 0.1 mg + 6 x 10 8 killed M.

leprae (Lot IV) per dose.
II = BCG 0.1 mg + 5 x 10 7 killed Al.

leprae (Lot IV) per dose.
III = BCG 0.1 mg + 5 x 10" killed J11.

leprae (Lot IV) per dose.
IV = BCG 0.1 mg (Batch 308, June 1989,

viability count of 6.6 x 10" per ml) per dose.
Control preparation.
V = Normal saline (sodium chloride in-

jection, I.P. 0.9% w/v).
Immunologicals. 1) Rees' H. leprae sol-

uble skin-test antigen, 1 tg protein/dose (Lot
Wel-4-EF1) and 2) lepromin-A, 30-40 mil-
lion bacilli/m1 (Lot J 15-4, 21-7-88).

Freeze-dried BCG vaccine was supplied
by the BCG Vaccine Laboratory, Madras,
India. Suspensions of vaccine-grade, ar-
madillo-derived, killed M. leprae, in three
different concentrations, as well as Rees' M.
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TABLE 1. Study population in the live vaccine anus according to age and BCG scar
status.

Age group Or)

Vaccine.' 1-6 7-12 13-70 Total

Scar+ Scar- Scar t Scar- Scar+ Scar— Scar+ Scar-

18 32 3 47 40 60 61 139
20 30 4 46 40 60 64 136
18 32 4 46 40 60 62 138

IV 17 31 5 45 39 61 61 137
V 17 32 6 44 40 60 63 136

Total 90 157 228 199 301 311 686

I = BCG 0.1 mg + 6 x 10' killed .1/. leprae: II = BCG 0.1 mg + 5 x 10 . killed .1/. leprae'; Ill = BCG 0.1
mg + 5 x 10' killed M. leprae; IV = 13CG 0.1 mg; V = normal saline.

leprac soluble skin-test antigen (MLSA) and
lepromin-A were supplied by the 1MM LEP
Program of the World Health Organization.
The killed M. leprae suspensions were re-
ceived frozen, and were kept in the same
condition until their final use. Normal sa-
line was procured locally.

To obtain the combination vaccines, 2
mg of freeze-dried BCG was reconstituted
by adding 2 ml of each of the three doses
of killed M. leprac suspension. Similarly, 2
mg of freeze-dried BCG was reconstituted
by adding 2 ml of normal saline to obtain
the BCG vaccine. Reconstitution was done
just before vaccination. Care was taken to
avoid direct sunshine while reconstituting
the vaccines, as well as at the time of vac-
cination. The vaccines were kept cool in ice
boxes, and were used within 6 hr from the
time of reconstitution.

Due to the methods necessary for recon-
stitution of the vaccines, it was not possible
to keep the study completely double blind.
However, each of the five "vaccines" were
given two different codes and the final prep-
arations were kept in identical-looking, am-
ber-colored ampoules. Thus, at the time of
the actual administration of the vaccines,
there were similar-looking, amber-colored
ampoules having 10 different code num-
bers. The key to the codes was available
only with the statistics section of the unit.

Study population
We recruited 50, 50, and 100 individuals

in the age groups 1-6, 7-12, and 13-70
years, respectively, for each of the five dif-
ferent study arms. Leprosy patients and sus-
pected leprosy cases, tuberculosis patients,

obviously ill and infirm individuals, preg-
nant and lactating women were not included
in the study. A total of 3560 individuals
were enumerated in the two villages and
2379 were examined by paramedical work-
ers for the presence of a BCG scar and for
leprosy manifestations. This area is endem-
ic for leprosy and also known to have a high
level of nonspecific sensitization ( 2 ').

As per the design of the study, attempts
were made to include 40% of the study pop-
ulation with BCG scars in each of the three
age groups. However, in the age group 7-
12 years, individuals with BCG scars were
very few in number and only about 9% with
BCG scars could be recruited. Of individ-
uals free from leprosy manifestations and
with the desired proportion with BCG scars,
1175 were examined by a medical officer
for eligibility, 1033 were found to be fit for
vaccination, and 997 were actually recruit-
ed for the study. The distribution of the
study subjects by age and BCG scar status,
separately for the five arms of the trial, is
given in Table 1. Recruitment into the study
was done by individual randomization from
each of the six strata by age group and BCG
scar status. Out of the 997 individuals re-
cruited, 49% were males and 51% were fe-
males.

Intake and follow-up procedures
Recruitment of the eligible individuals for

the study was completed over 15 days. Writ-
ten consent was obtained from volunteers
(parent, in case of children) on a form print-
ed in the vernacular, in the presence of a
witness, a responsible person from the vil-
lage. The study subjects received 0.1 ml of
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one of the five "vaccine" preparations by
random allocation intradermally on the left
shoulder at a single site. At the same time,
they were tested with 0.1 ml of Rees' MLSA
and lepromin-A on the upper third dorsum
of the left forearm and midvolar part of the
right forearm, respectively. The transverse
diameter of indurations, in millimeters, to
Rees' MLSA and lepromin-A were mea-
sured at 48 hr and, for absentees, at 72 hr.
(The reader was kept "blind" about the code
of the vaccine received by the study sub-
jects.) These reactions were also graded ac-
cording to the density of indurations ( 7 ).
Grade I indurations are the most dense, with
raised, sharply demarcated, perceptible and
palpable borders. Grade IV indurations are
the least-dense swellings, not perceptible vi-
sually but palpable on light touch. Grades
II and III indurations have consistency in
between that for Grades I and IV. The size
of the leprom in-A late reactions was mea-
sured at the end of 3 weeks. The size and
character of the local response at the vac-
cination site were recorded at 3, 8, 12, 15,
and 27 weeks. The character of the vacci-
nation lesion was recorded as: nodule (N),
pustule (P), ulcer (U), pustule with crust (C),
dry crust (D), scar partly covered with crust
(Q), or completely healed scar (S).

