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Abstract
Background Tuberculosis  (TB) and cigarette consumption are 
relatively high in Indonesia. Passive smoking may increase the 
risk of infection and disease in adults and children exposed to 
TB. An association between passive smoking and Mycobacterium
tuberculosis infection in children has not been well documented.
Objective To assess for an association between passive smoking 
and M. tuberculosis infection in children who had household 
contact with a TB patient. 
Methods This cross-sectional study was conducted in February 
and March 2011. Children aged 5 to 18 years who had household 
contact with a TB patient underwent tuberculin testing for M.
tuberculosis infection. Subjects were divided into two groups: those 
exposed to passive smoke and those not exposed to passive smoke. 
Chi-square test was used to assess for an association between 
passive smoking and M. tuberculosis infection.
Results There were 140 children enrolled in this study, with 70 
exposed to passive smoke and 70 not exposed to passive smoke.
Prevalence of M. tuberculosis infection was significantly higher in 
the passive smoking group than in those not exposed to passive 
smoke [81.4% and 52.9%, respectively, (P= 0.0001)]. In the 
passive smoking group there were significant associations between 
nutritional state, paternal and maternal education, and M. 
tuberculosis infection. But no associations were found between M.
tuberculosis infection and familial income or BCG vaccination. 
Conclusion Among children who had household contact with a 
TB patient, they who exposed to passive smoke are more likely to 
have M. tuberculosis infection compared to they who not exposed 
to passive smoke. [Paediatr Indones. 2015;55:29-34.].
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Tuberculosis (TB) remains a worldwide, 
public health problem. An estimated 
one-third of the world’s population is 
infected with Mycobacterium tuberculosis.1 In 

developing countries, TB in children under 15 years 
of age accounts for 15% of all TB cases, however, 
in developed countries, the prevalence decreases to 
below 5 to 7%.2

Tuberculosis in children requires a different 
approach than adult TB,2 with regards to diagnosis, 
treatment, prevention, and human immunodeficiency 
virus (HIV) status. Diagnosing pediatric TB is difficult, 
largely due to the non-specific clinical manifestations 
of the disease in children.3,4 Nonetheless, the 
tuberculin test is often used to detect M. tuberculosis
infection in children.4,5

Passive smoking is a widespread and avoidable 
risk factor for respiratory symptoms in both children 
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and adults.6 Passive smoking is associated with 
M. tuberculosis infection in children living in a 
household with a tuberculosis patient.7-9 Tuberculosis 
and smoking are both significant public health 
problems. An association between passive smoking 
and M.tuberculosis infection in children is not well-
documented.7 The objective of this study was to 
examine the potential association between passive 
smoking and M. tuberculosis infection in children living 
in households with a tuberculosis patient.

Methods

A cross-sectional study was conducted in Medan 
in February and March 2011.  Children aged 5 to 
18 years who had household contact with an adult 
tuberculosis patient were included in this study. 
Uncooperative children as well as patients with an 
immunocompromised status (malnutrition, HIV 
infection, malignancy, morbilli, pertussis, varicella, 
and long-term immunosuppressant use) and history 
of atopy were excluded.

Subjects were divided into two groups, those 
exposed to passive smoke and those not exposed to 
passive smoke, with 70 children in each group. We 
recorded the baseline characteristics of subjects and 
the information obtained from questionnaires filled by 
parents. Tuberculin test was performed on all subjects, 
with 0.1 ml of 2TU PPD RT 23 solution intradermally 
on the volar surface of the left forearm. The induration 
was measured after 48 to 72 hours. Tuberculin test 

10 mm. We considered positive tuberculin skin tests 
to be indicative of TB infection.

This study was approved by the Research 
Ethics Committee of the Faculty of Medicine at the 
University of Sumatera Utara. Chi-square test was 
used to evaluate the relationship between passive 
smoking and M. tuberculosis infection, with SPSS 
software version 15.0. The significance level was 
accepted as P<0.05.

Results

Of the 242 children who had household contact 
with adult pulmonary tuberculosis patients, 142 were 

eligible for the study. The children were divided into 
two groups: 72 children exposed to passive smoke and 
70 not exposed to passive smoke. In the passive smoke 
group, two children were excluded because their 
tuberculin tests were not read within 48 to 72 hours 
after test administration. Hence, 140 children were 
included in the study, with 70 subjects per group.

Demographic characteristics were similar 
between the groups (Table 1). The mean ages were 9.2 
years and 10.5 years in those exposed and not exposed 
to passive smoke, respectively. Mean weights were 26.4 
kg and 32.4 kg, and mean heights were 127.1 cm and 
132.8 cm, in those exposed and not exposed to passive 
smoke, respectively. The majority of subjects had good 
nutritional status. There were 4 children with obesity 
in the passive smoke group (5.7%).  Most children in 
both groups had received BCG immunizations.

The occurence of M. tuberculosis infection 
was significantly higher in those exposed to passive 
smoke than the unexposed group (81.4% vs. 52.9%, 
respectively) (P= 0.0001; Table 2).

In the passive smoke group, there were associa-
tions between M. tuberculosis infection and the follow-
ing: nutritional status (P=0.044), paternal education 
(P=0.022), and maternal education (P= 0.038). 
However, there were no associations between M. 
tuberculosis infection and familial income (P=0.223) 
or BCG vaccination (P=0.910) (Table 3).

