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The effect of the bacillus Calmette-Gue-
rin (BCG) vaccine on mycobacterial dis-
eases is still controversial despite the fact
that it is one of the most widely used vac-
cines (*). Major field trials in Africa and
elsewhere have failed to produce consistent
results on the protection by BCG against
leprosy and tuberculosis ('*). A controlled
trial undertaken in Uganda indicated 80%
protection by BCG against tuberculoid lep-
rosy (*°). In Malawi ('*), BCG has been found
to impart 49% protection against pauciba-
cillary leprosy and 84% protection against
multibacillary leprosy. A household contact
study in Togo (*?) and a case-control study
undertaken in Cameroon (%) both detected
approximately 60% protection against tu-
berculosis. The study undertaken in Malawi
failed to detect any protection of BCG
against tuberculosis ('*). Studies from other
parts of the world have produced varying
results, ranging from 20% to 60% against
leprosy and O to 80% against tuberculosis
(#:1917), Only in South India (**) and Malawi
(**) has the effectiveness of BCG been stud-
ied simultaneously against tuberculosis and
leprosy in the same population. In both
populations higher protection was found
against leprosy than against tuberculosis.
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Despite all of the controversies and the
difficulties of demonstrating the impact of
BCG at a population level, BCG is still giv-
en routinely to millions of children in de-
veloping countries, with the belief that it is
preventing large numbers of cases of tuber-
culosis (or leprosy). It is important to assess
the actual effect of this program on disease
incidence.

In this paper we report the findings of a
case-control study designed to measure the
protective efficacy of BCG against tuber-
culosis and leprosy in Western Kenya.

MATERIALS AND METHODS

The study was undertaken in four dis-
tricts of western Kenya known to be endem-
ic for both leprosy and tuberculosis: Busia,
Siaya, Kisumu and South Nyanza (> '?). The
estimated population in the study area in
1989 was 3.3 million (?), of whom 54% were
younger than 15 years of age and 51% were
females. Leprosy and tuberculosis control is
coordinated in the study area by the Na-
tional Leprosy and Tuberculosis Control
Program (NLTP), an integrated control pro-
gram run by the Kenya Ministry of Health.
The programs are based on passive case
finding and treatment.

BCG was introduced into the study area
in 1962 with mass vaccination campaigns
concentrating on schools and market places.
The official target population was children
under 16 years of age (*'-**). After the initial
phase, which lasted almost 10 years, the
BCG program was handed over to maternal
and child health (MCH) welfare programs
in 1972, and newborns and children less
than 5 years old continued to receive BCG
from MCH. In 1984, BCG was taken over
by the Kenya Expanded Program on Im-
munization (KEPI), which now administers
BCG vaccine to newborns and to children
less than 5 years old (¥*).
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As far as is known, most of the BCG used
in the study area was Glaxo (freeze-dried).
The recommended dosages were 0.05 ml for
children less than 1 year old and 0.1 ml for
children older than 1 year (0.1 ml = ap-
proximately 1.6 x 10°¢ viable particles). The
vaccine was injected intradermally into the
lateral aspect of the left upper forearm, just
lateral to the antecubital fossa.

For the purposes of this study, a leprosy
case was defined as ““a newly diagnosed, pre-
viously untreated, paucibacillary or multi-
bacillary case with bacteriological and/or
histopathological evidence of leprosy, aged
between 0—65 years, resident in Busia, Siaya,
Kisumu or South Nyanza districts, and di-
agnosed/registered for treatment after 1
April 1989.” Neural leprosy cases were ex-
cluded from the study.

A tuberculosis case was defined as ““a per-
son newly diagnosed clinically and/or bac-
teriologically as having pulmonary tuber-
culosis within the health facilities and
residents of Busia, Siaya, Kisumu and South
Nyanza districts after 1 July 1989, and aged
between 15-44 years.”