Twelve weeks after intake all of the in-
dividuals were retested with Rees' MLSA
and lepromin-A on the mid-dorsal aspect
of the right forearm and midvolar aspect of
the left forearm, respectively. The postvac-
cination reactions to Rees' MLSA was read
at 48 hr and that to lepromin-A ai 48 hr
and at 3 weeks.

Throughout the period of the study, a
medical officer accompanied the field teams.
In addition, he visited the villages every
week. Individuals reporting any vaccina-
tion-related complaints were examined by
him, and the findings recorded.

Statistical analysis
The paired t test was used to test for the

significance of mean increases in reaction
size. The chi-squared test was employed for
comparing proportions. A t test (if permis-
sible) or the Mann-Whitney U test was em-
ployed to compare two means. For com-
paring more than two means, the F test (if

permissible) or the Kruskal-Wallis test was
used.

RESULTS
Local response at vaccination site. In-

formation on the character of the local re-
sponse at the vaccination site for the dif-
ferent vaccine preparations, separately for
the three age groups, is given in Table 2.
The evolution oflocal lesions following vac-
cination with vaccines II, III and IV was
similar (p > 0.7). By the eighth week, nearly
50% of these lesions were almost healed (D,
Q or S categories). In comparison, lesions
following vaccination with vaccine I took a
longer time to heal, only 28% of the lesions
showing signs of healing by the eighth week
(p < 0.01). However, by week 15 more than
90% of the lesions had healed in all the four
vaccine arms. Lesions at the vaccination
sites evolved slower in individuals in the
age group 1-6 years. In this age group, for
vaccines Ito IV, 21.7%, 28.3%, 38.3% and
43.2% individuals, respectively, had either
no lesion (0) or only a nodule (N) at the
third week as compared to 1.1%, 3.3%, 4.5%
and 8.5% individuals in the age group 13-
70 years (p < 0.01). The evolution of the
vaccination lesions was similar (p > 0.1) in
the BCG scar-positive and -negative groups.

Table 3 gives the mean size of the vac-
cination lesion at weeks 3 to 15. The mean
size of the vaccination lesion increased with
age (p < 0.01). In each age group, it was the
highest among persons receiving vaccine I
(p < 0.01). It was seen that the mean size
of the vaccination lesion was associated with
the dose of the vaccine. However, for vac-
cines II, III and IV the differences in the
mean sizes of vaccination lesions were small
and not statistically significant (p > 0.1).
Considering the age group 1-70 years, the
mean sizes of vaccination lesions at week
15 were 11.3, 9.3, 9.2, and 8.2 mm for vac-
cines I, II, III and IV, respectively. The mean
sizes of the vaccination lesions in the BCG
scar-positive and BCG scar-negative indi-
viduals did not differ significantly in any of
the vaccine groups (p > 0.05). Local re-
sponses at the vaccination sites were again
examined at week 27. There were no per-
sistent ulcers in any of the vaccine groups,
and the only lesion at week 27 was a com-
pletely healed scar. Of the 712 vaccinated
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TABLE 2. Distribution of persons by character of local response at vaccination site.

For description of vaccine, refer to Table 1.
'' 0 = No response; N = nodule; P = pustule; U = ulcer; C = pustule with crust; D = dry crust; Q = dry crust

with scar; S = healed scar.

individuals examined, 701 (98.5%) exhibit-
ed a scar due to vaccination.

Rees' MLSA and lepromin-A early re-
actions at intake. The results of testing with
Rees' MLSA and lepromin-A are presented
in Tables 4 and 5, respectively. The patterns
of results for the two tests were similar. The
mean sizes of reactions to both Rees' MLSA
and lepromin-A increased with age (p <
0.01). They were generally similar in both
BCG scar-positive and -negative groups (p
> 0.05). The mean sizes of reactions to both
Rees' MLSA and lepromin-A were similar
(p > 0.2) in all the five "vaccine" groups,
although a tendency for the mean size to be
slightly higher in the normal saline group as
compared to that in the groups receiving
vaccine was observed.

Considering reactions of 8 mm and above
as positive to Rees' MLSA, based on the
antimode of the distribution of reactions,
59.1%, 81.8% and 94.3% of the individuals
in the normal saline group were positive to
the test in the age groups 1-6, 7-12 and
13-7 0 years, respectively. The distributions
of reactions to lepromin-A did not show
bimodality. However, considering reactions

of 8 mm and above as positive, 50.0%,
79.5% and 98.6% of the individuals in the
normal saline group were positive to the test
in the age groups 1-6, 7-12 and 13-70
years, respectively.

