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Abstract

SETTING—India accounts for the largest burden of tuberculosis (TB) worldwide, with 26% of 

the world’s cases.

OBJECTIVE—To assess the association between novel modifiable risk factors and TB in Indian 

children.

DESIGN—Cases were children aged ≤5 years with confirmed/probable TB based on World 

Health Organization definitions (definition 1). Controls were healthy children aged ≤5 years. 

Logistic regression was performed to estimate the adjusted odds ratio (aOR) of being a TB case 

given exposure, including indoor air pollution (IAP; exposure to tobacco smoke and/or biomass 

fuels) and vitamin D deficiency. Cases were re-analyzed according to a new consensus research 

definition of pediatric TB (definition 2).

RESULTS—Sixty cases and 118 controls were enrolled. Both groups had high levels of vitamin 

D deficiency (55% vs. 50%, P = 0.53). In multivariable analysis, TB was associated with 

household TB exposure (aOR 25.41, 95%CI 7.03–91.81), household food insecurity (aOR 11.55, 

95%CI 3.33–40.15) and IAP exposure (aOR 2.67, 95%CI 1.02–6.97), but not vitamin D 

deficiency (aOR 1.00, 95%CI 0.38–2.66). Use of definition 2 reduced the number of cases to 25. 

In multivariate analysis, TB exposure, household food insecurity and IAP remained associated 

with TB.

CONCLUSIONS—Household TB exposure, exposure to IAP and household food insecurity 

were independently associated with pediatric TB.
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TUBERCULOSIS (TB) remains widespread, with approximately 9 million new cases 

annually, of which at least 10% are children.1,2 With the United Nations Millennium 

Development Goals and Stop TB Partnership targeting reduced childhood morbidity and 

improved TB control, a better understanding of risk factors in children is critical.1,2

In adults, several biologic risk factors for TB have been established.1 Social factors are less 

clear; however, poverty and active tobacco smoking have been linked to TB.1,3–7 Exposure 

to secondary smoke and/ or biomass cooking fuels (indoor air pollution [IAP]) is more 

controversial, with less evidence.3,6,8–10 Malnutrition, in particular vitamin D deficiency, 

has also been associated with increased risk.11–19

In children, the above risk factors have not been well studied. One cross-sectional study of 

refugees in London found increased vitamin D deficiency in children with TB;20 however, a 

recent study of refugees in Australia did not find this association.21 IAP, which is typically 

defined as particulate matter from burning of solid fuels (coal, dung or wood), and which 

often also includes passive tobacco smoke, has been associated with respiratory infection in 

children.22 However, the role of IAP in pediatric TB has not been well examined.

India has the greatest burden of TB worldwide, accounting for 26% of all cases. 

Approximately 10% of its population is aged <5 years.23 Population prevalence of human 

immunodeficiency virus (HIV) infection (0.3%) is low; however, prevalence of IAP (70%), 

vitamin D deficiency (30–80%)24 and household poverty (22%) is high.23

The objective of our study was to assess the strength of the association of the above risk 

factors with TB in children aged ≤5 years residing in Pune, India. Identifying modifiable 

risk factors will help inform prioritization for public health interventions aiming to reduce 

the burden of pediatric TB in India and other endemic settings.

METHODS

Study setting and design

We conducted a prospective case-control study at Byramjee JeeJeeboy Medical College & 

Sassoon Hospital in Pune, India, a 1300-bed tertiary care public hospital center serving 

predominantly poor adults and children from urban and peri-urban areas.

Cases were children aged ≤5 years with confirmed or probable TB. Control patients were 

children aged ≤5 years attending immunization clinics at the same hospital without signs or 

symptoms suggestive of TB, another acute infection or malignancy.

Tuberculosis definitions

Cases were defined according to the World Health Organization and India’s Revised 

National Tuberculosis Control Programme guidelines as confirmed or probable TB.25 

Confirmed TB cases were those with positive culture for Mycobacterium tuberculosis. 

