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ABSTRACT

Objectives To assess BCG vaccination and nutritional states in
children with tuberculous meningitis and their relations with the
occurrence of tuberculous meningitis.

Methods A case-control study was conducted at the Division
of Neurology, Department of Child Health, Adam Malik Hospi-
tal, Medan, from January 1997 to December 2000. Subjects of
this study were all tuberculous meningitis patients and primary
tuberculosis patients as the control group. Odds ratio (OR) was
used to assess the risk of tuberculous meningitis in patients
with positive BCG vaccination and (1-OR) was used to assess
the efficacy of BCG to prevent tuberculous meningitis.
Results Four out of sixteen tuberculous meningitis patients were
vaccinated, while 10 of 16 primary tuberculosis patients were vac-
cinated (p=0.03). OR of vaccinated patients to get tuberculous
meningitis was 0.2 (95%CI 0.04;0.91). The efficacy of BCG vacci-
nation to prevent tuberculous meningitis was 1-0.2 = 0.8. The risk
of severe malnourished patients to get tuberculous meningitis was
2.33 (95%CIl 0.52;10.48; p=0.26).

Conclusion Most tuberculous meningitis patients were not BCG
vaccinated. Severe malnutrition did not play role in the occurrence
of this disease [Paediatr Indones 2004;44:12-16].

Keywords: BCG wvaccination, tuberculous meningi-
tis, primary tuberculosis, severe malnutrition

uberculous meningitis (TBM), an inflam-
mation of the meninges, is one of the
complications of primary tuberculosis.
Mostly, the primary site of infection is the
lung.! The incidence of TBM is 1 of 300 primary
tuberculosis patients who were not treated.? It has a
high morbidity, mortality, and poor prognosis. The
incidence of TBM varies based on socioeconomic

state, age, nutritional status, and genetic factors that
influence the immunologic response.l3 Bacille
Calmette-Guerin (BCG) vaccination is one method
to prevent tuberculosis by improving immunity.24 The
efficacy of BCG vaccination in preventing primary
tuberculosis varies from O to 80%.° In a case-control
study in Jakarta, Putrali et al reported the efficacy of
BCG vaccination in preventing all types of
tuberculosis was 34%.7

TBM is one of the severe complications of pri-
mary tuberculosis that occurs by hematogenous
spread.! The immunity provided by BCG has a role
in preventing hematogenous spread but not for di-
rect or lymphogenous spread.’> The Ministry of
Health Republic of Indonesia reported that the cov-
erage of BCG vaccination in 1996/1997 was
99.6%.8 Theoretically, TBM should have been pre-
vented, because basic vaccination program, espe-
cially BCG, was successful.

This study aimed to assess the relation of BCG
vaccination and nutritional status with the occurrence
of tuberculous meningitis.
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Methods

This was a case-control study conducted on all
patients who were diagnosed as having TBM in the
Division of Neurology, Department of Child Health,
Adam Malik Hospital, from January 1997 to December
2000. Data were obtained from medical records
including age, sex, body weight and height, nutriti-
onal status, history of contact with tuberculous adult,
and BCG vaccination status. The primary tubercu-
losis patients were diagnosed in the Division of
Pulmonology, Department of Child Health, Adam
Malik Hospital and assigned as the control group. The
inclusion criterion was all patients with known BCG
vaccination status. Patients suffered from severe extra-
pulmonary tuberculosis were excluded.

TBM patient was defined as a patient with clini-
cal manifestations of meningitis and showed abnor-
malities of cerebrospinal fluid, including pleocytosis
(200-500/ul) with mononuclear predominance, high
protein concentration, and low glucose concentra-
tion less than half of blood glucose level performed
at the same time.!%? Primary tuberculosis was diag-
nosed based on clinical findings, history of contact
to tuberculous adult, result of Mantoux test, and
chest x-ray.!? Positive BCG vaccination status was
defined based on history of vaccination and BCG
scar on right deltoid.!112 The scar was described as
a round, slightly depressed area with irregular edges,
4-7 mm in diameter.!? Close contact was defined as
sharing a same household or other enclosed envi-
ronments with adults known or suspected to have
tuberculosis.!? Severe malnutrition was classified
according to WHO-NCHS and Semiloka
Antropometri Indonesia 1991 i.e., body weight of less
than —3 SD according to body length.!4

The risk of TBM in patients with positive BCG
vaccination status and severe malnutrition were cal-
culated by OR. The efficacy of BCG to prevent TBM
was calculated by 1-OR. Statistical significance was
accepted with confidence level of 95% (p<0.05). Data
were processed with SPSS 10.0 for Windows.