Leprosy cases self-reported to the health
units (dispensaries, health centers or district
hospitals). Potential cases were recruited into
the study at the time of registration or at
first contact with the national control pro-
gram. All of the identified cases were ex-
amined by the principal investigator (PAO)
or one of the field officers (medical assistants
specialized in tuberculosis and leprosy). The
cases were then classified clinically accord-
ing to the Ridley-Jopling scale, i.e., polar
tuberculoid (TT), borderline tuberculoid
(BT), borderline borderline (BB), borderline
lepromatous (BL), and polar lepromatous
(LL). These cases were also subcategorized
by diagnostic certainty according to pre-
determined guidelines. Cases were subclas-
sified clinically as “certainly” leprosy, “most
likely” leprosy or ‘“‘possibly™ leprosy. Each
case had a skin biopsy taken and sent to one
of us (SBL) for histopathological examina-
tion. The interpretation of the skin biopsy
was done according to guidelines developed
in Malawi (°).

Tuberculosis cases were self-reporting pa-
tients who had initially been identified by
the control program and whose sputum was
positive by direct microscopy. Another spu-
tum sample was collected and sent to the
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reference laboratory in Nairobi for repeat
direct examination and culture. At the ref-
erence laboratory, direct microscopy was
done using the auramine-phenol technique
and reported as “‘negative,” “scantly posi-
tive,” “‘moderately positive” or ‘“‘heavily
positive.” The same sputa were cultured and
the results reported within 6—-8 weeks as
“negative,” ‘‘contaminated,” ‘‘scanty,”
“moderately positive” or “heavily posi-
tive.” The identification of culture isolates
as Mycobacterium tuberculosis also was done
at the reference laboratory.

Controls were selected by identifying and
examining inhabitants of households near
that of the case. The principal investigator
(PAO) or field officers canvassed the neigh-
borhood of cases following predetermined
rules until appropriate age- and sex-matched
controls were identified. Once a potential
control was identified, the purpose of the
study was explained to him or her. If s/he
agreed to participate, s’he was then exam-
ined to rule out tuberculosis or leprosy. Any
potential control who appeared to have lep-
rosy was excluded as a control for the lep-
rosy study (one control was excluded on this
basis). Any control with a history of chronic
cough was excluded as a control for tuber-
culosis.

All cases and controls were examined for
the presence of a BCG scar and questioned
about socioeconomic characteristics, such
as type of house, housechold items, occu-
pation, land ownership, distance from the
nearest health unit, crops grown by the fam-
ily, and level of education of the head of the
household and the respondent.

Exposure to BCG was ascertained ini-
tially by the principal investigator or one of
the field officers who were blind neither to
the study hypothesis nor to the case or con-
trol status. BCG scars were later read in-
denendently by field assistants (paramedical
health workers) trained in the reading of
BCG scars. Evidence of a BCG scar was
recorded as present, absent, doubtful or un-
known. Field assistants were kept blind to
the study hypothesis throughout the dura-
tion of the study. An effort was also made
to keep them blind to the case or control
status of the study subjects by involving
them in the collection of information on
smallpox scars, collection and examination
of urine on the spot using chemical strips
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TABLE 1. Distribution by age and sex of
leprosy cases and controls admitted into the
BCG vaccine efficacy study.

Cases Controls
Age
(yr)  Males Fe- Total Males Fe- ot
males males
5-14 8 4 12 23 16 39
15-24 11 8 19 38 30 68
25-34 4 6 10 11 25 36
3544 23 12 35 40 59 99
Total 37 32 69 110 128 238

(URISTIX, Emmes, U.K.), and collection
and parasitological examination of stools.
The largest transverse diameter of any scar
was measured and recorded in millimeters.

Data analysis was conducted using Sta-
tistical Analysis System (SAS) computer
software (SAS Institute, Inc., Cary, North
Carolina, U.S.A., 1985), and EGRET (SER-
EC, Seattle, Washington, U.S.A.). Condi-
tional likelihood estimates (CMLE) and their
95% confidence intervals were transformed
into disease exposure odds ratios and con-
fidence limits.