Probable cases were those with clinical and radiographic findings consistent with TB, but 

negative acid-fast bacilli culture (definition 1). A second research definition (definition 2) 

was then retrospectively applied using new published guidelines for probable pulmonary TB 
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in pediatric patients.26 Using this definition, definite cases were culture-positive for M. 

tuberculosis, while probable cases were defined as above, with two radiologists agreeing on 

chest radiograph (CXR) findings and follow-up data, including lack of response to 

antibiotics for pneumonia.

Data collection

Parents or guardians of study subjects completed a sociodemographic, health and nutrition 

questionnaire administered by trained study personnel, and children underwent a physical 

examination by a study physician. Individual and household factors were assessed, including 

household TB exposure, nutritional status (weight-for-age Z scores [WAZ]) and household 

food insecurity using standardized household food insecurity assessment scores (HFIAS).27 

IAP was assessed by asking if there were any tobacco smokers in the home and what 

primary cooking fuel was used. All study subjects had blood drawn for serum 25 

hydroxyvitamin D levels. Cases underwent HIV testing.

Assessing vitamin D status

Serum for 25 hydroxyvitamin D testing was stored at −80°C and batch tested using the 

Diasorin Radioimmunoassay (Diasorin 25-hydroxy D125I RIA kit; Diasorin Corporation, 

Stillwater, MN, USA, 1994). Vitamin D categorizations were defined as deficiency ≤ 20 

ng/ml and sufficiency > 20 ng/ml based on recommended definitions for vitamin D 

deficiency using this assay.28

Ethical approval and oversight

This study was approved by the ethical review committee of Byramji Jeejeebhoy Medical 

College, Pune, India, and the Institutional Review Boards of Pune and Johns Hopkins 

University, Baltimore, MD, USA. Written informed consent was provided by the parents or 

legal guardians of enrolled children. As the Johns Hopkins University Institutional Review 

Board (IRB) did not approve HIV testing in healthy children attending the immunization 

clinic, HIV status of controls was based on parent/guardian report.

Statistical analysis

We estimated that a sample size of 60 cases with 120 controls would provide 80% power to 

detect an odds ratio of 2 of being a case, based on vitamin D deficiency. Calculations were 

performed using STATA version 11 (Stata Corp, College Station, TX, USA). Vitamin D 

deficiency prevalence in children was assumed to be at least 30%,24 based on previous 

studies.

Continuous variables were transformed into categorical variables based on clinical 

importance. WAZ scores were dichotomized to ≤–2 and >–2, corresponding to 

undernutrition standards. A composite variable for IAP was created including passive 

exposure to tobacco smoke and/or exposure to biomass fuels (wood, coal, animal dung). We 

also looked at passive exposure to tobacco and biomass fuel exposure as individual 

exposures. An HFIAS score of >1 was defined as household food insecurity. The χ2 test was 

used to identify associations between categorical variables; Fisher’s exact test was used 

when cell size was <5 observations. Univariable logistic regression analyses were performed 
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to assess differences in demographic and baseline health and nutrition characteristics 

between cases and controls. Multivariate analysis was then used to determine independent 

risk factors associated with TB cases. Variables were selected for evaluation in the 

multivariable model if P < 0.20 or if there was biological relevance. Model fitting and 

selection of best model was performed using stepwise regression and likelihood ratio testing. 

Two analyses were performed: the first using the a priori definition of definite/probable TB 

(definition 1), the second using the more stringent research definition of probable TB 

(definition 2).

RESULTS

Study population

Of the 60 children with TB enrolled in the study between 1 August 2009 and 30 September 

2011, 7 (12%) had definite TB and 53 (88%) had probable TB; 24 (45%) cases had a known 

household TB source case, for whom the mother was reported to be the source case for 11 

(46%), the father for 9 (38%), a sibling for 2 (8%) and others for 2 (8%). Of the 118 

controls, five (4%) reported a known household TB source case. Cases and controls did not 

differ by age (median 3 years, P = 0.53) or sex (57% vs. 59% males, P = 0.82; Table 1). 