Results

During four years of the study, we found 37 TBM and
41 primary tuberculosis patients. Five of thirty-seven

TBM patients were excluded due to unknown BCG
vaccination status. Nine of forty-one primary
tuberculosis patients were excluded because 6 patients
did not have clear BCG vaccination status and 3
patients suffered from severe extra-pulmonary
complications. Furthermore, we analyzed only thirty-
two patients in two groups, because 16 in each group
were matched.

Table 1 shows the characteristics of patients in
each group including the distributions of sex, age, body
weight, and history of contact with tuberculous adult,
which were not significantly different between TBM
and primary tuberculosis (p=0.71, 0.19,0.72, and 0.67
respectively). Table 2 shows the role of BCG vacci-
nation status in the occurrence of TBM. Four out of
sixteen TBM patients were vaccinated, whereas 10
of 16 primary tuberculosis patients were vaccinated
(p=0.03). The vaccinated patients had a risk to suf-
fer from TBM 0.2 (95%CI 0.04;0.91), so that efficacy
of BCG to prevent TBM is 1-0.2=0.8 (95%CI
0.09;0.96). Table 3 shows that most TBM patients
also suffered from severe malnutrition but this was
not statistically significant (p=0.26). The risk of se-
vere malnourished children to suffer from TBM was

2.33 (95%CI 0.52;10.48).

TaBLE 1. CHARACTERISTICS OF TUBERCULOUS MENINGITIS
AND PRIMARY TUBERCULOSIS PATIENTS

Characteristics Tuberculous Primary

meningitis tuberculosis
Number of patients 16 16
Sex
Male 10 11
Female 6
History of contact
Positive 12 13
Negative
Body weight (kg)
Mean (SD) 9.6 (3.5) 11.5 (4.4)
Age (months)
Mean (SD) 36 (29) 32 (27)

TaBLE 2. THE ROLE oF BCG VACCINATION IN THE
OCCURRENCE OF TUBERCULOUS MENINGITIS

BCG vaccination Tuberculous Primary Total
meningitis tuberculosis

Yes 4 10 14

No 12 6 18

Total 16 16 32

X2=457 di=1 p=0.03 OR=0.2 (95%Cl 0.04;0.91)
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TaBLE 3. THE ROLE OF SEVERE MALNUTRITION IN THE
OCCURRENCE OF TUBERCULOUS MENINGITIS

Severe Tuberculous Primary
malnutrition meningitis tuberculosis  Total
Yes 7 4 1
No 9 12 21
Total 16 16 32
X2=1.25 df=1 p=0.26 OR=2.33 (95%Cl 0.52;10.48)

Discussion

TBM is the most dangerous form of primary
tuberculosis complications! with high morbidity,
mortality and poor prognosis.l* In the United States,
TBM was the most common form of extrapulmonary
tuberculosis in 1997, Center for Disease Control
(CDC) had reported that TBM accounted for 5.2%
of all cases of exclusively extrapulmonary disease and
0.7% of all reported cases of tuberculosis. The
developing country has 1.3 million cases of
tuberculosis and 40,000 tuberculosis-related deaths
annually among children younger than 15 years. TBM
is found in approximately 1 of every 300 untreated
primary tuberculosis.?

TBM affects all ages especially in the first five
years of life. It is uncommon in children younger than
6 months and almost unusual in infants younger than
3 months.!415 The natural history of tuberculous in-
fection can explain the incidence of TBM in this age.
TBM occurs 6-12 months after primary infection and
in 75% of cases, after 6 months of primary infection.!6
In this study, we did not find any patients younger
than 6 months old. Most children were younger than
5 years. The mean age of the TBM group was older
than that of the primary tuberculosis group, but this
difference was not statistically significance (p=0.72).

