
Original Article

Protective role of BCG vaccination against tuberculous
meningitis in Indian children: A reappraisal
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INTRODUCTION
Tuberculous meningitis (TBM) is an important cause of hospital
admissions and permanent neurological disability in Indian chil-
dren. The protective efficacy of the Bacille Calmette–Guerin
(BCG) vaccine—the only one available against tuberculosis—
remains controversial despite its use for over 80 years. The
protective efficacy against tuberculous infection and disease ap-
pears to be minimal or doubtful. However, most studies done in
western countries suggest that the vaccine does offer protection
from the severe, haematogenous forms of the disease such as TBM
or miliary tuberculosis.1–6 The situation in India is more complex
as the problem of exposure to infection is compounded by poor
nutritional status, poor living conditions (such as overcrowding)
and a heavy infective dose from a household contact. Most studies
in Indian children have not examined the interaction between
protection due to vaccination and these confounders.7–11 Also,
there are very few studies on the effect of passage of time on the
protective efficacy of BCG in TBM.10

METHODS
The study was conducted at the Children’s Hospital of King
George Medical University Hospital, Lucknow over a period of
1 year. We used a case–control design to examine the effect of
BCG vaccination on the occurrence of TBM. Children admitted
consecutively to the hospital who satisfied the following diagnos-
tic criteria for TBM (adapted from Ahuja et al.12 and Kumar et
al.13) were prospectively enrolled as cases.

1. Fever for more than 14 days along with vomiting, alteration of
consciousness, convulsions or focal deficit

2. Cerebrospinal fluid (CSF) positive for mycobacterial culture or
acid-fast bacilli (AFB) by staining

3. CSF pleocytosis >20 cells/cmm with raised protein (>50 mg/
dl) and sugar >40% of the concomitant blood sugar

4. CT scan showing 2 or more of the following: (i) exudates in the
basal cisterns/Sylvian fissures; (ii) hydrocephalus; and (iii)
tuberculoma.

TBM was diagnosed if criterion 1 and any of criteria 2, 3 or 4
were present.
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Controls

For each case, two children admitted on the same day who did not
have any neurological symptoms served as controls.

Children enrolled as cases were worked up according to a
predesigned protocol including a detailed history, clinical exami-
nation and investigations. In addition, the following information
was collected for both cases and controls:

1. Demographic information such as age, sex, religion, rural/
urban residence, various socioeconomic (SE) indicators (kutcha
or pucca house, toilet facility, source of drinking water, num-
ber of rooms, family size, occupation of father, monthly family
income, education of father and mother) and SE status as
judged by the Kuppuswamy scale;14

2. Weight, weight for age percentage, presence and grading of
protein–energy malnutrition (according to the Indian Academy
of Paediatrics classification)15 and height for age percentage;

3. Presence of any associated infection or chronic disease, a
history of whooping cough or measles in the past 6 months;

4. Presence of a BCG scar, age at BCG vaccination and time since
vaccination in months; and

5. Presence of a household contact with tuberculosis (defined as
an adult living in the household who was diagnosed to have
tuberculosis or was suffering from fever, cough and loss of
weight for >4 weeks).

The presence of a BCG scar on the left shoulder was noted.
Definitions of pucca and kutcha houses were adopted from
Thilothammal et al.9 Attendants of both cases and controls were
informed about the study and verbal consent was obtained.

The sample size was calculated using the z statistic to compare
proportions of dichotomous variables. Taking a to be 0.05 (2-
tailed), power 0.8 and considering that reported exposure (i.e.
absence of a BCG scar) is present in about 25% of controls with
an expected difference of 20%, the sample size required was 88
cases per group. For a case to control ratio of 1:2, the optimum
sample size came to 88 cases and 176 controls.16

Statistical analysis
The exposure factors were compared between cases and controls
by univariate analysis to get crude odds ratios. Factors with a p
value of <0.1 were entered into a logistic regression model using
the SPSSwin software to get adjusted odds ratios and significant
independent predictors for the occurrence of TBM. Data on age,
nutritional and SE status, household contact and time elapsed
since vaccination were stratified to compute odds ratios for TBM
within each stratum and arrive at significant differences between
strata.