Both cases and controls had a similarly high prevalence of vitamin D deficiency (33/60 

[55%] cases and 59/118 [50%] controls, P = 0.53). Thirty-one (52%) cases were 

underweight compared to 45 (38%) controls (P = 0.08). Cases were also more likely to be 

HIV-infected than controls (9/60, 13% vs. 0/118, 0% reported). Of 51 cases who had 

complete data for both types of exposure to IAP, 28 (55%) reported exposure compared to 

29/113 (26%) controls (P < 0.001). For individual components of IAP, cases were 

significantly more likely to be exposed to tobacco smoke (38% vs. 19%, P = 0.009) and 

biomass fuel (26% vs. 7%, P < 0.001). The study population overall had a low level of 

household food insecurity (HFIAS > 1, 4%), but cases had significantly higher household 

food insecurity than controls (16/60 [27%] vs. 5/118 [4%], P < 0.001).

Factors associated with TB

Univariate analysis showed no significant difference between cases and controls in age, sex, 

WAZ score, presence of bacilli Calmette-Guérin scar, household size or household monthly 

income. Vitamin D deficiency was also not associated with being a TB case (odds ratio 

[OR] 1.22, 95% confidence interval [CI] 0.66–2.28; Table 2). However, known household 

TB exposure (OR 21.93, 95%CI 7.05–68.27), household food insecurity (OR 8.22, 95%CI 

2.84–23.80), exposure to IAP (OR 3.53, 95%CI 1.76–7.06), school, preschool or daycare 

attendance (OR 2.4, 95%CI 1.08–5.33) and reported presence of an HIV-positive person in 

the household (OR 3.56, 95%CI 1.30–9.73) were all associated with increased odds of being 

a TB case. In a multivariate model adjusting for age, sex, school attendance, exposure to 

IAP, household TB exposure, household food insecurity and vitamin D deficiency, 

household TB exposure (adjusted OR [aOR] 25.41, 95%CI 7.03–91.81), exposure to IAP 

(aOR 2.67, 95%CI 1.02–6.97) and household food insecurity (aOR 11.55, 95%CI 3.33–

40.15) were independently associated with TB (Table 2). HIV infection in the child was not 

included in the final model, as HIV infection was not reported for any of the control 

subjects. In the sub-analysis, assessing exposure to biomass fuel and tobacco smoke 
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individually, the association with TB was attenuated due to the small sample size (biomass 

fuel exposure aOR 3.58, 95%CI 0.94–13.59; passive tobacco smoke exposure aOR 1.84, 

95%CI 0.61–5.53), but approached significance (Table 2).

Retrospective application of a research definition for probable tuberculosis

Application of a newly published research definition for probable TB resulted in a 

substantial decrease in the number of cases from 60 to 25. This decrease was driven by 

inconsistencies on CXR, specifically related to disagreements over the diagnosis of hilar 

adenopathy. Patients with disagreement on hilar adenopathy according to the more strict 

second definition (definition 2) were therefore not included in the TB disease category (18 

cases, 30%). Patients who improved without treatment or who responded to standard 

antimicrobials for community-acquired pneumonia were also excluded from the TB disease 

category in definition 2 (17 cases, 28%).

Household food insecurity remained more common in cases, occurring in 5/25 (20%) cases 

and 5/118 (4%) controls (P = 0.001). More exposure to IAP was also reported for cases (16 

cases, 73%; 29 controls, 26%; P < 0.001; Table 1). Despite the decrease in case numbers 

and subsequent decrease in power, household TB exposure (aOR 34.75, 95%CI 5.16–

233.97), exposure to IAP (aOR 7.18, 95%CI 1.84–27.93) and household food insecurity 

(aOR 9.33, 95%CI 1.43–60.96) remained independently associated with TB (Table 2). 

Furthermore, biomass fuel exposure assessed individually was also highly significantly 

associated with TB (7.86, 95%CI 1.39–44.54).

DISCUSSION

Our study found two novel risk factors associated with TB disease in young children: 

exposure to IAP and household food insecurity. Moreover, when assessing the individual 

components of IAP using the most stringent definition of pediatric TB, biomass fuel 

exposure was identified as being highly independently associated with TB. This study also 

confirmed that close TB contact was a risk factor for TB disease. In contrast to studies 

among adult patients, we did not identify vitamin D deficiency as a risk factor for pediatric 

TB disease but noted that approximately half of all study subjects were vitamin D deficient.