RESULTS

Of 182 potential leprosy cases ascertained
by the routine leprosy control program, 132
were enrolled into the study. Of these cases,

N
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131 were biopsied; 42 (32%) had skin smears
taken (by the control program). Of the 132
total cases, three who satisfied both clinical
and histopathological criteria were excluded
from the study because suitable controls
could not be identified for them. This left
129 leprosy cases for whom 384 controls
were identified. The major analysis was re-
stricted to those who were 44 years of age
or younger since older individuals were born
too early to have been included in the BCG
programs. The distribution of the 69 leprosy
cases and 238 controls included in these
analyses is shown in Table 1; the distribu-
tion of BCG scars among the cases and con-
trols is shown in Table 2.

Among the 144 eligible tuberculosis cases,
13 (9%) did not have sputum sent to the
reference laboratory for logistic reasons, and
11 (7.6%) were both microscopy and culture
negative at the reference laboratory. A cer-
tainty group subclassification was estab-
lished to define ““certain™ tuberculosis (those
who were repeat smear and/or culture pos-
itive) and ““possible” tuberculosis (those who
were negative to repeat smear or culture,
and those who did not have sputum sent to
the central laboratory). A further 15 cases
had to be excluded since they could not be
found by field assistants. Following these
criteria, there were 119 ““certain” and 25
“possible” tuberculosis cases included in the
analysis (Table 3). The distribution of BCG

TABLE 2. Distribution of BCG scars by age and sex among leprosy cases and controls.?

Age Cases Controls

(yr) +ve -ve + Total +ve —ve + Total

Certain leprosy 52 0.16 84% (65, 93)

Possible/most

likely/ nonspecific 17 0.41 59% (—58, 89)

remales

5-14 2 2 0 4 10 4 1 15
15-24 3 6 0 9 22 6 1 29
25-34 0 7 0 7 17 6 0 23
3544 1 10 1 12 14 44 3 61
Total 6 25 1 32 63 60 5 128

(19%) (78%) (3%) (100%) (49%) (47%) (4%) (100%)

» +ve = BCG scar present; —ve = BCG scar absent; = = BCG scar doubtful.
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TABLE 3. Age and sex distribution of tu-
berculosis cases and controls.

Cases Controls
Age =
On Males ' Total Males 'S Total
males males
10-19 5 12 17 18 42 60
20-29 35 27 62 109 75 184
30-39 28 21 49 80 67 147
40-49 9 7 16 24 17 41
Total 77 67 144 231 201 432

scar status among tuberculosis cases and
controls is shown in Table 4.

In order to take matching of controls and
additional potential confounding into ac-
count, multiple conditional logistic regres-
sion was performed. The estimated vaccine
efficacy of BCG against leprosy is shown in
Table 5; against tuberculosis in Table 6. The
overall protective efficacy of BCG against
leprosy was found to be 81% and highly
statistically significant (95% CI = 67, 80)
with some evidence (not statistically signif-
icant) for higher efficacy among older in-
dividuals and among females. Among tu-
berculosis cases, the point estimate overall
vaccine efficacy was found to be 22%, but
this was not statistically significantly greater
than zero (95% CI = —20, 51). This esti-
mated vaccine efficacy appeared to have no
age or sex trend.
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TABLE 5. Protective efficacy of BCG vac-
cination against leprosy calculated from
matched-set case-control analysis by age and
sex.

Age Matched

OR® YEb 95% CI
(yr) sets
Males
5-24 20 0.56 44% (—66, 82)
25-44 17 0.30 70% 27, 87)
Total 37 0.31 69% (26, 87)
Females
5-24 14 0.21 79% (15, 95)
25-44 18 0.11 89% (67, 96)
Total 32 0.12 88% (66, 96)
Both sexes
5~24 34 0.37 63% (12, 84)
25-44 38 0.09 91% (69, 97)
Total 69 0.19 81% (67, 90)

* OR = Odds ratio.
® VE = Vaccine efficacy.

