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The efficacy of BCG vaccine in preventing the clinical manifestations of leprosy in a tuberculosis-free area
of Papua New Guinea is reported. Between 1963 and 1966 a total of 5356 subjects, randomized to receive
BCG or saline inoculations, were examined for leprosy before the vaccination and surveillance was con-
tinued until 1979.

BCG afforded 48% protection against clinical leprosy, being most effective against borderline tuber-
culoid leprosy and in children vaccinated when under 15 years old. Protection was evident within 12
months in those vaccinated between the ages of 10 and 15 years but was delayed in other age groups.
There was evidence for accelerated manifestations of tuberculoid leprosy in children vaccinated when
under 5 years of age. Tuberculin sensitivity was more likely to be sustained following multiple BCG inocu-
lations; vaccinees with sustained tuberculin sensitivity had the lowest incidence of leprosy, but protection
was also evident in tuberculin-negative vaccinees. These results may have implications for ongoing trials
of leprosy vaccine incorporating BCG.

Introduction
Bacille Calmette-Guerin (BCG) vaccine is known to
protect against infection with Mycobacterium tuber-
culosis which has a number of antigens in common
with M. leprae. BCG vaccination might therefore
also protect against M. leprae infection. Until a reli-
able indicator of subclinical M. leprae infection is
available, protection by BCG can only be measured
in relation to clinically manifest leprosy. A beneficial
effect was suggested in 1939 by Fernandez and had
been supported but not proved by others (12). In the
1960s a number of controlled trials were initiated to
determine the protection afforded by BCG against
clinical leprosy; the three major prospective trials
were in Karimui (Papua New Guinea), Uganda, and
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Burma. The Karimui trial differed from the other
two in a number of respects but particularly because
it was conducted in an area completely free of tuber-
culosis and virtually free of environmental mycobac-
teria (26). Furthermore in the Karimui trial all age
groups were included, the diagnosis and classi-
fication of leprosy was confirmed by biopsy, and no
treatment was available for cases of leprosy for the
first four years of the trial.

The results for the first 12 years of the Karimui
trial demonstrated 47% protection against clinical
leprosy by BCG, and showed that this protection
was largely limited to borderline tuberculoid (BT)
leprosy with the greatest effect in those aged 10-19
years at vaccination.' The Uganda (29) and Burma
(14) trials, which were carried out in areas endemic
for tuberculosis, were concerned only with children
and depended on a clinical diagnosis of leprosy.
BCG gave 80% protection against leprosy in
Uganda but only 20% protection in Burma. In
Uganda the protection was not influenced by age at
vaccination, sex, pre-vaccination tuberculin sensi-
tivity (within the range of Heaf test 0 to grade 2),
degree of contact, or degree of genetic relationship to
a case (29). In Burma the age, sex and contact status
of the children influenced the protective effect of
BCG as did the batch of vaccine (14). Further infor-
mation on the efficacy of BCG against clinical

a Scoff, G.C. The Karimui trial of BCG as a leprosy prophylactic.
Working paper presented to the IMMLEP Scientific Working
Group, Geneva, 1982.
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leprosy has come from the Madras trial of BCG vac-
cination against tuberculosis (33), in which protec-
tion was demonstrated against borderline and
indeterminate leprosy and BCG was estimated to be
between 10% and 38% effective (32). In a
retrospective case-control study in Malawi, Fine and
his colleagues (10) demonstrated at least 50% protec-
tion against clinical leprosy by BCG.

The differences in the results from these trials
are not fully understood but different vaccine strains
or trial designs are not thought to be responsible
while variable exposure to mycobacteria including
M. leprae, differences in M. Ieprae strains, and
genetically determined host responses have all been
considered (9, 15). Field trials of vaccines against
leprosy are currently being planned or implemented
and BCG has been incorporated in some vaccine
preparations and may be used as an alternative to
placebo for some control groups.b The effects of
BCG independent of any M. leprae-derived immuno-
gen will complicate evaluation of results from these
vaccine trials and in this respect the Karimui results
may be particularly relevant. The Karimui data have
therefore been examined in more detail and the
analysis extended to include data up to 1979.