Several studies have defined exposure to IAP as a composite of exposure to biomass fuel use 

and/or exposure to tobacco smoke in the home, and this is the definition used in our primary 

analysis.3 Both of these variables have biologically plausible mechanisms for increasing risk 

of TB. Tobacco smoke alters T-cell responses, modulates mycobacterial containment and 

impairs macrophage cytokine responses.3–7 Exposure to IAP generates particulate matter, 

carbon monoxide and other potentially toxic compounds such as polycyclic aromatic 

hydrocarbons.3–7 Both interfere with mucociliary clearance, induce inflammation and 

reduce several antibiotic properties of lung macrophages, which in turn have been 

implicated as pathways for poor lung health.3–7 It is known that exposure to IAP increases 

the risk of respiratory infection and asthma-related illnesses in children, with few studies 

assessing the role IAP plays in TB disease.22,29–31 Two studies have found an association 

between tuberculin skin test positivity and passive tobacco exposure;30,31 however, this is 

one of the first studies to demonstrate a strong epidemiological link between exposure to 
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IAP and pediatric TB disease. While this study was not powered to assess passive tobacco 

smoke exposure or biomass fuel exposure individually, tobacco exposure approached 

statistical significance, while biomass fuel exposure was highly independently associated 

with TB using the more stringent research definition of TB. In India, 25% of men and 3% of 

women smoke tobacco products and 70% of rural and 20% of urban Indians are exposed to 

biomass fuels.23 Interventions reducing IAP through the use of safer household fuels, along 

with the reduction of exposure to tobacco, are thus likely to have a significant impact in 

reducing the risk of TB among children.

Another novel finding of our study was household food insecurity as a risk factor for TB in 

children aged <5 years, independent of nutritional status. Food security has been defined as 

‘having access to and being able to utilize food of sufficient quantity and quality at all 

times’.32 Prevalence of household food insecurity in India is as high as 75%.23 Food 

insecurity has been linked to adult acquisition of HIV;32,33 however, studies of its 

relationship to other infections, including TB, are lacking. In this study, household food 

insecurity was significantly associated with increased risk of having TB, and food insecurity 

was not correlated with malnutrition or other socioeconomic descriptors such as monthly 

household income or household size.

It is unclear whether household food insecurity is a risk factor for TB or if it is a marker for 

other factors, such as poverty, that increase the risk of TB disease. In the model for HIV, 

insufficient quality and diversity of food can lead to micronutrient deficiencies which can 

affect disease acquisition, and food insecurity can lead to increased behavioral risks.32 We 

do not know if this is also true for TB. However, interventions reducing household food 

insecurity, such as microfinance schemes and small business loans, merit further 

exploration.

Vitamin D deficiency is currently being investigated in association with respiratory 

infections, and specifically TB. Studies in adults have found that patients with TB have 

lower vitamin D levels than healthy controls,19 and a cross-sectional study in refugee 

children had similar findings.20 However, a recent study of refugee children found no 

difference in vitamin D levels between children with active TB, latent tuberculous infection 

or no TB.21 Our study found a very high prevalence of vitamin D deficiency (52%), but 

found no association between vitamin D deficiency and TB disease in children aged <5 

years.

Our study has some limitations. As this was a case-control study, we could only detect 

association, and not causation. It is therefore difficult, particularly in the category of vitamin 

D deficiency, to determine cause or effect of TB disease. However, unlike vitamin D levels, 

IAP and household food security will not be affected by acute disease and are thus less 

likely to be subject to reverse causation. Our study relied on self-reporting of HIV status for 

control children, which may have led to underestimation. However, we do not believe that 

this would have affected results, as HIV prevalence in this hospital is low (<2%), as in our 

results. We relied on questionnaire data without biomarkers for exposure to IAP; however, 

most epidemiological studies have relied on questionnaire data for such exposures. Finally, 

the definition of TB remains difficult in children. To counteract this, we analyzed data using 
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two definitions. While the use of the research definition attenuated study power, exposure to 

IAP and household food insecurity remained significant, strengthening the argument that 

these are true risk factors for pediatric TB.