Table 7 shows BCG vaccine efficacy
against leprosy separated by histopatholog-
ical classification and diagnostic certainty.
The vaccine appeared to give similar pro-
tection against all clinical forms of the dis-
ease. When cases were classified into two
broad categories of paucibacillary (TT +
BT), and multibacillary leprosy (BB + BL
+ LL), the protective effects were 83% (95%

TABLE 4. Distribution of BCG scar status by age and sex among tuberculosis cases and

controls.®

Age Cases Controls
(yr) +ve —ve + U Total +ve —-ve + U Total
Males
10-19 2 1 0 2 5 14 3 1 0 18
20-29 19 12 0 4 35 78 28 3 0 109
30-39 18 6 0 4 28 60 19 1 0 80
4049 0 6 0 3 9 11 11 2 0 24
Total 39 25 0 13 77 163 61 T 0 231
(51%) (32%) (0%) (17%) (100%) (71%)  (26%)  (3%) — (100%)
Females
10-19 5 7 0 0 12 32 7 3 0 42
20-29 20 4 1 2 27 53 22 2 0 75
30-39 10 11 0 0 21 27 39 1 0 67
4049 0 7 0 0 7 1 16 0 0 17
Total 35 29 1 2 67 113 84 6 0 201
(52%) (43%) (2%) (3%) (100%) (56%)  (42%) (3%) — (100%)

» +ve = BCG scar present; —ve = BCG scar absent; = = BCG scar doubtful; U = BCG scar status unknown.
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TABLE 6. Protective efficacy of BCG
against tuberculosis calculated from

matched-set case-control analysis by age and
sex.
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TABLE 8. Protective effect of BCG vacci-
nation against tuberculosis calculated from
matched-set case-control analysis adjusting
Jfor diagnostic certainty.

Age Matched

OR® VE" 95% Cl1
(yr) sets
Males
10-29 34 0.67 32% (—58,71)
> 29 28 0.44 56% (—43, 86)
Total 62 0.69 31% (—31, 64)
Females

10-29 36 0.60 40% (—44,75)
> 29 28 0.89 11% (—78,57)
Total 64 0.87 13% (—63, 53)

Both sexes
10-29 70 0.63 37% (—10, 65)
> 29 56 0.78 22% (=75, 65)
Total 126 0.78 22% (—20,51)

» OR = Qdds ratio.
®* VE = Vaccine efficacy.

CI = 85, 92) and 76% (95% CI = 30, 91),
respectively, suggesting that BCG was
equally protective against paucibacillary and
multibacillary leprosy. Higher efficacy (84%)
was noted against “certain” than against
“most likely/possible/unknown” disease
(59%). ’

Table 8 shows vaccine efficacy estimates
against tuberculosis when broken down by
diagnostic certainty. Surprisingly, although
the estimates were not statistically different,

Tuber-

culosis Mathed . vEr 950 I
: : sets
diagnosis
Certain 97 0.87 13% (—42,47)
Possible 22 0.41 58% (—37,87)

* OR = QOdds ratio.
* VE = Vaccine efficacy.

a lower protective effect was found against
the ““certain” than against the “possible”
category.

DISCUSSION

The results presented here are based on
a case-control design with self-presenting
leprosy and tuberculosis cases and age-, sex-
and neighborhood-matched controls. There
was no active case detection in the study
area, thus cases in this investigation were
representative of those seen within the con-
trol program.

This investigation provides evidence that
BCG gives stronger protection against lep-
rosy than against tuberculosis in this area
of western Kenya. This is consistent with
findings in other areas where BCG efficacy
against tuberculosis and leprosy have been
evaluated concurrently. In South India (??)
the protective efficacy was found to be 0%
and 23% for tuberculosis and leprosy, re-

TABLE 7. Protective efficacy of BCG against leprosy calculated from matched-set case-
control analysis adjusting for histopathological classification and diagnostic certainty.