Methods
Study population and randomization

The study area and design of this trial have already
been described (24). In brief, Karimui was an isolated
area in the Eastern Highlands Province of Papua
New Guinea which had experienced minimal contact
with the outside world. There were no health services
and only occasional foot patrols by the colonial
administration. The population of about 5000 were
subsistence farmers living in small villages. In 1961 a
pilot study (24) confirmed a high prevalence of
leprosy (6.1% of 1114 examined), and a low preva-
lence of tuberculin sensitivity (3.4% of 832 tests). The
study population comprised subjects recorded in a
census conducted in October 1962 who were still
present in March 1963 and all newborns and immi-
grants to the region between 1963 and 1966. The
1962 census population of each village was stratified
by age (0- 15 and > 16 years), sex, and residence in a
family group with or without leprosy; using the
stratified census lists alternate persons in each of the
eight strata were allocated to be vaccinated with
BCG, or to act as controls and receive saline. Alloca-
tion was completed in Sydney, Australia, before the

b Vaccination trials against leprosy: a meeting of the epidemi-
ology subgroup of the Scientific Working Group on the Immu-
nology of Leprosy (unpublished WHO document
TDR/IMMLEP/EPD/85.3, 1985).

first vaccination round in March 1963. Subjects sub-
sequently recruited were allocated in a similar
manner by the vaccination team as they visited the
villages at six-month intervals.

BCG vaccination

Four different batches of freeze-dried glutamate
BCG vaccine, manufactured by the Japan BCG
Laboratories in Tokyo, were used between 1963 and
1966 (Lots 3130G, 11061G, 11083F and 11086F).
Vaccination was by intradermal injection of 0.1 ml
vaccine above the insertion of the left deltoid. The
vaccine was reconstituted according to the manufac-
turer's instructions and precautions were taken to
protect the vaccine from heat and light. Although
tuberculin sensitivity three months after vaccination
was satisfactory (87.5% had tuberculin reactions of
10mm or more), one year later only 38.5% of a
sample of vaccine recipients had tuberculin reactions
greater than 10mm, and subjects allocated to receive
BCG were revaccinated annually in March from
1964 to 1966.

Detection, definition and classification of leprosy

The study population was examined for leprosy
before being inoculated in March 1964, and again in
September 1966, November 1967 and annually
thereafter in December until December 1979. At
each survey the whole population was examined by
the same leprologist (D.A.R.) without preliminary
reference to the record card. The site of BCG inocu-
lation was not covered. Lesions suspected of being
leprosy were subjected to biopsy and all biopsies
were sent to London for examination by Dr D.S.
Ridley who received clinical information but did not
know the vaccination status of the subjects. The con-
firmation of leprosy was based on histological proof
of the diagnosis except for two cases in which biopsy
was not possible-one had polyneuritic disease and
the other a lesion over the jugular vein. The date
when lesions were first seen was taken as the date of
diagnosis. Cases without histological confirmation,
except for the two clinically certain cases mentioned
above, are described as suspect cases. Failure to
obtain histological confirmation arose because no
biopsy was done or the biopsy failed to give a defi-
nite diagnosis. Cases were classified on histological
criteria according to the Ridley-Jopling classification
(20). The type of leprosy at diagnosis was based on
the first biopsy.

Incidence rates

Incidence rates have been calculated on the number
of new cases in relation to the period of observation
in person-years. The observation period for each
subject was between the dates of recruitment and the
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last examination or the examination when signs of
leprosy were first seen and it has been corrected to
account for varying time intervals between clinical
examinations.

Data collected between 1975 and 1979 have not
been added to the computerized data-base, and the
person-years of observation for this period were esti-
mated using the following demographic formula of
"population estimate for the immediate post-censal
period":
Pt =P ert where P, = population at time t, PO =
original population, e = exponential log, and
r = rate of decline (18). The rate of decline (r) in
observation years for the study population during
this period was estimated by extrapolation from the
calculated average rate of decline between 1968 and
1975 for each age and sex group. The validity of the
estimate is based on the presumption that the rate of
decline remained constant between 1968 and 1979.

