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Pulmonary Tuberculosis is one of the the major infectious diseases and is among diseases with the highest mortality and morbidity in
the world. Although many interventions had been done to prevent this disease, its spread of infection is still high. One of the factors
that play an important role in the spread of this disease are environmental factors and contact patterns. There are only a few articles
that discuss this issue in Indonesia. So, this study aims to explore the association between environmental, social contact factors, and
pulmonary tuberculosis (PTB) in Bandung, Indonesia. An unmatch case-control with a 1:2 ratio was designed for the purpose of this
study. Cases were defined as smear-positive pulmonary TB cases that received treatment during 2015-2016 at the four selected Public
Health Centers (PHCs) in Bandung. Controls were selected from healthy neighbours of the cases. Data were collected through home
visits, interviews, and observations using a structured-questionnaire. Multivariable logistic regression was used to determine the risk
factors associated with PTB. Findings from analyses on 330 respondents consisting of 113 cases and 217 controls demonstrated that
the absence of Cross-ventilation inside the house was associated with PTB (AOR: 1.91; 95 % CI: 1.03-3.57) as the environment
factor while family history of pulmonary TB (AOR: 4.90; 95% CI: 2.30-10.75), number of household member (AOR: 2.73; 95% CI:
1.33-5.65) and time spent inside the house (AOR: 1.12; 95% CI: 1.08-1.27) were found to be the social contact factors associated
with PTB. Thus, the environment and social contact-pattern are essential factors in TB transmission. Regulations regarding this factor
need to be strengthened so that this disease can be controlled.
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2015). It is estimated in the latest data available on TB
incidence that 1 million TB cases occur annually with an

Pulmonary tuberculosis (PTB) is world’s top infectious
disease killer (World Health Organization, 2020). This
disease has infected a quarter of the world’s population
and caused 60 million cumulative death since 2000 (World
Health Organization, 2020). Although this disease was
treatable and preventable with 85 % successful treated
rate, but this disease is still difficult to eradicate. Indonesia,
as developing country, ranks second among countries with
the highest incidence of PTB (World Health Organization,
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incidence rate of 395 per 100,000 population per year (World
Health Organization, 2017). Bandung, as one of the major
cities in Indonesia, is also facing the same problem. Bandung
ranks third among cities with the highest TB incidence in
West Java Province and recent PTB notification rate shows
477 cases per 100,000 population (West java Provincial
Health Office, 2020; Yang et al., 2021).

This condition will affect city health and productivity.
Despite the enormous efforts to control this disease, the
PTB in Indonesia is still rampant. In 2016, the Minister
of Health of the Republic of Indonesia issued a regulation



to update and complement TB management efforts in
Indonesia (Ministry of Health of the Republic of Indonesia,
2016). This regulation has already included the promotive,
preventive, and curative aspects for fighting PTB. However,
the social contact or contact pattern is not among them
despite the fact that it plays major role in TB transmission
thus becomes a potential point for intervention (Lénnroth et
al., 2010, 2009; Ortblad et al., 2015). How people interact
with each other indeed influences the risk for being infected
by PTB, with number of contacts, duration of contacts, and
a history of PTB among the contacts as the most prominent
risk variables. Therefore, contact pattern needs to be
evaluated when dealing with PTB infections (Mossong et
al., 2008; Dodd et al., 2016; Horton et al., 2020; Yang et
al., 2021).

Various literature have asessed the relationship between
environmental risk factors and PTB (Alisjahbana et al.,
2006; Baker et al., 2008; Bam et al., 2015). However,
only few studies explores the relationship between contact
factors and PTB (Dodd et al., 2016; Rahayu et al., 2015;
Gelaw et al., 2019; Abreu et al., 2020; Yang et al., 2021).
Therefore, this study focuses on exploring and identifying
the social contact factors associated with PTB. In addition,
the household environmental factors such as household
density, indoor and outdoor hygiene, and availability of
cross-ventilation in the house are also explored.

Study Location: Bandung, as one of the major cities in
Indonesia, is a busy and highly populated city with 2,5
million population living in an area of 167 kilometer
squares. The city consists of 30 districts and 151 sub-
districts. It also has 73 Public Health Centers (PHCs) to
cater for the healthcare-related needs of the citizen. Each
PHCs is responsible for 2 to 6 sub districts.