Lepromin-A late reactions at intake. The
mean size of late reactions to lepromin-A
(Table 6) at intake increased with age (p <
0.01). Generally, individuals with BCG scars
had a larger mean reaction size than those
without BCG scars, but these differences
were not statistically significant (p > 0.05).
The mean size of reactions were the largest
in individuals receiving vaccine I when
compared with any other vaccine group (p
< 0.01). They were similar in individuals
receiving vaccines II, III and IV (p > 0.7).
In individuals receiving normal saline, the
mean size of reactions was significantly
smaller when compared with that in any
other group (p < 0.01). Considering the
conventional definition of taking 2+ and
3+ reactions as strongly positive ( 23), 94.0%,
89.4%, 91.5%, 87.3%, and 74.8% of indi-
viduals receiving vaccines I, II, III, IV and
V, respectively, were strongly positive. In
the normal saline group, 39.5%, 71.4% and
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TABLE 3. Mean size (111111) of vaccination lesion according to vaccine and age.
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98.6% of the individuals were strongly pos-
itive in the age group 1-6, 7-12 and 13-
70 years, respectively.

Postvaccination reactions to Rees' MLSA
and lepromin-A (early). Tables 4 and 5 pro-
vide information on the results of postvac-
cination testing with Rees' MLSA and lep-
romin-A, respectively. The patterns of the
results for the two tests were very similar.
It was seen that the mean size of reaction
to the postvaccination test was larger than
that to the intake test for all the five vaccine
groups. The mean increase in reaction size
was statistically significant (p < 0.01) in each
of the three age groups, for all of the vaccine
groups, except for Rees' MLSA in vaccine
group V. Vaccine I produced the maximum
increase in mean reaction size.

The mean sizes of postvaccination reac-
tions in individuals receiving vaccines

("vaccinated") were compared with mean
sizes in those receiving normal saline ("con-
trols"). The mean sizes of postvaccination
reactions to both Rees' MLSA and
lepromin-A (early) were significantly larger
in vaccine group I for all the three age groups,
and in vaccine groups II, III and IV for age
groups 1-6 and 7-12 years, as compared
to those in the normal saline group. The
mean postvaccination reaction was the
highest in individuals receiving vaccine I (p
< 0.01). It was not significantly different in
individuals receiving vaccines II, III and IV
(p > 0.2) although, generally, a dose effect
was seen. The increases in mean postvac-
cination reactions in the vaccine groups, as
compared to those in the normal saline
group, were significantly higher (p < 0.01)
in age groups 1-6 and 7-12 years than that
observed in age group 13-70 years. Mean
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1-6^7-12^13-70
years^years^years

V V I V V I
^

V IV I

Vaccine
FIG. I. Postvaccination response to Rees' MLSA.

V = normal saline; IV = BCG; I = I3CG + 6 x 10'
killed M. leprae.

V IV I^VIVI^VIVI

Vaccine
FIG. 2. Postvaccination response to lepromin-A

(early). V = normal saline; IV = I3CG; I = BCG + 6
x 10" killed M. leprae.

postvaccination responses with Rees' MLSA
and lepromin-A for vaccines I, IV and V
are shown graphically in Figures 1 and 2,
respectively.

Postvaccination reactions were denser
than those at intake in all the vaccine groups

V IV 1^V IV I^V IV I
Vaccine

FIG. 3. Postvaccination response to lepromin-A
(late). V = normal saline; IV = BCG; I = BCG + 6 x
10 8 killed M. leprae.

(p < 0.01), but were similar in the normal
saline group (p > 0.5). Considering grades
I and II as dense, the proportions of dense
reactions to the postvaccination Rees'
MLSA were 34.1%, 16.9%, 13.4%, 8.2% and
3.8% for vaccines I, II, III, IV and V, re-
spectively. These proportions for lepro-
min-A were 34.1%, 15.1%, 14.5%, 14.1%
and 7.6%, respectively.

Postvaccination reactions to lepromin -A
(late). The mean size of postvaccination
late reactions to lepromin-A increased with
age (p < 0.01). It was significantly higher
in the vaccine groups as compared to that
in the normal saline group (p < 0.01).
Among the vaccine groups, it was the high-
est in vaccine group I (p < 0.01). It was not
significantly different in vaccine groups II,
III and IV (p > 0.05), although a dose effect
was discernible. The mean postvaccination
response, attributable to vaccine, was sig-
nificantly higher (p < 0.01) in age groups
1-6 and 7-12 years as compared to that in
age group 13-70 years. Figure 3 shows,
graphically, the mean postvaccination re-
sponses for vaccines I, IV and V.

Among 10, 18, 14, and 21 individuals
negative (0, ± or +) to the lepromin-A test
at intake, 100.0%, 88.9%, 78.6% and 71.4%
became strongly positive (2+ or 3+) to the
postvaccination test for vaccines I, II, III
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TABLE 4. Mean size of reaction to Rees' IlfLS11 at Intake and 12 weeks after vaccination.