Maiched OR® VE" 95% CI
sets
Leprosy type
TT 16 0.35 65% (—24, 90)
BT 29 0.10 90% (63, 97)
BB/BL 18 0.29 71% (14,91)
LL 6 0.36 64% (—232, 96)
PB¢ 43 0.17 83% (58, 92)
MB* 24 0.24 76% (30, 91)
Diagnostic certainty category
Certain leprosy 52 0.16 84% (65, 93)
Possible/most
likely/ nonspecific 17 0.41 59% (—58, 89)

* OR = Odds ratio.

* VE = Vaccine efficacy.

¢ PB = Paucibacillary leprosy.
¢ MB = Multibacillary leprosy.
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spectively. In Malawi (7-'%) the protection
was found to be 0% and above 50% for tu-
berculosis and leprosy, respectively. Esti-
mates of BCG protection obtained in the
present study were 22% for tuberculosis and
81% for leprosy.

This difference is unlikely to be due to
methodological errors for several reasons:
a) BCG scar status was assessed by field
assistants who were purposely kept blind of
the case or control status, and the study hy-
pothesis. This should have minimized any
potential information bias, and b) we took
precautions in ensuring the accuracy of di-
agnoses. Since it is widely recognized that
the diagnosis of leprosy is difficult, strict
criteria were developed for the diagnosis of
leprosy in the field, and also histopatholog-
ically. Cases of childhood tuberculosis were
not included in this study.

Another possible source of error is the
misclassification of BCG scars (° '®). Inas-
much as BCG may not leave a scar or a scar
may be missed on examination, random or
nonrandom misclassification could be in-
troduced into the study. In Kenya (%) it was
found in one KEPI survey that 5% of the
children who had received vaccination at
birth did not have BCG scars 20 months
later. An independent study to estimate the
sensitivity and specificity for BCG scar
reading in the context of the present inves-
tigation detected that 14% of the children
who had documented evidence of prior BCG
vaccination did not have BCG scars on ex-
amination. This implies a nondifferential
misclassification, which would have low-
ered the estimated protective effect. The
sensitivity and specificity of BCG scar read-
ing in this study were estimated to be 86.4%
and 97.4%, respectively. Fine, et al. (°) have
noted from their work in Malawi that a sen-
sitivity of 90% and specificity of 90% would
lead to about 1 1% underestimation of a vac-
cine’s efficacy. Since vaccine efficacy de-
pends mainly upon the specificity of BCG
scar reading ('®), the “‘true” efficacy may
have been underestimated in this study by
about 5%.

The protective efficacy of BCG versus
leprosy in the study population was found
to be high. The protective efficacy was found
to be higher against borderline leprosy than
against polar forms of leprosy, but did not
differ between multibacillary and pauciba-
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cillary disease. Protection against the mul-
tibacillary form of leprosy also has been
found in several studies (‘% ' 14-23) and has
significant public health implications be-
cause multibacillary disease is thought to be
a major source for the spread of M. leprae
in the community.

This study detected a nonsignificant 22%
protective effect of BCG against tubercu-
losis. While the finding was consistent with
estimates obtained from some parts of the
world ('3 '6-18.19) it differs from studies in
West Africa (> 2?) which detected 60% pro-
tection.

Among the possible explanations for the
low protective efficacy of BCG against tu-
berculosis obtained in this study are: a)
overmatching on some socioeconomic vari-
ables which were associated strongly with
BCG exposure, which could have existed
and were not measured; b) the existence of
atypical mycobacteria in the study area
which would have lowered the observable
protective efficacy (7) and/or ¢) a prepon-
derance of exogenous reinfection tubercu-
losis against which BCG may be able to play
only a minor role.