Sample and procedure: We conducted an unmatched case-
control study in late 2016 in four selected PHCs in Bandung:
Arcamanik, Babakansari, Padasuka, and Ujungberung
Indah PHCs. The criteria for selecting PHCs were having
a broad working area that covers two or more subdistricts;
having a laboratory capability to diagnose PTB, and having
a good performance in recruiting TB patients (i.e. having a
high number of PTB patients in the last two years). We use
the 2015-2016 TB register data for recruiting respondents. A
1: 2 ratio was used for case and control selection. Controls
were selected systematically by recruiting healthy adult
respondents who lived nextdoor to the case.

Social Contact Pattern: We collected data on respondents’
social contact pattern using a structured questionnaire based
on their social interaction habit in the community. We
used four variables to describe the social contact pattern:
number of household member (i.e., total individuals living
in the house excluding respondent), time spent inside the
house (i.c., the average time spent in the house each day),
family history of TB (i.e., a history of family member who
received treatment or were currently under treatment for
PTB)(Cohen, 2000; Volz et al., 2011).

Household Environmental Factors: The housechold
environment factors consist of four variables, namely
household density, indoor household hygiene, outdoor
household hygiene, and availability of cross-ventilation.
We measured the household density as the total household
area divided by total household members. Good indoor
and outdoor hygiene was confirmed when there were no
dust, waste, rats, or cockroaches seen in the household
(Ministry of Health of the Republic of Indonesia, 2013).
Cross-ventilation availability was confirmed if there were
at least two different wall-windows in the house.

Definition and Measures: We defined cases as individuals
with a history of PTB or were receiving treatment due to
smear-positive result for PTB and recorded in the "TB-
register" at the selected PHCss. Control was defined as
healthy individual neighbours to the index case who had
never been diagnosed with any TB disease.

Individual characteristics: We collected subject
demographic data such as age, gender, level of education
(i.e., time spent in formal education measured in years),
marital status (married/widowed/single), employment
(government officer/private employee/unemployed),
insurance ownership (yes/no). We also characterized
respondents by their economic status (described by the
total monthly family income in Indonesian Rupiah), daily
cigarette consumption, history of Diabetes Mellitus, and
environment factors that influence TB transmission (e.g.
people density/person/m2, Indoor and outdoor home
hygiene, and presence of cross-ventilation in the house) as
the confounding factors.

Figure 1: Study Population
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Ethical Approval: All procedures performed in studies
involving human participants are in accordance with the
ethical standards of the institutional and/or national research
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committee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.

Statistical analysis: We explored the association between
social contact factor, environmental factor, and PTB using
multiple regression analyses. We also include potential
confounders, i.e. age, sex, marital status, cigarette
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consumption, total monthly family income, and history
of diabetes, in the analyses. All statistical analyses were
performed with “R” version 3.2.3 and “R studio” as the
user interface (Team Rstudio, 2015). We employed the
AIC (Akaike Information Criterion) as the tool to assess
best fit models.

Table 1. PTB-Associated Sociodemographic, Environmental, and Social Contact Factors in

Bandung City

Variable

Sociodemographic

Age (years), median (IQR)*
Sex , n (%)*

*Female

*Male

Duration of education (years)*
Marital status n(%)*

Single

*Married

*Divorced/widowed

Job Qualification n(%)
*Government officer

Private employee
*Unemployed

Insurance Ownership, n(%)*
*Yes

*No

Total monthly family income
(Thousand Rupiah) , median (IQR)*

Environmental Factors

Household density ( person/m2)

Poor Household Indoor Hygiene*
*Clean

*Dirty

Poor Outdoor Household Hygiene*
*Clean

*Dirty

Cross-ventilation inside house *

*No

*Yes

Social Contact Factors

Number of household members (IQR)*
Time spent inside house (hours) (SD)*
Family history of pulmonary TB n(%)*
*No

*Yes

Case Control p- value
(n=113) (n=217)

38(25-48) 45 (336-56) <0.001l
55(48.7) 145(66.8) <0.001 &
58(51.3) 72(33.2)

9.39(3.02) 9.54(3.41) <0.001l

30(26.5) 11(5.1) <0.001 &
74(65.5) 174(80.2)

9(8) 32(14.7)