RESULTS
A total of 91 cases and 182 controls were enrolled in the study, of
which 37 cases and 111 controls had a BCG scar. Of the criteria
for the diagnosis of TBM, criterion 3 was present in 81, criterion
4 in 83 and, overall, all 91 cases met criterion 1 and either criterion
3 or 4. Table I compares the cases and controls for various
demographic and predisposing factors. The mean age of the cases
was significantly higher than that of controls, the mean weight and
height for age percentage were significantly lower, and the propor-
tion of cases with household contacts was significantly higher.
Positivity of BCG scar were significantly higher in controls,
giving a crude OR of 0.44 (0.26–0.76) and a protective efficacy of
56%. The odds ratio for developing TBM in the absence of a BCG
scar was 2.28 (1.32–3.94). The mean age at vaccination was

significantly lower in cases while the time elapsed since vaccina-
tion was significantly longer in this group.

Table II shows that except for education of father, all factors of
lower SE status were significantly higher in cases. Of all the
predictor variables entered in the analysis, a positive history of
household contact of tuberculosis had the highest OR for the
occurrence of TBM, i.e. 4.26 (2.26–8.04; Table III). Other signifi-
cant independent predictors were absent BCG scar and a rural
residence.

Table IV shows the stratified analysis of risk factors for TBM
and BCG scar status. Those in the age group <5 years and weight
for age percentage >60 had a higher protection from vaccination.
Protection due to BCG failed to reach significance in the age group
>5 years, if the weight for age percentage was <60, in the presence
of a household contact of tuberculosis and in SE classes III, IV
or V.

DISCUSSION
Most studies from developed countries show a high protective
efficacy of BCG vaccine against TBM.1-6 In studies from India, the
protective efficacy has not been high and the results are conflict-
ing. It has been postulated that other risk factors such as poor
nutrition, low standard of living and exposure to a high infective
dose of the bacilli from a household contact may overcome the

TABLE I. Demographic data and predisposing factors in cases of
tuberculous meningitis (n=91) and controls (n=182)

Factor Cases (%) Controls (%) OR (95% CI) p value

Age (years)
0–1* 42 (46.2) 120 (65.9) – 0.005
3–6* 28 (30.8) 30 (16.5) –
6–9* 9 (9.9) 20 (11) –
9–12* 12 (13.2) 12 (6.6) –
Mean (SD)† 54.0 (37.8) 36.9 (37.7) – <0.0001
in months
Sex
Male* 51 (56) 118 (64.8) 1.45 (0.83–2.51) 0.159
Religion
Hindu* 72 (79.1) 148 (81.3) 1.15 (0.58–2.26) 0.665
Mean (SD) 72.0 (12.2) 81.4 (16.0) – <0.0001
weight for age percentage†
Protein–energy malnutrition
Absent* 21 (23.0) 115 (63.2) –
Grade I* 29 (31.9) 32 (17.6) –
Grade II* 22 (24.2) 19 (10.4) –
Grade III* 14 (15.4) 10 (5.5) – <0.0001
Grade IV* 5 (5.5) 6 (3.3) –
Mean (SD) 87.7 (18.7) 94.0 (10.4) – <0.0001
height for age percentage†
History of illness in past 6 months
Whooping 4 (4.4) 14 (7.7) 0.55 (0.29–1.87) 0.437
cough*
Measles* 14 (15.4) 20 (11.0) 1.47 (0.06–1.69) 0.332
Household 39 (42.9) 30 (16.5) 3.8 (2.06–7.0) <0.0001
contact*
BCG scar 54 (59.3) 71 (39.0) 2.28 (1.32–3.94) 0.001
absent*
Mean (SD) 19.1 (36.2) 36.7 (61.5) – 0.016
age at vaccination (days)†
Mean (SD) 53.4 (37.5) 35.8 (37.5) – <0.0001
time elapsed since vaccination (months)†

* for nominal variables, chi-square test was used
† for continuous variables, 2 sample t-test was used
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TABLE II. Comparison of socioeconomic indicators in cases of tuberculous meningitis (n=91) and
controls (n=182)