Vaccine"^Age group^No. Mean at intake
(X)

Mean at
12 weeks

(Y)

Mean din'.
(Y - X)

mil in means
at 12 wk (vac-

cine minus
saline)

II

III

IV

V

1-6 43 8.9 (5.1)''
7-12 44 10.3 (6.6)

13-70 83 14.4 (4.9)
1-70 170 12.0 (5.9)

1-6 44 7.6 (5.6)
7-12 44 12.3 (5.6)

13-70 84 13.4 (6.3)
1-70 172 11.6 (6.4)

1-6 42 7.5 (5.4)
7-12 49 12.4 (4.8)

13-70 88 14.7 (6.0)
1-70 179 12.4 (6.3)

1-6 43 8.5 (6.1)
7-12 46 13.5 (4.4)

13-70 81 14.6 (5.8)
1-70 170 12.8 (6.1)

1-6 44 9.7 (5.1)
7-12 44 11.8 (6.2)

13-70 70 16.3 (4.8)
1-70 158 13.2 (6.0)

^15.6 (3.5)^6.7'^4.7'

^

19.1 (5.1)^8.8'^5.4'

^

20.5 (3.9)^6.0'^3.5'

^

18.9 (4.6)^6.9'^4.5'

^

14.0 (4.1)^6.4'^3.1,

^

16.9 (3.3)^4.6'^3.1'

^

18.7 (5.4)^5.3'^1.7 NS"

^

17.0 (5.0)^5.4'^1.6'

^

14.2 (4.2)^6.7'^3.3'

^

16.5 (4.8)^4.1'^2.8'

^

18.1 (4.7)^3.4c^1.1 NS

^

16.7 (4.9)^4.3'^1.3'

^

13.8 (5.3)^5.3'^1.9'

^

16.2 (5.0)^2.7'^2.5'

^

17.2 (5.3)^2.5c^0.2 NS

^

16.0 (5.4)^3.3'^1.6'

^

10.9 (4.6)^1.3 NS

^

13.7 (5.8)^1.9 NS

^

17.0 (4.9)^0.8 NS

^

14.4 (5.7)^1.1'

For description of vaccines, refer to Table 1.
b Figures in parentheses give standard deviation.
' p < 0.01.
" NS = Not significant.
p < 0.05.

and IV, respectively, as compared to 38.5%
among 39 individuals in the normal saline
group.

Complications to vaccination. Thirteen
individuals, 7 following vaccination with
vaccine I and 3 each following vaccination
with vaccines II and III, developed sup-
purative regional adenitis. No one in the
BCG group or in the normal saline group,
who also had lepromin-A test at intake, de-
veloped suppurative lymphadenitis. The
lymph node enlargement was noticed by the
second or third week after vaccination, and
fluctuating suppurative adenitis developed
around week 8. In 7 cases, the suppurated
nodes were incised and drained; in the re-
maining, they drained off before incision.
Healing was prompt after drainage.

Of the 13 individuals, 12 belonged to age
group 13-70 years and 1 was a 10-year-old
child; 5 of them had previous BCG scars, 8
did not.

DISCUSSION
Convit, et al. reported that a combination

vaccine of killed Al. leprae with BCG pro-

duced a more pronounced and persistent
postvaccination sensitization to soluble M.
leprae antigens than BCG alone 0. They
also demonstrated immunotherapeutic ef-
ficacy of the combination vaccine, suggest-
ing its possible utility even among individ-
uals already infected with Al. leprae. In our
study reported here, three different doses of
killed M. leprae in combination with a 0.1
mg dose of BCG were considered along with
a 0.1 mg dose of BCG alone and normal
saline. In the national program of immu-
nization, BCG is used in a dose of 0.1 mg.
Also, in the Chingleput BCG trial, BCG has
been shown to offer a limited degree of pro-
tection against leprosy, and the level of pro-
tection was higher with a 0.1 mg dose than
with a 0.01 mg dose ( 20). Hence, a 0.1 mg
dose of BCG in the combination vaccine
was considered for the present study. As
regards doses of killed M. leprae, the 6 x
lOs dose was selected, being the highest dose
used in Venezuela ( 24) and Malawi ("). A 5
x 10 7 dose was included since this dose was
also used in Malawi ("). A 5 x 10' dose is
close to the lepromin dose, and was includ-
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TABLE 5. Mean size of early reactions to lepromin-mil at intake and 12 weeks after
vaccination.

Vaccine'^Age group^No. Mean at intake
(X)

Mean at
12 weeks

(Y)

Mean dill.
(Y - X)

Diff. in means
at 12 wk (vac-

cine minus
saline)

7.8 (4.7)"
10.5 (4.7)
12.2 (5.9)
10.7 (5.6)

7.7 (4.6)
11.8 (4.3)
13.1 (5.4)
11.4 (5.4)

7.3 (4.2)
11.2 (3.9)
13.9 (4.7)
11.6 (5.1)

8.3 (4.8)
11.0 (4.3)
13.9 (4.9)
11.7 (5.3)

8.1 (4.8)
10.9 (4.4)
15.5 (4.0)
12.1 (5.3)

17.6 (3.5)"
19.0 (4.9)
20.7 (3.3)
19.4 (4.0)

16.3 (4.3)
16.6 (3.4)
17.9 (4.5)
17.1 (4.2)

15.6 (4.7)
15.9 (3.5)
18.6 (4.1)
17.1 (4.3)

14.7 (4.6)
14.6 (4.7)
17.9 (4.6)
16.2 (4.9)