1(0.9) 14(6.5) 0.06 6
54(47.8) 91(41.9)
58(51.3) 112(51.6)
79(69.9) 154(71) 0.84 6
34(30.1) 63(29)

1,200 1,500 <0.01l
(500-6,800) (1,000-10,000)
9.09(10.05) 10.34(8.82) 0.25l

<0.0015
86(76.1) 196(90.3)
27(23.9) 21(9.7)
<0.0015
84(74.3) 188(86.6)
29(25.7) 29(13.4)
<0.0015
44(39) 114(52)
69(61) 103(48)
4(0-11) 3(0-11) <0.001l

18.06 (+4.04) 16.49(+4.57) <0.001l

78(69) 197(90.8) <0.001 &
35(31) 20(9.2)

Abbreviation : IQR = interquartile range |= Independent t test & = chi square test
*indicates that the finding is statistically significant at the level of the confidence of

5 % (P-value < 0.05)
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Based on the 2015-2016 TB register in four PHCs, there
were 252 potential respondents as cases. About 139 eligible
cases were excluded due to several reasons such as moving
out of town (n=57), living outside the work area of the
PHC (n=63), refused to be interviewed (n=3), died (n=3),
and could not be traced (n=13). Thus, the total number of
cases in this study was 113 respondents. We invited 217
respondents to participate as controls but 9 refused to be
interviewed (Figure 1).

Cases were younger than controls (38 + 15.2 vs. 45.6 +
13.5) and more likely to be male (51%). Compared to
controls, cases were more likely to have lower duration of
formal education (9.39 +3.02 vs. 9.54 + 3.41). There were
also statistical differences between cases and controls in
terms of marital status, job qualification, and total monthly
family income, albeit no statistical difference in Insurance
Ownership variable was identified. On household density,
both cases and controls had a similar household density
(9.09 £ 10.05 vs. 10.34 + 8.82) but differences were seen
in Indoor household hygiene, outdoor household hygiene,
and availability of cross-ventilation variables. Respondents
from the case group had higher proportions for poor indoor

household hygiene , poor outdoor household hygiene , and
absence of cross-ventilation inside the house. Respondents
from the case and control groups had slight difference in
the number of household members but the difference was
statistically significant (p < 0.05). Respondents from the
case group also spent longer time inside the house than
those in the control group (18.06 +4.04 vs. 16.49 +4.57).
A higher proportion of respondents in the case group had
a family history of PTB compared to those in the control
group (n=35, 31% vs. n=20, 9.2%) (Table 1).

Table 2 presents the model of multivariable logistic
regression of the study. This model has been adjusted to
socioeconomic factors (such as: age, sex, marital status, total
monthly family income in a month), history of cigarette
smoking, and history of diabetes. We found that PTB was
associated with several social contact factors including
family history of pulmonary TB (AOR: 4.90; 95% CI:
2.30-10.75), number of household members (AOR: 2.73;
95% CI: 1.33-5.65), and time spent inside the house (AOR:
1.12; 95% CI: 1.08-1.27). In contrast, the only household
environment risk factor associated with pulmonary TB was
the absence of cross-ventilation in the house (AOR: 1.91; 95
% CI: 1.03-3.57). The model also demonstrated that history
of diabetes, cigarette consumption, age and marital status
are potential confounders for PTB (Table 2).

Table 2. Univariable and multivariable odds ratio’s (OR) and 95% confidence interval (95% CI) for
social contact factors and environmental factors associated with PTB in Bandung City

Variable Crude OR Adjusted OR

OR 95 % CI OR 95 % CI
(Constant) 0.190 0.029 1.144
Demographics
Age 0.962* 0.945 0.978 0.948* 0.924 0.971
Sex (Male) 2.123* 1.336 3.389 3.221%* 1.479 7.160
Marital Status (Married) 0.156* 0.071 0.318 0.214* 0.073 0.588
Marital Status (Divorced/Widowed) 0.103* 0.035 0.272 0.217* 0.048 0.931
Cigarette consumption 1.056* 1.019 1.098 1.061* 1.006 1.128
Total monthly family income (IDR) 1.000 1.000 1.000 1.000 1.000 1.000
History of Diabetes (Yes)
environmental Risk 4.973* 1.933 14.397 | 8.976* 2.724 32.402
People density ( person/m2) 0.984 0.955 1.058 1.023 0.987 1.060
Poor Indoor Household Hygiene 2.930* 1.575 5.521 1.880 0.629 5.652
Poor Outdoor Household Hygiene 2.238%* 1.257 3.991 1.883 0.699 4.970
No Cross-ventilation in house
Social Contact factors 1.735% 1.096 2.768 1.911* 1.038 3.573
Time spent inside house (hours) 1.085* 1.029 1.146 1.172%* 1.084 1.274
Number of household members 2.351% 1.378 4.017 2.728%* 1.332 5.658
Family history of PTB
AIC 4.419* 2427 9.246 4.901* 2.301 10.753