Data analysis and statistical methods
The Statistical Package for the Social Sciences
(SPSS-X) (27) was used for purposes of data organiz-
ation and general analysis including frequencies,
cross-tabulation and descriptive statistics. The sta-
tistical packages GENSTAT (1) and GLIM (4) were
used for higher level analysis. Factors influencing the
development of leprosy were determined by fitting
logistic regression models (8), by the addition of
terms to the regression equation which significantly
improved the fit of the model to the data. Incidence
was determined in terms of cases per subject-year
and these were analysed using a log-linear model (3)
which allowed multidimensional table analysis of
variables with several levels such as age, sex, vaccina-
tion, type of leprosy, and calendar year. The com-
parison of the incidence of leprosy in vaccinated and
control subjects gives an index of protection by BCG
against clinical leprosy. P values of <0.05 are con-
sidered significant; 95% confidence intervals for the
index of protection have been calculated as described
by Rothman (23).

Results
The study population included 4822 initial recruits
and 567 subjects (mainly newborns) recruited
between 1963 and 1966. Thirty initial recruits from
the control group were excluded following inadver-
tent administration of BCG. Two adults and a one-
year-old child, all recruited in 1966, were also
excluded because they were found to have leprosy at
the first post-vaccination examination and had not
been examined before vaccination. The final study
population totalled 5356 and the vaccinated and

Table 1: Age and sex of vaccinated and control subjects

BCG group Control group
Age at
entry Female Male Female Male Total

0-4 years 291 327 318 307 1243
5-14 years 297 368 276 372 1313
15 years 711 713 706 670 2800

Total 1299 1408 1300 1349 5356

control groups were comparable with respect to age
and sex (Table 1).

Between 1963 and 1975, 931 subjects died giving
a crude annual mortality rate of 16.7 per 1000. There
was a slight but significant excess number of deaths
among the controls (489) compared with vaccinated
subjects (442) (P < 0.05). Mortality was highest in
children under five years, particularly in the early
years of the study (Fig. 1); in this age group the
higher death rate in control children compared with
vaccinated children was not statistically significant.
Between 1965 and 1975, coverage at the leprosy
surveys was between 83% and 98% of the popu-
lation at risk and was similar in the vaccinated and
control groups. Except through death few subjects
were lost; absentees were usually temporarily away
from the area and were seen at later surveys. Of the
vaccinees and controls at risk (i.e., alive and not
known to have developed leprosy), 92% were seen in
1975 which was the last survey entered on the data
base.

Protective effect and clinical aspects

Overall protective effect. Leprosy was suspected in 334
subjects and confirmed in 281 by skin biopsy. In two
additional cases in whom biopsy was not possible
the diagnosis was considered certain on clinical cri-
teria. In 40 persons with clinically suspect lesions (24
vaccinated and 16 controls) leprosy was not present
on biopsy. In 11 suspect cases the diagnosis could
not be confirmed or disproved; in seven no biopsy
was performed, three had inconclusive histological
findings, and one had no biopsy initially and a
normal biopsy one year after the lesion was first
seen. These 11 suspect cases were excluded from the
analysis which is concerned only with 283 confirmed
cases. Two cases, both from the BCG group and
both free of leprosy when recruited in 1963, were
found to have leprosy in the same year as they
received their first BCG inoculation (1964). They
were not excluded from the analysis.

Between 1963 and 1975 the crude incidence of
clinical leprosy in vaccinated subjects was 3.3 per
1000 person-years compared with 6.3 in the controls.
Between 1976 and 1979 (when subject-years were
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Fig. 1. Annual mortality rates per 1000 mid-year population in BCG vaccinated and control subjects, according to age
at recruitment, 1963-75.
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estimated) there were five cases of leprosy in vacci-
nated subjects and 12 in control subjects and the
incidence for the full period analysed was 2.8 and 5.4
per 1000 person-years, respectively. Inclusion of
results between 1976 and 1979 did not alter the
overall protective effect of BCG against clinical
leprosy which was 48%, with 95% confidence inter-
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vals between 34% and 59% (Table 2). Unless other-
wise stated, the results that follow refer to the full
study period (1963-79).