11.8 (4.5)
14.1 (4.5)
17.7 (4.2)
15.0 (5.0)

^

9.8'^5.8'

^

8.5'^4.9'

^

8.4'^3.0'

^

8.8'^4.4'

^

8.7'^4.5'

^

4.8'^2.7"

^

4.8'^0.2 NS'

^

5.8'^2.1'

^

8.3'^3.8'

^

4.7'^1.8d

^

4.7'^0.9 NS

^

5.5'^2.1'

^

6.4'^2.9'

^

3.7'^0.5 NS

^

4.0'^0.2 NS

^

4.5'^1.2"

3.7'
3.2'

2.9'

1-6
^

43
7-12
^

44
13-70
^

83
1-70
^

170

11
^

1-6
^44

7-12
^

44
13-70
^

84
1-70
^

172

III
^

1-6
^

42
7-12
^

49
13-70
^

88
1-70
^

179
IV
^

1-6
^

43
7-12
^

46
13-70
^

81
1-70
^

170

V
^

1-6
^

44
7-12
^

44
13-70
^

70
1-70
^

158

For description of vaccines, refer to Table 1.
'' Figures in parentheses give standard deviation.
p < 0.01.
p < 0.05.

' NS = Not significant.

ed as the lowest possible dose that could be
considered.

In leprosy vaccine trials, clinically diag-
nosed incidence cases of leprosy, detected
in large populations over long periods of
follow up, continue to be the only outcome
measure. However, in studies designed to
assess the immunoprophylactic potential of
candidate antileprosy vaccines, one needs
to resort to some surrogate measures in spite
of their limited applicability. The presence
or development of sensitization against M.
leprae is generally considered to be a marker
for resistance against leprosy ('). However,
this is not a fool-proof criterion. In a lon-
gitudinal study, it was observed by us that
incidence rates for leprosy were similar in
both Rees' MLSA-positive and -negative
individuals (unpublished data). Dissocia-
tion between protection and sensitization
with BCG has been demonstrated in studies
on tuberculosis ( 2 '). The persisting immu-
nological differences between the two vac-
cine groups measured in terms of Convit's

MLSA in the Venezuelan trial did not cor-
relate with the preliminary results on pro-
tective efficacy of BCG plus M. leprae and
BCG alone ( 4).

Lepromin conversion (Mitsuda reaction)
has been used to measure immunity against
leprosy, based on which BCG was consid-
ered for prophylaxis against leprosy C).
Convit demonstrated lepromin conversion
in leprosy patients and their contacts by us-
ing BCG in combination with Al. leprae ( 2 ).
The study by Dharmendra and Chatterjee
on the lepromin test reporting susceptibility
oflepromin-negative individuals to develop
leprosy is often quoted as evidence of the
predictive ability of lepromin ( 6). Walter, et
al. demonstrated the utility of the post-lep-
romin scar as an indicator of resistance
against lepromatous leprosy (22).

Lepromin by itself is known to induce
sensitization against M. leprae. To over-
come this problem, Al. leprae-based soluble
antigens have been developed to measure
sensitization against Al. leprae ( 24 ). Our ear-
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TABLE 6. Mean .ripe of late reactions to lepromin-A at intake and 12 weeks after vac-
cination.

Dift in means
at 12 wk (vac-

cine minus
saline)

IV

V

Age group No. Mean at intake
(X)

1-6 41 7.7 (2.9)6

7-12 43 10.1 (3.1)
13-70 83 12.1 (3.0)

1-70 167 10.5 (3.5)

1-6 43 6.4 (3.8)
7-12 44 8.9 (2.2)

13-70 83 11.0(3.0)
1-70 170 9.3 (3.6)

1-6 41 6.1 (2.7)
7-12 46 8.7 (2.2)

13-70 78 10.8 (3.2)
1-70 165 9.0 (3.4)

1-6 39 6.5 (3.6)
7-12 44 7.6 (2.3)

13-70 83 11.1^(3.3)
1-70 166 9.1 (3.8)

1-6 43 4.4 (3.4)
7-12 42 6.9 (2.9)

13-70 70 10.0 (3.1)
1-70 155 7.6 (3.9)

Mean at
12 weeks

(Y)

11.5 (4.0)"
12.7 (3.8)
13.5 (3.7)
12.8 (3.9)

10.3 (4.2)
10.7 (3.2)
11.9 (3.1)
11.2 (3.5)
8.7 (3.6)

10.6 (3.3)
11.7 (3.9)
10.6 (3.8)

7.9 (3.7)
8.7 (2.7)

11.6 (4.0)
10.0 (4.0)

5.8 (3.0)
6.8 (3.3)

10.2 (4.4)
8.0 (4.2)

Vaccine•'
Mean din:
(Y - X)

3.8'
2.5'
1.4'
1 .3'
3.9'
1.8'
0.9"
1.9'

2.6'
1.8'
0.9"
1.6'
1.4'
I./'
0.5 NS'
0.9'

1.3'
-0.1 NS

0.2 NS
0.4 NS

5.7'
5.9'
3.3'
4.8'
4.6'
3.9'
1.7"
3.2'

3.8'
1.5"
2.6'
2.2'
2.0'
1.4 NS
1.9'

For description of vaccines, refer to Table I.
" Figures in parentheses give standard deviation.
p < 0.05.
p < 0.01.