Discussion

Tuberculosis and smoking are both significant public 
health problems.7 Chronic exposure to cigarette 
smoke may result in changes to the quantity and 
composition of the mucus layer, subsequently 
impairing mucociliary clearance of pathogens, 
changing the hydration state of the mucus, and 
promoting colonization in the airway lumen.10 We 
found a significant association between exposure 
to passive smoke and prevalence of M. tuberculosis
infection: of 70 children exposed to passive smoke, 
57 children tested positively for M. tuberculosis
infection (P=0.0001). These findings are consistent 
with a South African study of 1,344 children in 
which 1,170 (87%) were passive smokers and more 
often had positive tuberculin tests (34%; OR 1.89; 
95%CI 1.24 - 2.86).7 Another study in Barcelona, 
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aimed to assess the effect of passive smoking on 
the development of active pulmonary tuberculosis 
in children immediately  following infection by M. 
tuberculosis within the family. Authors found that 
passive smoking in children was associated with an 
increased risk of developing pulmonary tuberculosis 
immediately following infection (OR 5.29; 95% CI 
2.33 – 12.82; P <0.00001).11

Malnutrition and tuberculosis are problems of 
considerable magnitude in most underdeveloped 
regions of the world. These two problems interact, 

with protein-energy malnutrition and micronutrient 
deficiency increasing the risk of tuberculosis.12 We also 
found a significant relationship between nutritional 
status and M. tuberculosis infection in passive smokers 
(P = 0.044). Malnutrition is known to be associated 
with anergic tuberculin test results in internationally 
adopted children. However, a Minnesota study found 
that the tuberculin skin test induration response was 
not associated with nutritional status, and that in 
high a M. tuberculosis prevalence region, malnutrition 
presented a considerable risk for progression to 

Table 1

Table 2 M. tuberculosis i

M. tuberculosis

46
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tuberculosis disease.13 In China, adult patients 
with obesity had a lower risk of active pulmonary 
tuberculosis.14 A Pakistani study to determine the 
frequency of known risk factors in confirmed cases of 
tuberculosis in children found that family education, 
especially maternal education, and BCG vaccination 
were the two most important factors in preventing 
tuberculosis in children. Malnutrition, measles and 
steroid therapy were also found to be risk factors for 
development of tuberculosis in children.15 However, 
a West Africa study found that nutritional status and 
presence of a BCG scar were not independent risk 
factors for positive tuberculin test results in children.18 

A Jakarta study aimed to investigate the nutritional 
status of patients with active tuberculosis compared 
that of healthy controls revealed that compared to the 
control, tuberculosis patients had significantly lower 
body mass index, skinfold thickness, mid-upper arm 
circumference, proportion of fat, and concentrations 
of serum albumin, blood hemoglobin, plasma retinol 
and plasma zinc.17

We found that family income was not associated 
with M. tuberculosis infection in the passive smoking 

group, consistent with a South African study.7

Education is an important factor to determine the 
socio-economic status of a person and thus the ability 
to afford healthy environments and understanding 
of the disease. Parents with a higher education level 
are more likely to understand the importance of 
screening their children for TB.15 Similarly, we found 
significant associations between paternal (P=0.022) 
and maternal education levels (P=0.038) with M. 
tuberculosis infection in the passive smoking group. A 
Greenland study also showed that maternal education 
was associated with the risk of M. tuberculosis infection 
in children.18

Children who received BCG vaccinations may 
have false positive reactions to tuberculin tests.19,20

However, we found no association between BCG 
vaccination and M. tuberculosis infection in the 
passive smoking group. Similarly, a West Africa study 
suggested that positive tuberculin tests in children 
probably reflect M. tuberculosis infection, regardless 
of their BCG vaccination status.16 A Nigerian study 
in apparently healthy children aged 3 to 59 months 
found that although tuberculin test positivity is 

Table 3 M.tuberculosis i

M. tuberculosis
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usually attributed to M. tuberculosis infection, the 
effect of previous BCG vaccination, especially in 
children, should be taken into consideration when 
interpreting tuberculin test results. There was a 
significant difference in the overall prevalence of 

vaccinated and unvaccinated in children (P = 
0.0034).21  Furthermore, a Turkish study in children 
aged 1 to 6 years suggested that average tuberculin test 
induration in BCG-vaccinated children is significantly 
higher than that in unvaccinated children.19 However, 
aBrazilian study found that BCG vaccination-induced 
tuberculin reactivity was indistinguishable for results 
under 15 mm. There was no evidence for BCG 

22

A Peruvian study suggested that a BCG scar was a 
sensitive indicator of vaccination status for up to 3 
years after vaccine administration in the first month 
of life. Although nearly a quarter of the children had 
a tuberculin response of > 5 mm six months after 
vaccination, tuberculin test results >10 mm did not 
occur in the absence of exposure to a person with 
tuberculosis.23 A study in Southern Mexico found 
that tuberculin test results helped identify children 
in the BCG-vaccinated population who had recent 
exposure to pulmonary tuberculosis, were probably 
infected with M. tuberculosis, and could benefit from 
treatment for their latent tuberculosis infection.24

We considered our subjects to be TB-infected if their 
tuberculin reactivity was > 10mm.

The limitation of this study was not evaluating 
the number of cigarettes smoked daily by active 
smokers in the house. Further study is needed to assess 
the level of exposure to cigarette smoke on the risk 
of M. tuberculosis infection. In conclusion, there is 
association between exposure to passive smoke and M. 
tuberculosis infection in children with adult household 
tuberculosis contact.
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