Factor Cases (%) Controls (%) OR (95% CI) p value

Rural residence* 64 (70.3) 74 (40.7) 3.45 (1.95–6.17) <0.0001
Kutcha house* 50 (55.0) 47 (25.8) 3.5 (1.99–6.15) <0.0001
No toilet facility* 57 (62.6) 63 (36.6) 3.16 (1.81–5.53) <0.0001
Source of drinking water*
Well 35 (38.5) 26 (14.3) – <0.0001
Handpump 32 (35.2) 50 (27.5) –
Tap 24 (26.4) 106 (58.2) –
Mean (SD) number of rooms† 3.1 (1.6) 4.2 (2.6) – <0.0001
Mean (SD) family size† 6.7 (2.2) 6.3 (4.0) – 0.003
Occupation*
Professional 2 (2.2) 10 (6.0) – <0.0001
Semi-professional 10 (11.0) 25 (13.7) –
Clerical/shopowner/farmer 43 (47.3) 46 (25.3) –
Semiskilled worker 18 (19.8) 52 (28.6) –
Unskilled worker 8 (8.8) –
Mean (SD) monthly family income† 2328 (1660) 4034 (3000) – <0.0001
Education of father*

Illiterate 29 (31.9) 34 (18.7) – 0.110
Primary/middle school 33 (36.3) 66 (36.3) –
High school/intermediate 21 (23.0) 54 (29.7) –
Graduate/postgraduate  7 (7.7) 24 (13.2) –
Professional  1 (1.1)  4 (2.2) –
Education of mother*

Illiterate 70 (76.9) 96 (52.8) – 0.001
Primary/middle school 10 (11) 59 (32.4) –
High school/intermediate 8 (8.8) 17 (9.3) –
Graduate/postgraduate 3 (3.3) 10 (5.5) –
Professional 1 (1.1) 4 (2.2) –
Socioeconomic class (Kuppuswamy Scale)

I (Upper) 0 5 (2.8) – 0.090
II (Upper middle) – 11 (12.0) 41 (22.5) –

III (Lower middle) – 50 (55.0) 78 (42.8) –
IV (Upper lower) – 29 (31.9) 55 (30.2) –
V (Lower) – 1 (1.1) 3 (1.7) –

* for nominal variables, chi-square test was used † for continuous variables 2 sample t-test was used

TABLE IV. Stratified analysis of risk factors for tuberculous meningitis

Factor Cases (n=91) Controls (n=182) OR (95% CI) p value

BCG scar BCG scar BCG scar BCG scar
present (37) absent (54) present (111) absent (71)

Age
<5 years (n=203) 26 37 87 53 0.43 (0.22–0.82) 0.008
>5 years (n=70) 11 17 24 18 0.49 (0.16–1.44) 0.222
Weight for age
<60% (n=35) 10 9 6 10 1.85 (0.39–9.14) 0.579
>60% (n=238) 27 45 105 61 0.35 (0.19–0.65) <0.0001
Positive history of household contact (n=69) 19 20 21 9 0.41 (0.13–1.25) 0.126
Socioeconomic classes* III, IV and V (n=216) 33 47 75 61 0.57 (0.31–1.04) 0.066

* According to Kuppuswamy scale

protective effect of BCG in the Indian population. Few researchers
have studied the effect of these variables. Thilothammal et al.
studied the efficacy of BCG in relation to crowding and nutritional
status. 9 Awasthi and Moin conducted a similar study but did not
study the effect of age, household contact and time elapsed since
vaccination on protective efficacy.11 These authors concluded that
further studies are needed to elucidate the relationship between
BCG vaccination, age, nutritional status and the occurrence of
TBM.11

TABLE III. Results of multivariate analysis of risk factors for
tuberculous meningitis

Factor Adjusted odds ratio 95% CI p value

Absent BCG scar 1.98 1.09–3.57 0.023
Positive history of 4.26 2.26–8.04 <0.0001
household TB contact

Rural residence 2.07 1.02–4.17 0.041

r2=16.75
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The strengths of our study are the prospective enrolment of
children and a standard work-up. Although the best study design
to examine this issue would be a randomized controlled trial, it
requires huge inputs and a long follow up. A case–control design
is appropriate to answer our research question besides being quick
and cost-effective. The criteria for diagnosis of TBM were modi-
fied from Ahuja et al.12 and Kumar et al.13 These criteria incorpo-
rate both CSF and neuroimaging (CT scan) findings, which in our
set-up would differentiate TBM from other similarly presenting
meningo-encephalitides such as bacterial meningitis, viral en-
cephalitis or cerebral malaria. These are the most practical and
widely used methods for differentiating these disorders. CT scan
is recognized as a useful means of differentiating TBM from other
meningo-encephalitides in our set-up.17,18 A CSF sugar >40% of
the concomitant blood sugar would usually differentiate TBM
from bacterial (pyogenic) meningitis. Viral encephalitis, in our
experience, is a self-limiting albeit often severe illness and usually
does not cause fever for >14 days. However, a small degree of
misclassification is still possible and, we believe, almost inevi-
table in such studies.