History of contact with tuberculous adult is a con-
tributing factor for diagnosing TBM and primary tu-
berculosis. 44 We found history of contact with tuber-
culous adult in 75% of TBM and 81% of primary tu-
berculosis patients. Kumar!? found history of contact
in 42% of TBM patients, while Molavi!® found 20-30%.
Sanchez-Albisua had studied pulmonary tuberculosis
during 2 decades (1978-1987 and 1988-1997) and they
found that most of the source of infection in children
was adult with tuberculosis, which accounted for 67.1%
in the first decade and 58.3% in the second.!8

Willingham found history of contact in 30% of patients
with positive culture and hospital transmission was one
of the source of infections.!” Saiman found that 24% of
tuberculosis infections had history of contact.Z0
Martinez-Gonzales found 15 of 47 extra-pulmonary
tuberculosis had history of contact, with OR=46.11
(95%CI 5.88;97.94 and p<0.001).2! We found history
of contact more than that of the previous studies, which
showed the high prevalence of tuberculosis infection
in Medan. International report from WHO showed that
Indonesia contributed the third most tuberculosis in-
fections in the world after China and India.??

Nutritional status has role in TBM occurrence.
Severe malnutrition leads to decline of immunologic
responses.! In protein and calorie malnutrition, there
are atrophy in thymus and lymphoid tissue and decrease
of lymphocyte cell responses.?* Thus, tuberculosis in-
fection accompanied with severe malnutrition verifies
the decrease of T-lymphocyte responses. In this study,
the OR of TBM in severe malnutrition children was
2.33 (95%CI 0.52;10.48), but it was not statistically
significant (p=0.26). Studies in India reported severe
malnutrition in tuberculosis patients and there was a
significant relationship between severe tuberculosis and
severe malnutrition.?? Unfortunately, our study did not
show any roles of nutritional status in the occurrence
of TBM, maybe because of the small number of sub-
jects in this study.

There is a relationship between TBM and BCG
vaccination status. The efficacy of BCG vaccination
to prevent TBM in this study was 0.8. A study in Thai-
land revealed that the efficacy of BCG to prevent
TBM was 0.64 (95%CI 0.3;0.82) and for all tubercu-
losis infections, was 0.74 (95%CI 0.62;0.83),> while
in Sao Paulo were 84.5% and 80.2%, respectively.2>
A study reported that the efficacy of BCG vaccina-
tion to prevent severe extra-pulmonary tuberculosis
was 0.78 (95%CI 0.46;0.91) with OR=0.22 (95%CI
0.09;0.54).2! Our study and previous studies showed
that the efficacy of BCG vaccination in preventing
TBM was more than 70%. BCG vaccination aims to
transform a virulence to non-virulence infections, but
the cellular immunity activation still occurs.2® Tuber-
culosis infection in BCG vaccinated children leads to
proliferation, differentiation, and activation of mac-
rophage as well as cytokine released by memory T-
lymphocyte.?” Cytokines improve macrophages abil-
ity in killing M. tuberculosis. Cytokines can inhibit
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bacterial growth and macrophage immobilization.
Thus, hematogenous spread can be prevented.2¢

Four of sixteen TBM patients in this study had
been BCG vaccinated, but they still suffered from
TBM. This might occur because BCG vaccination has
role especially in preventing hematogenous spread, but
not for locally lymphogenous and direct spreads. Some
other factors that influence the occurrence of TBM
include nutritional status, age at onset of infection,
and socioeconomic status. Tuberculosis infection in
older age and improved nutritional status can decrease
the risk of TBM. A study in India concluded that BCG
vaccination was useful to prevent severe tuberculosis
in children with good socioeconomic and nutritional
status.?? Unfortunately, we did not have socioeco-
nomic data of all patients.

As a conclusion, most TBM patients had not
been BCG vaccinated. Severe malnutrition did not
influence the occurrence of TBM.
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