' NS = Not significant.

her experience in a highly endemic area for
leprosy demonstrated the limitations of the
utility of these antigens for epidemiological
studies (' 2). However, these antigens have
been found useful for measuring the sensi-
tizing ability of M. /eprae-based vaccines in
different studies ( 3 ' 'ft 7 . ' 8 ).

In the present study, sensitization attrib-
utable to vaccination, as measured by Rees'
MLSA and lepromin, was considered an in-
dication of a vaccine-induced immune re-
sponse against M. leprae.

It was seen that in all of the four vaccine
groups, in each age group, the mean size of
reactions to the postvaccination test was
significantly larger than that to the test at
intake for both Rees' MLSA and lepromin-
A. The difference was the highest in vaccine
group I and similar in vaccine groups II, III
and IV. However, this difference is the sum
total of the effects due to sensitization by
vaccine, sensitization by the lepromin test
at intake, boosting of existing sensitization
by repeat testing, and new sensitization (both
specific and nonspecific), and cannot be at-

tributed to vaccination alone. In fact, even
in the normal saline group, a small but con-
sistent increase was seen in the mean size
of reaction to Rees' MLSA and lepromin at
12 weeks as compared to that at intake.
Considering conversion from negativity to
positivity to soluble antigens as a measure
of the sensitizing capacity of antileprosy
vaccines is also problematic and may lead
to misleading conclusions due to the effect
of regression to mean and other factors
mentioned above ( 5 ' ' 4 ). Also, as mentioned
earlier, the study area is known to have a
high prevalence of nonspecific sensitivity,
and in the study villages the proportion of
positives to skin-test antigens was itself high
at intake. In view of the above, for mea-
suring the sensitizing effect of the various
vaccines in the present study, the mean sizes
of the postvaccination reactions in the vac-
cine groups were compared with that in the
normal saline group.

The mean sizes of postvaccination reac-
tions to both Rees' MLSA and lepromin
were significantly higher in the vaccine
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groups as compared to that in the normal
saline group, clearly bringing out the sen-
sitizing effect of the vaccines used in the
study. This effect was more pronounced
among children than among adults. Since
in this population the prevalence of non-
specific sensitivity is high, and by the age
of 1 years almost all were positive to the
antigens (as observed in the normal saline
group) the vaccine effect was masked in the
age group 13-70 years. Therefore, in areas
with a high prevalence of nonspecific sen-
sitivity, assessment of vaccines in terms of
the postvaccination response to antigens is
best undertaken in young children. This
finding is in conformity with the one re-
ported on postvaccination tuberculin sen-
sitivity for assessing BCG vaccination
The sensitizing effect was the highest fol-
lowing vaccination with vaccine I. In vac-
cine groups II, III and IV, although a dose-
response effect was seen, the differences were
not statistically significant. The patterns of
results were similar with regard to denseness
of postvaccination reactions. A dense re-
action would indicate a distinct granuloma.
Reactions following vaccination with vac-
cine I were significantly more dense as com-
pared to those following vaccination with
the other preparations. The pattern of post-
vaccination results was similar for the re-
actions to Rees' MLSA and for the Fernan-
dez and Mitsuda reactions to lepromin-A.
Irrespective of which results one consid-
ered, they all led to the same conclusions
mentioned above.

It was observed that the simultaneous ad-
ministration of vaccines marginally sup-
pressed reactions at 48 hr to Rees' MLSA
and lepromin-A at intake. The differences
were small and statistically not significant.
The suppression of tuberculin allergy by si-
multaneous BCG vaccination has been re-
ported by Narain and Vallishayee ( 15). In
their study also, the depressive effect was so
small that they concluded that simultaneous
BCG vaccination should not invalidate the
results of the tuberculin test.

A noteworthy finding of this study was
the observed effect of vaccination on the
Mitsuda reactions to the lepromin test at
intake. The pattern of these results was sim-
ilar to that obtained with the postvaccina-
tion reactions. The mean sizes of Mitsuda
reactions to the lepromin test at intake were

significantly higher in the vaccine groups as
compared to that in the normal saline group.
It was highest in vaccine group I, and was
similar in vaccine groups II, III and IV.
Thus, the Mitsuda reactions to the lepromin
test itself at intake provided a measure of
vaccine effect.

There was no apparent influence of BCG
scars on reactions to Rees' MLSA or early
lepromin-A at intake. This is in agreement
with our observations in an earlier study in
the same area ( 12). However, the mean sizes
of Mitsuda reactions to lepromin-A at in-
take were slightly, but consistently, larger in
individuals with a BCG scar, although the
differences were not statistically significant.
Mitsuda reaction positivity following BCG
vaccination has been reported in the liter-
ature ( 5). The evolution of local lesions at
the vaccination site or mean size of lesions
were not significantly different in individ-
uals with and without BCG scars. The oc-
currence of suppurative adenitis also was
not associated with the presence of a BCG
scar. In India, BCG immunization is part
of the Universal Immunization Pro-
gramme, and it will not be practical or prop-
er to restrict the antileprosy vaccine trial
only to individuals without a previous BCG
scar. The results of the present study showed
that vaccination with BCG or combination
vaccines was equally safe in individuals with
and without previous BCG scars.