The presence of a BCG scar on the left shoulder was taken as
surrogate evidence of prior BCG vaccination. In India, where no
record of vaccination is kept by illiterate parents, this is the only
reliable evidence for vaccination. Controls were hospital-based
and were selected if they were admitted on the same day as a case
and did not have any neurological symptoms. Since the cases and
controls were from the same hospital, they were likely to belong
to a similar SE status (usually lower). However, no attempt was
made to match cases and controls. In most earlier studies, con-
founding by age, nutritional and SE status could not be effectively
analysed often due to overmatching of cases and controls with
respect to these variables.7–9 Ours was an unmatched case–control
study; a similar approach was followed by Awasthi and Moin.11

Univariate analysis revealed BCG status, age, nutritional sta-
tus, household contact, age at vaccination, time elapsed since
vaccination and most of the SE indicators shown in Table II to be
significantly related to the occurrence of TBM. The mean age of
cases with TBM was higher than that of controls, probably due to
the lack of matching. The selection of controls was such that their
mean age was lower than that of cases; this may simply reflect the
age pattern of children admitted to our hospital. It may be argued
that the BCG scar fades with time and this may have led to a higher
scar negativity in the cases. However, we believe that scars once
formed do not fade or may fade very slowly over a number of years
and this could only contribute very slightly, if at all, to the
difference in scar positivity. The mean age of cases with TBM was
about 4.5 years. Mittal et al. have also observed that the proportion
of children >5 years of age hospitalized with TBM has progres-
sively increased over the years. Most earlier researchers matched
cases and controls for age, because of which the effect of age could
not be studied.8,9 Awasthi and Moin reported younger age as a
significant predictor of TBM.11 After controlling for the effect of
other variables, age did not remain a significant predictor.

Our study shows a crude OR for TBM given a BCG scar to be
0.44 (0.26–0.76), giving an overall protective efficacy of 56%.
This is lower than the protective efficacy shown by Sharma et al.,7

Zodpey et al.8 and Thilothammal et al.,9 but higher than that
shown by Mittal et al.10 The OR of developing TBM in the
unvaccinated cases was 2.28 (1.32–3.94). On multivariate analy-
sis, an absent BCG scar remained a significant independent
determinant for the occurrence of TBM with an OR of 1.98 (1.09–
3.57), although the level of protection declined. Awasthi and

Moin found that controlling for confounders resulted in lowering
of protective efficacy, and risk reduction of TBM by BCG vacci-
nation could not be proved beyond the accepted limits of chance.11

The most significant independent predictor for the occurrence
of TBM on multivariate analysis was the presence of a household
contact with tuberculosis. A household contact is likely to expose
the child to large doses of tubercle bacilli, leading to TBM. Of the
SE factors, rural residence remained significant on multivariate
analysis. Rural residence in India correlates with a poor standard
of living, overcrowding and unsanitary conditions, leading to an
increased risk of TBM. The latter finding was also reported by
Awasthi and Moin.11

 To further understand the relationship of other predictor vari-
ables such as age, nutritional status, SE status and history of a
household contact with tuberculosis on the protective efficacy of
BCG, we did a stratified analysis. Table IV shows that although
BCG was significantly protective below 5 years of age, the
protection declined to an insignificant level beyond 5 years of age.
This is probably because of the long period that had elapsed since
vaccination. Mittal et al. also did a stratified analysis to study the
effect of age on protective efficacy of BCG against TBM. They
found no overall significant difference in BCG-positive status
between cases and controls. However, in the age group <5 years
the OR for TBM in BCG-positive subjects was 0.36 (0.19–0.70)
while for >5 years it was 2.24 (1.02–4.92). It was concluded by
earlier researchers that BCG vaccine postpones rather than pre-
vents TBM.10 Our results support the suggestion of Mittal et al.
that BCG protects for a limited period only.10 A repeat dose of the
vaccine about 2 years after the initial vaccination should be
advocated to enhance the waning immunity and provide further
protection against TBM.

The protective efficacy of the BCG vaccine also declined to
statistical insignificance in the presence of severe malnutrition, a
positive household contact with tuberculosis and lower SE status
(classes III, IV or V). Although these findings need to be con-
firmed in a larger study, they strengthen the impression of earlier
researchers that other risk factors may overcome the protective
effect of BCG in Indian children.19,20
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