We emphasize that the vaccine effects
identified in this study reflect effects against
passively ascertained disease, which tends
to be more advanced than disease identified
in active case-detection surveys. Consider-
ing our results by classification and diag-
nostic certainty (Table 7), there is evidence
for strong protection against BT disease, as
noted in New Guinea ('), but little evidence
for a general shift of the disease from mul-
tibacillary to paucibacillary and indeter-
minate forms as observed in South India
M.

There is some evidence from this study,
and from Malawi ('*), of an inverse rela-
tionship between BCG protection against
tuberculosis and against leprosy. Therefore,
it would be prudent to conduct further case-
control studies in situations similar to ours
in order to determine the regional variabil-
ity and other determinants of BCG’s effects.

SUMMARY

A case-control study was carried out in
western Kenya to measure the protection
imparted by BCG against leprosy and tu-
berculosis. The study involved 69 newly di-
agnosed leprosy cases, 238 age-, sex- and
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neighborhood-matched controls, and 144
newly diagnosed, sputum-smear-positive
tuberculosis cases along with 432 age-, sex-
and neighborhood-matched controls. Infor-
mation on BCG vaccination history was in-
ferred from scars. Using matched analysis,
the protection imparted by BCG against
leprosy was estimated to be 81% [95% con-
fidence interval (CI) = 67-90] with no ap-
parent difference in protection against pau-
cibacillary [vaccine efficacy (VE) = 83%,
95% CI = 58-92] and multibacillary leprosy
(VE = 76%; 95% CI = 30-91). The effec-
tiveness against tuberculosis was apprecia-
bly lower (VE = 22%) and was not statis-
tically significant (95% CI = —20-51).

RESUMEN

Se realiz6 un estudio en Kenia occidental para medir
la proteccion conferida por el BCG contra la lepray la
tuberculosis. El estudio involucré 69 casos de lepra
recién diagnosticados y 238 controles sanos apareados
en cuanto a edad, sexo y residencia, ademas de 144
pacientes con tuberculosis de reciente diagnostico (con
baciloscopias positivas) y 432 controles sanos aparea-
dos también por edad, sexo y residencia.

La informacion sobre la vacunacion previa con BCG
se infirié de la presencia de cicatrices. Usando analisis
apareados se calculdé que la proteccion conferida por
el BCG contra la lepra fue del 81% [intervalo de con-
fianza al 95% (CI) = 67-90], sin diferencias aparentes
en la proteccion contra la lepra paucibacilar [eficiencia
de la vacuna (VE) = 83%; CI al 95% = 58-92] y la
lepra multibacilar (VE = 76%; CI al 95% = 30-91).
La efectividad contra la tuberculosis fue apreciable-
mente menor (VE = 22%) y no fue estadisticamente
significativa (CI al 95% = —20-51).

RESUME

Une étude cas-témoins a été réalisée dans 'Ouest du
Kenya dans le but de mesurer la protection apportée
par le BCG vis-a-vis de la 1épre et de la tuberculose.
L'étude comprenait 69 cas de 1épre nouvellement diag-
nostiqués, 238 témoins appariés pour I'age, le sexe et
le voisinage, ainsi que 144 cas de tuberculose nouvel-
lement diagnostiqués, positifs 4 I'examen direct et 432
témoins appariés pour I'age, le sexe et le voisinage. Les
antécedents de vaccination par le BCG ont été déduits
de la présence ou non de cicatrices. Sur base de tests
pairés, on a estimé la protection apportée par le BCG
vis-a-vis de la lépre a 81 % [intervalle de confiance a
95 % (IC): 67-90), sans difference apparente dans la
protection vis-a-vis de la lépre paucibacillaire [effica-
cité vaccinale (EV) = 83%; IC a 95% = 58-92] et la
I¢pre multibacillaire (EV = 76%; IC a 95% = 30-91].
L’efficacité vis-a-vis de la tuberculose était notable-
ment plus basse (EV = 22%) et non statistiquement
significative (IC a 95% = —20-51).
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