The vaccination program was well ac-
cepted by the community in the study vil-
lages. Healing of vaccination lesions was
uneventful, except in the 13 persons who
developed suppurative lymphadenitis. In
more than 90% of the vaccinated individ-
uals, lesions healed by week 12 for vaccines
II, III and IV, and by week 15 for vaccine
I. In the older age groups, ulcers developed
more quickly and the mean sizes of vacci-
nation scars were somewhat larger as com-
pared to those in the youngest age group.
Ponnighaus and Fine ( 7) have also reported
on local ulcers. But the two sets of results
are not comparable since in their study, vac-
cination was given at two different sites by
splitting the dose.

Suppurative adenitis following BCG vac-
cination is a known complication in infants
(''). It is supposed to occur due to a deeper
vaccination, a large dose of BCG, or a highly
potent BCG strain. However, in the present
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study no case of suppurative adenitis fol-
lowing BCG vaccination was observed in
any age group, including the youngest age
group. The 13 persons who developed sup-
purative adenitis were from the groups re-
ceiving combination vaccine and, except for
one child aged 10 years, belonged to the age
group 13-70 years. They all reacted strong-
ly to the intake and postvaccination tests
with Rees' MLSA and lepromin. However,
most of the individuals in this age group
had strong reactions to Rees' MLSA and
lepromin, and no particular factor could be
identified to predict risk of suppurative ad-
enitis in a given individual. Ponnighaus and
Fine have reported metastatic indurations
and ulcers in some individuals following
vaccination with a high dose of the com-
bination vaccine ( 17). However, they did not
specifically mention suppurative regional
adenitis. Convit observed suppurative ad-
enitis in only four individuals in 30,000
vaccinees in the Venezuelan vaccine trial
(personal communication). In Venezuela, a
lower dose of BCG (0.04 mg) was used in
the tuberculin-positive individuals.

In an attempt to reduce the incidence of
suppurative adenitis, another study was
conducted using a reduced dose of BCG ('').
It was possible to bring down the occurrence
of suppurative adenitis substantially (only
1 case in 200 vaccinated individuals) with-
out reduction in the sensitizing ability of the
vaccine, by using a dose of 0.05 mg BCG
with 6 x 10 8 killed M. leprae.

SUMMARY
A study was conducted in 997 individuals

in two villages in south India to find the
acceptability and sensitizing effect of the an-
tileprosy combination vaccine of BCG plus
killed Mycobacterium leprae (KML). Three
preparations of the combination, BCG 0.1
mg + 6 x 10 8 KML (I), BCG 0.1 mg + 5
x 10 7 KML (II), and BCG 0.1 mg + 5 x
10 6 KML (III), along with BCG 0.1 mg (IV),
and normal saline (V), were used in the
study. Each individual received one of the
above five preparations by random alloca-
tion. They were also tested with Rees' M.
leprae soluble skin-test antigen (MLSA) and
lepromin-A, both at intake and 12 weeks
after vaccination. Reactions to Rees' MLSA
were measured after 48 hr ; those to
lepromin-A after 48 hr and 3 weeks. The

character and size of the local response at
the vaccination site were recorded at 3, 8,
12, 15, and 27 weeks after vaccination.

The mean sizes of postvaccination sen-
sitization to both Rees' MLSA and
lepromin-A in the vaccine groups were sig-
nificantly larger than those in the normal
saline group, clearly demonstrating the abil-
ity of the vaccines to induce sensitization
as measured by responses to the two skin
tests. The sensitizing effect was the highest
following vaccination with vaccine I. It was
not significantly different for vaccines II, III,
and IV, although, generally, a dose-response
effect was observed. The sensitizing effect
attributable to the vaccine was more clearly
seen in children than in adults. The above
conclusions were the same irrespective of
which results were considered, reactions to
Rees' MLSA or Fernandez or Mitsuda re-
actions to lepromin-A. A significant finding
of the study was that at intake the Mitsuda
reactions provided a measure of sensitizing
effect due to vaccine.

The healing of vaccination lesions was
uneventful. In more than 90% of vaccinated
individuals, the lesions had healed by the
12th week in vaccine groups II, III, and IV,
and by the 15th week in vaccine group I.
The results showed that vaccination with
BCG or combination vaccines was equally
safe in individuals with or without previous
BCG scars. Thirteen persons, aged 10 years
or older, developed suppurative lymphad-
enitis around the 8th week (7 in vaccine
group I, 3 each in vaccine groups II and III).
However, healing was prompt after drain-
age in these individuals.

RESUMEN
Se realizO un estudio en 997 individuos de 2 pobla-

ciones del sur de la India para encontrar la aceptabi-
lidad y el cfecto sensibilizante de la vacuna preparada
con BCG y con Mycobacterium leprae muerto por calor
(KML). En el estudio se usaron 3 preparaciones corn-
binadas: (I) 0.1 mg BCG + 6 x 10' KML, (II) 0.1 mg
BCG + 5 x 10' KML, y (III) 0.1 mg BCG + 5 x 10"
KML; junto con (IV) 0.1 mg de BCG solo, y (V) so-
luciOn salina. Cada individuo recibiO, al azar, una de
las 5 preparaciones mencionadas. Tanto al inicio como
a las 12 semanas despues de la vacunaciOn, los indi-
viduos tambien fucron probados con el antigeno solu-
ble de M. leprae de Rees (MLSA) y con lepromina A.
Las rcaccioncs al MLSA se midicron a las 48 horas;
aquellas a Ia lepromina A, a las 48 horas y a las 3
semanas. El catheter y el tamano de Ia respuesta local
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en el sitio de vacunaciOn se registr6 a las 3, 8, 12, 15
y 27 semanas.