Protectlon according to sex and age. There was no sig-
nificant difference in protection between males and
females (Table 2) and the incidence of clinical leprosy

Table 2: Protection against clinical leprosy from BCG vaccination according to age at recruitment and sex

No. of No. of
leprosy cases person-years Incidencea

Age Percentage
and sex Vaccinees Controls Vaccinees Controls Vaccinees Controls protection

0-4 years:
Male 17 24 4156 3651 4.1 6.6 38 (-16 to 67)b
Female 10 28 3669 4003 2.7 7.0 61 (20 to 81)
Total 27 52 7825 7654 3.5 6.8 49 (19 to 68)

5-14 years:
Male 21 45 4779 4743 4.4 9.5 54 (22 to 72)
Female 13 29 4389 3708 3.0 7.8 62 (27 to 80)
Total 34 74 9168 8451 3.7 8.8 58 (36 to 72)

> 15 years:
Male 18 26 9618 8532 1.9 3.0 39 (-12 to 66)
Female 22 30 9716 9331 2.3 3.2 30 (-22 to 59)
Total 40 56 19334 17863 2.1 3.1 34 (1 to 56)

All ages:
Male 56 95 18553 16926 3.0 5.6 46 (25 to 61)
Female 45 87 17774 17042 2.5 5.1 50 (29 to 65)
Total 101 182 36327 33968 2.8 5.4 48 (34 to 59)

a Incidence per 1000 person-years.
b Figures in parentheses give the 95% confidence intervals.
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Fig. 2. Cumulative Incidence of leprosy in BCG vaccinated and control subjects, according to age at recruitment.
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Table 3: Protection against clinical leprosy from BCG vaccination according to age and time interval from recruitment

Age group

0-4 years 5-9 years 10-14 years >15 years

Time interval No. of No. of No. of No. of
from recruitment cases Incidence" cases Incidence" cases Incidence" cases Incidence"

0-1 year:
BCG 1 1.7 2 6.8 3 8.3 3 2.2
Control 1 1.7 3 9.7 6 18.1 5 3.8
Protection All ages, 41%

(-34 to 74)b
0 years:
BCG 14 5.3 13 9.3 8 4.6 24 3.7
Control 13 4.9 18 13.1 22 14.2 29 4.8
Protection -8% 29% 68% 23%

130 to 49)b (-45 to 65) (27 to 86) (-32 to 55)
6-10 years:
BCG 1 1 4.6 4 3.1 5 3.1 8 1.4
Control 30 13.1 15 12.0 13 9.5 17 3.2
Protection 65% 74% 67% 56%

(30 to 82) (22 to 91) (8 to 88) (-1 to 81)
11-16 years:
BCG 2 0.8 1 0.8 3 2.2 8 1.3
Control 9 3.9 1 0.8 5 4.1 10 1.8
Protectionc 79% 0% 46% 28%

Incidence per 1000 person-years.
b Figures in parentheses give 95% confidence intervals.
c Number of cases too small for meaningful confidence intervals.
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was lower in vaccinees than in controls of all age
groups. Protection was greater in those vaccinated
when under the age of 15 years (54%) than in those
vaccinated when 15 years or older (34%) (Table 2),
although the difference was not statistically signifi-
cant.

Onset and duration of protectlon awording to age.
Incidence data are available for the majority of the
population at 12 and 41 months following recruit-
ment, and every 12 months thereafter. Protection
was apparent at 12 months in all vaccinated subjects
except those recruited when under five years old, in
whom there was no apparent protection for the first
five years (Fig. 2). Initially protection was greatest in
those aged 10 to 14 years at recruitment (Table 3).
For all other age groups the protection increased in
the second five years of the trial and, with the excep-
tion of those under five years of age when recruited,
protection decreased thereafter (Table 3). However,
the decrease in protection was not statistically sig-
nificant and the number of cases during the later
part of the trial was small.

Clinical aspects of leprosy In relation to vaccination. In
ten cases the type of leprosy could not be confirmed
histologically (two without biopsy). Based on the
remaining 273 cases the incidence of BT leprosy and

to a lesser extent of tuberculoid (TT) leprosy was sig-
nificantly lower in vaccinees compared with controls
(Table 4). There was no significant difference in the
incidence of other types of leprosy. Multivariate
analysis using a log-linear model showed that the
type of leprosy did not influence or interact with the
independent and significant effects of age, calendar
year, and BCG vaccination on the incidence of
leprosy.

The only other differences in clinical leprosy
between vaccinees and controls were in subjects aged
under five years when recruited. In this age group
clinical leprosy occurred more often before the age of
five years in vaccinees (9/101) than controls (2/182)
(P < 0.01), and the mean time interval between
recruitment and diagnosis of leprosy was 17 months
shorter in vaccinees than in controls (P < 0.05)
(Table 5). A significant difference between vaccinees
and controls in the mean time interval from recruit-
ment till diagnosis of leprosy was seen only in rela-
tion to TT leprosy (Table 6).