In conclusion, we found two important modifiable risk factors associated with TB disease in 

young children: IAP and household food insecurity. Interventions reducing IAP, particularly 

reducing adult tobacco use and household biomass exposure, as well as improving food 

security, will likely have a significant impact on the risk of childhood disease.
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Table 2

Univariate and multivariate analysis of child, maternal and household factors among probable and definite TB 

cases and healthy controls associated with TB disease in children aged ≤5 years, Pune, India

Characteristic

Definition 1*

Definition 2† Multivariate OR (95%CI)Univariate OR (95%CI) Multivariate OR (95%CI)

Child

 Sex

  Male Reference

  Female 1.08 (0.57–2.02) ‡ ‡

 Nutritional status

  WAZ >–2 Reference

  WAZ ≤–2 1.73 (0.93–3.25) ‡ ‡

 Age < 12 months

  No Reference Reference Reference

  Yes 1.25 (0.55–2.84) 2.01 (0.61–6.70) 6.73 (1.69–26.84)

 BCG scar present

  No Reference

  Yes 0.89 (0.37–2.14) ‡ ‡

 Household TB exposure

  No Reference Reference Reference

  Yes 21.93 (7.05–68.26) 25.41 (7.03–91.81) 34.75 (5.16–233.97)

 Exposure to indoor air pollution§

  No Reference Reference Reference

  Yes 3.53 (1.76–7.06) 2.67 (1.02–6.97) 7.18 (1.84–27.93)

 Tobacco smoke exposure§

  No Reference Reference Reference

  Yes 2.68 (1.27–5.67) 1.84 (0.61–5.53) 2.88 (0.67–12.39)

 Biomass fuel exposure§

  No Reference Reference Reference

  Yes 4.73 (1.87–11.99) 3.58 (0.94–13.59) 7.86 (1.39–44.54)

 Vitamin D deficient (<20 ng/ml)

  No Reference Reference Reference

  Yes 1.22 (0.66–2.28) 1.00 (0.38–2.66) 0.53 (0.13–2.07)

 School attendance

  No Reference Reference Reference

  Yes 2.40 (1.08–5.33) 1.85 (0.51–6.67) 0.76 (0.06–9.51)

Maternal and household

 Maternal education <4th grade

  No Reference

  Yes 1.91 (0.94–3.87) ‡ ‡

 Household income <5000 INR/month
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Characteristic

Definition 1*

Definition 2† Multivariate OR (95%CI)Univariate OR (95%CI) Multivariate OR (95%CI)

  No Reference

  Yes 0.68 (0.36–1.30) ‡ ‡

 HIV-positive person in home

  No Reference

  Yes 3.56 (1.30–9.73) ‡ ‡

 House size ≤46.5 m2

  No Reference

  Yes 1.13 (0.44–2.91) ‡ ‡

 HFIAS >1

  No Reference Reference Reference

  Yes 8.22 (2.84–23.80) 11.55 (3.33–40.15) 9.33 (1.43–60.96)

*
Confirmed TB cases were those with positive AFB smear and/or culture; probable cases were those with known TB contacts, clinical and 

radiographic findings consistent with TB, but AFB smear or culture negative.

†
Included no response to antibiotics at 2 weeks and 2 CXR readings. Cases decreased from 60 to 25 primarily due to initial over classification of 

hilar lymphadenopathy on CXR.

‡
Not included in model due to P > 0.20, or excluded via stepwise regression; HIV-positive children not included in model as no control patients 

were HIV-positive.

§
Indoor air pollution was analysed as a composite of passive tobacco smoke exposure and/or biomass cooking fuel exposure. We also assessed 

each of these individually in univariable and multivariable analyses as shown above in italics. Using the same variables in the main multivariable 
model that assessed indoor air pollution as a composite outcome, biomass fuel exposure as an individual exposure reached statistical significance at 
P < 0.05 using definition 2, and showed a strong trend using definition 1.

TB = tuberculosis; OR = odds ratio; CI = confidence interval; WAZ = weight-for-age Z score; BCG = bacille Calmette-Guérin; INR = Indian 
rupee; HIV = human immunodeficiency virus; HFIAS = Household Food Insecurity Access Score; AFB = acid-fast bacilli; CXR = chest 
radiograph.
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