El tamailo promcdio de las reacciones hacia el MLSA
y hacia la lepromina A en los grupos vacunados fue
significativamente mayor que en el grupo control ino-
culado con soluciOn sauna, est° demostrO claramente
la capacidad sensibilizante de las vacunas, el cual fue
mayor con la vacuna I. No hubieron diferencias sig-
nificativas entre las vacunas II, III y IV, aunque, ge-
neralmente, se observO un efecto de dosis-respucsta.
El efecto sensibilizante atribuible a la vacuna se ob-
serve' mas claramente en los nitios que en los adultos.
Las conclusiones anteriores fueron las mismas inde-
pendientemente de cuales resultados fucron conside-
rados (reactividad al MLSA o a la lepromina). Un ha-
llazgo importante del estudio fue que, al inicio, las
reacciones de Mitsuda proporcionaron una medida del
efecto sensibilizante de la vacuna.

La curaciOn de las lesiones inducidas por x'acunaciOn
ocurri6 sin contratiempos. En mas del 90% de los in-
dividuos vacunados, las lesiones habian sanado hacia
la semana 12 en los grupos que recibieron las vacunas
II, III, y IV, y hacia la semana 15 en el grupo que
recibi6 la vacuna I. Los resultados mostraron que Ia
vacunaciOn con BCG o la combinaciOn do vacunas
fueron igualmente seguras en los individuos con o sin
cicatrices previas por BCG. Trece personas, de 10 atios
o mayores, desarrollaron linfadenitis supurativa hacia
la semana 8 (7 en el grupo de la vacuna I, 3 en cada
uno de los grupos II y III), sin embargo, la curaciOn
fue pronta despues del drenado de las lesiones.

RÉSUMÉ

Une etude a etc realises chez 997 personnes dans
deux villages du sud do l'Inde pour analyser l'accep-
tabilite et l'effet sensibilisateur du vaccin antilepreux
combinant le BCG et du Mycobacterium leprac tue
(KML). Trois preparations de la combinaison, BCG
0.1 nig + 6 x 10' KML (I), BCG 0.1 mg + 5 x 10'
KML (II), et BCG 0.1 mg + 5 x 10" KML (III), ainsi
que du BCG 0.1 mg (IV), et une preparation saline
normale (V) ont etc utilisees dans l'êtude. Chaque per-
sonne a recu l'une des cinq preparations citees plus
haul par attribution aleatoire. its furent egalement testes
avec l'antigene cutane soluble de M. Iconic de Rees
(MLSA) et avec lepromine-A, tous deux administres
au moment et 12 semaines apres la vaccination. Les
reactions vis-a-vis du MLSA de Rees ont etc mesurees
apres 48 heures; celles a la lepromine-A apres 48 heures
et 3 semaines. La caractere et la ladle dc la reponse
locale au site de vaccination ont eta enregistres a 3, 8,
12, 15, et 27 semaines apres la vaccination.

Les tallies moycnnes de la sensibilisation post-vac-
cinalc au MLSA de Rees et 0 la lepromine-A dans les
groupes des vaccines etaient significativement plus
grandes que dans Ic groupe ayant recu la solution saline
normale, demontrant clairement la capacite des vac-
cins de produire une sensibilisation ainsi que mesuree
par les reponses aux deux test cutanes. L'effet sensi-
bilisateur etait Ic plus grand apres la vaccination avec

lc vaccin I. Il n'êtait pas significativement difltsrent
pour les vaccins II, III, et IV, bien que generalement
une relation dose/cffet etait observee. L'effet sensibi-
lisant attribuable au vaccin etait vu plus clairement
chez les enfants que chez les adultes. Les conclusions
ci-dessus etaient les memos quels que soient les resul-
tats consideres, qu'il s'agisse des reactions au MLSA
de Rees ou aux reactions de Fernandez ou de Mitsuda
0 la lepromine-A. Une observation significative de
l'étude etait que les reactions de Mitsuda réalisees au
moment de l'enrolement fournissaient une mesure de
I'effet sensibilisateur au vaccin.

La guerison des lesions vaccinales se deroula sans
probleme. Dans plus de 90% des personnes vaccinees,
les lesions etaient gueries 0 la douzieme semaine dans
les groupes de vaccination 11,111 et IV eta la quinzieme
semaine dans Ic groupe de vaccination I. Les resultats
ont montre que la vaccination avec le BCG ou les
vaccins de combinaison etait egalement sure chez des
personnes avec ou sans cicatrice prealable de BCG.
Seize personnes, Ogees de 10 ans ou plus ont developpe
une lymphadenite suppurative aux environs de la 8eme
semaine (7 dans le groupe I, 3 chacuns dans les groupes
II et III). Cependant, Ia guerison etait rapide chez cos
personnes apres drainage.
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