Protectve effect according to Immediate and sustaIned
post-vaccinatIon tuberculIn sensitivity. This was exam-
ined only in vaccinated subjects. The incidence of
clinical leprosy following the last vaccination
(between 1966 and 1975) was related to the imme-
diate post-vaccination tuberculin sensitivity as mea-

Table 4: Protection against clinical leprosy from BCG vaccination according to the type of leprosy (8 cases were
histologically unclassiflable and 2 cases had no biopsy)

BCG Controls Percentage protection

Type of No. of No. of 95% confidence
leprosya cases Incidenceb cases Incidenceb Mean interval

Indeterminate 23 (23)C 0.6 26 (15) 0.8 25 -31 to 57
TT 43 (43) 1.2 66 (38) 1.9 37 7 to 57
BT 24 (25) 0.7 68 (39) 1.9 63 41 to 77
BB, BL, LL 9 (9) 0.2 14 (8) 0.4 50 -16 to 78

a TT (tuberculoid); BT (borderline tuberculoid); BB (mid-borderline); BL (borderline lepromatous); LL (lepromatous).
b Incidence per 1000 person-years.
c Figures in parentheses give the percentage of each type according to vaccination status.

Table 5: The mean time interval In years between recruitment and diagnosis in vaccinees and controls who developed
leprosy, by age at recrultment

Vaccinees Controls

No.of Time interval No. of Time interval
Age cases (years)" cases (years)" P value

0-4 years 27 5.72 + 0.47 52 7.15 ± 0.38 0.029
>5 years 74 5.77 + 0.40 130 5.77 + 0.29 0.993
P value 0.937 0.008

° Mean value + standard error.
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Table 6: The mean time interval between recruitment and diagnosis in vaccinees and controls recruited when under
five years old who developed leprosy, by the type of leprosy

Vaccinees Controls

Type of No. of Time interval No. of Time interval
leprosy' cases (years)b cases (years)b P value

Indeterminate 5 8.35 + 1.28 10 8.52 + 1.06 0.926
TT 13 4.71 + 0.53 14 6.98 + 0.79 0.027
BT 7 5.86 + 0.79 27 6.71 + 0.44 0.381
BB, BL, LL 2 5.21 + 1.54 1 7.75 0.516

8 TT (tuberculoid); BT (borderline tuberculoid); BB (mid-borderline); BL (borderline lepromatous); LL (lepromatous).
b Mean value + standard error.

sured in 1966. In addition, the incidence of clinical
leprosy from the year of recruitment (1963 to 1975)
was related to the sustained post-vaccination tuber-
culin sensitivity as measured in 1974. Vaccinees with
tuberculin reactions of > 10 mm and < 10 mm were
compared. Both immediate and sustained tuberculin
sensitivities that gave a tuberculin reaction of
> 10 mm were associated with a lower incidence of
leprosy than a tuberculin reaction of less than
10 mm (Table 7), but the difference was significant
(P < 0.05) only as regards sustained tuberculin sensi-

Table 7: Incidence of leprosy In vaccinees between 1966
and 1975 according to the immediate post-vaccination
tuberculin sensitivity In 1966, and between 1963 and
1975 according to the sustalned post-vaccination tuber-
culin sensitivity as measured In 1974

Tuberculin tested in:

1966 1974

Tuberculin No. of Incidence No. of Incidence
sensitivity cases 1966-75' cases 1963-75'

>10 mm 11 1.6 16 1.9
<10 mm 33 3.0 54 3.9
Unknown 19 4.1 26 3.9

* Incidence per 1000 person-years.

tivity. The incidence of leprosy decreased and tuber-
culin sensitivity increased with increasing numbers of
BCG inoculations (data not shown) but multivariate
analysis, based on the number of injections and
tuberculin sensitivity as factors and leprosy incidence
as the outcome, showed that the lower incidence of
leprosy in vaccinees with greater tuberculin sensi-
tivity was significant irrespective of the number of
BCG inoculations (P < 0.05). There was insufficient
naturally-acquired tuberculin sensitivity among con-
trols (in 1974 fewer than 10% of controls tested had
tuberculin reactions greater than 4 mm) to compare
BCG-induced tuberculin sensitivity with naturally-
acquired tuberculin sensitivity.