- 315

Abbreviation : IDR = Indonesian rupiah OR = Odds Ratio CI = Confident Interval AIC = Akaike

Information Criterion

*indicates that the finding is statistically significant at the level of the confidence of 5 % (P-value <

0.05)

Our study shows that social contact pattern, i.e. family
histroy of PTB, number of household members, and time
spent inside the house, is associated with PTB in Bandung

City. Family history of TB has been proven and shown to be
associated with PTB in many papers. Previous studies stated
that a positive PTB case can infect about 30 -40 % of theirs
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contacts (Gaur et al., 2017; Jindal, 2017; Lienhardt et al.,
2005; Rathi et al., 2002; Sabri et al., 2019). Therefore, the
risk for getting PTB increases with the increasing number of
family members who are positive for PTB as this means that
there are more contacts in the house (AOR: 2.73; 95% CI:
1.33-5.65). One of the possible reasons may be related to the
intensity of contact. We know that household members share
the same air space and living activities, which increases the
chance of disease transmission especially when there is a
family member with PTB (Baker et al., 2008; Dodd et al.,
2016; Qian et al., 2000).

With every additional hour spent inside the house, a 10%
increase is seen in the odds of acquiring PTB (AOR =
1.172, 95 % CI : 1.084 — 1.274). This study shows that
respondents in the case group are more likely to spend more
time inside the house than those in the control group. The
longer people stay in their house, the more likely they will
be infected with PTB bacilli. Mycobacterium tuberculosisis
more likely to live in a condition with a high humidity and
low light (Jindal, 2017; Sornboot et al., 2019; Taye et al.,
2021). This theory could become the reason why this finding
is significant. Other biological theory that can support this
finding relates to the presence of cross-ventilation and
history of PTB in the family (Dodd et al., 2016; Jindal,
2017; Sornboot et al., 2019; Taye et al., 2021).

There is also significant association between the absence
of cross-ventilation inside the house and PTB (AOR: 1.91;
95 % CI : 1.04 —3.57). The absence of cross-ventilation in
the house almost doubles the probability to get PTB. Many
studies suggested that poor ventilation is a risk factor for
PTB. This study justifies and strengthen this notion (Chan
and Fang, 2020; Escombe et al., 2019; Muchsin et al., 2019;
Rahayu etal., 2015). Individual characteristics such as age,
gender, marital status, cigarette smoking, total monthly
income, and history of diabetes have been analyzed in
earlier studies and are considered to be associated with PTB.
Our findings also support this association (Alisjahbana et
al., 2006; Andrade et al., 2019; Bam et al., 2015; Gelaw
et al., 2019; Abreu et al., 2020; Yang et al., 2021). The
selection of PHCs was performed by purposive method
based on several criteria, i.e : cover two or more sub districts
and have laboratory facilities. In order to get normally
distributed data, we use big sample and a higher ratio for
case and control (1 :2). We did not assess interactions for
our model because our experience is limited. However, a
multicollinearity testing was performed on our model. Since
our study shows that the absence of cross-ventilation is a
potential factor for PTB. This emphasizes the need for the
local government to implement interventions or regulations
regarding healthy homes.

CONCLUSION

Based on our study, social risk factors, such as family
history of PTB, number of contacts at home, time spent
inside the house, and household family risk factor are
associated with PTB in Bandung City. These findings show
that social and environmental factors are important parts
of the solution to eradicate pulmonary TB. We, therefore,
recommend that the government should invest more in
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social interventions to eradicate PTB. Since our study
demonstrated that PTB is associated with the higher number
of family members in the house or a high total household
contacts, it is our suggestion that the interventions should
target areas with dense population as a priority area for
PTB prevention.
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