Protective effect according to Intensity of transmission.
The prevalence rates of leprosy in the villages of
residence in 1962 varied from nil to over 20% and
give some indication of the intensity of transmission
in the different villages between 1963 and 1967 (when
all cases were started on treatment). Examination of
the incidence of clinical leprosy between 1963 and
1967, according to vaccination group and prevalence
of leprosy in the village of residence at the time of
recruitment, reveals increasing protection from BCG
with increasing 1962 prevalence rates (Table 8), but
the difference is not statistically significant.

Table 8: The incidence of leprosy between 1963 and 1967 in vaccinated and control subjects according to the preva-
lence of leprosy In 1962 In the villages of residence

BCG Controls

Leprosy prevalence No. of No. of Percentage
in 1962 (%) cases Incidence" cases Incidence" protection

Nil 2 1.1 1 0.6 -

0.1-2.5 15 4.6 18 5.8 21 (-57 to 60)b
2.6-4.9 16 5.5 23 8.2 33 (-27 to 65)
5.0-9.9 8 4.5 15 9.4 52 (-13 to 80)
10.0 10 7.8 20 16.4 52 (-2 to 78)

Incidence per 1000 person-years.
b 95% confidence intervals are given in parentheses.
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Discussion
The rationale of the use of BCG as a preventative
vaccine against leprosy rests on the assumption that
cross-reacting antigens exist between M. leprae and
BCG and that, following BCG vaccination, protec-
tive immunity against infection with M. leprae will
develop. Because there are no tests for subclinical M.
leprae infection this hypothesis can only be tested in
relation to clinical leprosy and subjects with sub-
clinical infection cannot be excluded from trials.
Well-controlled trials have shown BCG protection
against clinical leprosy to range from 10% to 80%
and the different levels of protection may be due in
part to previous exposure to M. tuberculosis or
environmental mycobacteria (15, 19, 28). In Karimui
at the time of the trial there was no transmission of
M. tuberculosis and only low levels of infection with
tuberculin-sensitizing environmental mycobacteria
(26). However, not all environmental mycobacteria
cause tuberculin sensitivity (17) and in Karimui, in
1968, cutaneous reactions of > 10 mm to avian
purified-protein derivative (PPD) were present in
6.8% of controls and 19% of BCG recipients, indi-
cating some environmental mycobacterial activity in
the study area.

In addition to the confounding effects from pre-
vious infection with mycobacteria, subject or obser-
ver bias and ineffective vaccination are potential
sources of error. The study population was random-
ized to eliminate bias as far as possible and vacci-
nated subjects were similar to the control group with
regard to age, sex, household exposure to leprosy,
and the village of origin. An independent anthropo-
logical study by Hausfeld (11) confirmed that vacci-
nated and control subjects had been equally exposed
to known leprosy patients at household and com-
munity level. The site of BCG vaccination was not
covered during clinical examination and observer
bias cannot be discounted although this is unlikely
as there were more negative skin biopsies in vac-
cinees (20%) than in controls (8%). Furthermore, all
biopsies were examined without prior knowledge of
vaccination status. The BCG vaccine used in
Karimui induced tuberculin sensitivity comparable
to the International Reference Preparation when
tested by the Danish Tuberculosis Index, but they
detected differences in potency between ampoules in
two of the four batches which gave smaller mean
tuberculin reactions (16.7 + 3.5 mm (SD) and
17.0 + 4.1 mm) than the other two batches
(19.1 + 3.0 mm and 18.4 + 3.3 mm) and the Interna-
tional Reference Preparation (18.4 + 2.9 mm) (16).
Potency of vaccine after exposure to field conditions
was not tested and the ampoule and batch used were
not recorded for each subject. However, the initial

post-vaccination tuberculin sensitivity was satisfac-
tory (24) and 88% of vaccinees received more than
one inoculation while 51% received four inocu-
lations. It is highly improbable that any subject was
ineffectively vaccinated.

The excess mortality in the control subjects
cannot be explained and could introduce bias if sub-
jects who died differed from survivors in their sus-
ceptibility to clinical leprosy, but we know of no
evidence to suggest this. A similar slight but sta-
tistically significant excess mortality occurred in
unvaccinated children aged under two years in the
Uganda trial (13). Immune reactions are largely
responsible for clinical manifestations of leprosy (22)
and the non-specific immune stimulation induced by
BCG can precipitate clinical leprosy in incubating
patients (31, 34) and cause upgrading of established
lesions, especially in indeterminate or borderline
leprosy (7). Stoner (30) suggested that the vaccine
trial results could be confounded by initially higher
incidence rates in the vaccinated population and this
occurred in children in this study. The shortened
time interval between recruitment and diagnosis in
vaccinated subjects, when compared with controls,
occurred only in subjects vaccinated when under five
years old and only in relation to TT leprosy. Further
studies are needed to determine whether BCG
altered the incubation period alone or actually
changed the course of the infection from self-limiting
subclinical infection to manifest disease. In the
interim, caution may be needed in administering
BCG to young children who are known to have had
significant exposure to leprosy.

The delay in measurable protection of children
vaccinated under the age of five years may be due to
BCG-precipitated disease (discussed above) coupled
with the naturally low incidence of leprosy in young
children. Maximum protection was apparent soon
after vaccination in those vaccinated when between
10 and 14 years old, and for each age cohort of sub-
jects vaccinated under the age of 15 years the peak
efficacy of BCG occurred when they were aged from
10 to 14 years which was the age of peak incidence
in the control subjects (Table 3). Prolonging the sur-
veillance period from 12 to 16 years did not alter the
protective effect of BCG in this population but
decreasing protection, unless marked, would not be
recognized because of the small number of cases of
leprosy during the last five years of the trial.

The fall in incidence of leprosy in controls in the
latter part of the trial was probably largely due to
treatment of cases with acedapsone which com-
menced in 1967 (25). However, a similar decrease in
incidence occurred in control subjects during the
Uganda trial, where there was no change in treat-
ment policy and BCG was found to be highly effica-
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cious against leprosy (29), whereas in Burma, where
BCG offered virtually no protection, there was no
change in the incidence of leprosy in controls over a
15-year period (14). Therefore, BCG vaccination may
have contributed to the fall in incidence of leprosy in
control subjects in Karimui.

Immunological tests of delayed hypersensitivity
and cell-mediated immunity have confirmed the
validity of the Ridley-Jopling histological classi-
fication but indeterminate leprosy remains a histo-
logical diagnosis by exclusion in clinically suggestive
cases (21) and may be difficult. Classification accord-
ing to histology could not be established in eight
biopsies, all from cases with clinical indeterminate
leprosy, which was present in 23 vaccinees and 30
controls. It is of interest that all but one of the
unclassifiable biopsies came from the controls.
Although the difference just fails to reach signifi-
cance (P = 0.055), it may reflect an influence of BCG
on the histological evolution of leprosy lesions. The
fall in incidence of BT leprosy following BCG does
not seem to be due to upgrading of BT to TT
leprosy as there is no parallel increase in TT in vac-
cinees (Table 4).

The effects of BCG on the occurrence and mani-
festations of clinical leprosy depend on the overall
change in immune response induced by BCG in the
context of individual immune capability as regards
M. leprae, and individual response to BCG. In
common with other trials of BCG vaccination
against leprosy the Karimui trial was limited to mea-
suring the effect of BCG on the incidence and type of
clinical leprosy. Our results may, however, reflect
effects of BCG on leprosy other than prevention of
infection and may include changes to the natural
history of M. leprae infection in subjects infected
before as well as after BCG vaccination. Currently
BCG is under study not as a solitary agent for the
prevention of leprosy, but as an adjunct to leprosy
vaccines. This is the only major trial carried out in a
tuberculosis-free area and the results add to existing
knowledge of the effects of BCG on clinical leprosy
and reveal some difficulties that may be encountered
in interpreting results of current trials of vaccines
against leprosy.
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Resume

Vaccination BCG et lepre: resultats definitits
de l'essal realise a Karimul, Papouasie-
Nouveile-Guinee, do 1963 A 1979
L'efficacit6 protectrice du vaccin BCG contre la
lepre clinique dans une population indemne de
tuberculose endemique et semblant ne pr6senter
que peu de signes d'infection naturelle par des
mycobacteries sensibilisant a la tuberculine a 6te
evaluee entre 1963 et 1979 dans la region de
Karimui en Papouasie-Nouvelle-Guin6e.

La population 6tudiee, de 5356 personnes, a
ete divisee au hasard en un groupe traite recevant
0,1 ml de vaccin BCG par voie sous-cutan6e et un
groupe temoin recevant une injection de solute
physiologique. En tout, quatre series d'injections
ont ete effectu6es, a un an d'intervalle. On a
recherche les cas de lepre clinique dans la popu-
lation au bout de 12 mois, de 41 mois, puis a inter-
valles d'un an jusqu'a 1979, soit une periode totale
de surveillance de 15,4 ans. Le nombre d'annees
d'observation-sujets entre 1975 et 1979 a ete
estime d'apr6s des donn6es demographiques
prealables. Les enquetes ont couvert au moins
95% de la population, et lors de 1'enquete finale,
on estime que 70% des sujets du groupe vaccine
et 69% des sujets du groupe temoin ont ete exa-
mines. Les sujets presentant des lesions sus-
pectes a l'examen clinique ont fait l'objet d'une
confirmation histologique du diagnostic et du type
de lepre.

L'incidence de la I6pre clinique 6tait de 3,3
pour 1000 annees-sujets dans le groupe vaccine et
6,3 pour 1000 chez les temoins. L'efficacite protec-
trice du BCG 6tait, globalement, de 48% (limites
de confiance a 95%: 34-59%). La protection etait
la meme dans les deux sexes. Les sujets vaccines
avant 15 ans etaient mieux proteg6s (54%) que
ceux vaccines a partir de 15 ans (34%). Toutefois,
pendant les cinq premi6res ann6es de l'etude,
aucune protection n'6tait sensible chez les enfants
vaccines a moins de 5 ans et on observait meme
davantage de cas de lepre chez les sujets de
moins de 5 ans vaccines (9/101) que chez les tg
moins de mime age (2/182). L'effet protecteur du
BCG s'observait principalement sur la lepre bor-
derline tuberculoide (BT) (63%), et sur la lepre
tuberculoide (TT) (37%) alors qu'il n'etait que de
25%, c'est-a-dire non statistiquement significatif,
contre la lepre indeterminee (ID). Le nombre de
cas de lepre l6promateuse (LL), borderline lepro-
mateuse (BL) et borderline (BB) etait insuffisant
pour qu'on puisse en tirer des conclusions. Rien
ne montre que le BCG provoque un passage de la
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lepre borderline tuberculorde ' la lepre
tuberculoide. Toutefois, chez les sujets vaccines a
moins de 5 ans et atteints de lepre par la suite, le
delai moyen entre le recrutement dans l'etude et
le diagnostic etait sensiblement plus court que
chez les temoins du meme age et ce phenomene
ne s'observait qu'avec la lepre tuberculofde. Au
cours de l'etude, 1'efficacite du vaccin n'a pas sen-
siblement diminue, mais l'incidence de la lepre a
baisse dans le groupe temoin et le petit nombre de
cas observes lors des derniers stades de I'etude
aurait de toute fac,on empeche de reconnalftre une
baisse peu importante de l'efficacite du vaccin. Le
traitement de la lepre n'a pu commencer qu'en
1967, date a laquelle tous les cas ont re,u de
l'acedapsone; ce traitement peut avoir contribue a
la chute de l'incidence de la I6pre dans les deux
groupes. Une meilleure protection contre la lepre
a pu etre mise en evidence chez les sujets vac-
cines ayant continue a presenter une sensibilite a
latuberculine, quel que soit le nombre d'inoculations
(lequel influait par ailleurs sur la sensibilite a la
tuberculine). L'effet de la seroconversion naturelle
a la tuberculine n'a pu etre mesure dans cette
population.

Grace a cette etude, il a ete possible
d'evaluer l'effet protecteur du BCG sur la lepre
clinique sans se heurter a des facteurs confon-
dants issus des infections mycobacteriennes natu-
relies. Elle a egalement permis d'observer une
acceleration de I'apparition de la maladie clinique
chez certains jeunes sujets vaccines, qui pourrait
expliquer pourquoi la protection des enfants vac-
cines a moins de 5 ans est plus longue a se mani-
fester. Ces observations sont d'un grand interet en
ce qui concerne l'interpretation des essais de
vaccins antilepreux, notamment si on leur incor-
pore du BCG.
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