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Abstract
Children are very susceptible to TB infection. One of the causes of TB in children is 
nutritional status. Poor one causes a weak immune system, making contracting tuber-
culosis easier. In addition, living conditions can spread to children due to contact with 
active pulmonary TB in one household. This study aims to determine the relationship 
between nutritional status and living conditions with TB incidence in children. This 
case-control study involved 76 samples consisting of 38 cases and 38 controls. Research 
subjects were taken using the purposive sampling method. The subjects were children 
aged 0-18 years diagnosed with TB based on anamnesis, physical examination, tuber-
culin skin test, and chest X-ray. This study was conducted at Bhakti Medicare Sukabumi 
Hospital from July to December 2019. The results of the Chi-square test found that there 
was a relationship between nutritional status (p=0.023), ventilation area (p=0.043), and 
humidity (p=0.001). There is no relationship between age (p=0.639), gender (0.490), pa-
rental education (p=0.803), lighting (p=0.200), temperature (0.260), density (p=1.000), 
and type of floor (p=0.240).
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Philippines, Pakistan, Nigeria, Bangladesh, 
and South Africa (WHO, 2021). The number 
of tuberculosis cases in West Java Province 
reached 99,398, the highest in Indonesia 
in 2018 (Hariyani et al., 2020). By 2020, an 
estimated 1.1 million children worldwide will 
have TB. The proportion of pediatric TB cases 
among all cases treated in Indonesia from 2010 
to 2018 ranged from 9.4% to 11% (Kementerian 
Kesehatan Republik Indonesia, 2011). TB in 
children and adolescents is often overlooked by 
healthcare providers and is difficult to diagnose 
and treat (WHO, 2021).

The increase in TB cases is influenced by 
individual factors. Such as the immune system, 
nutritional status, personal hygiene, and the 
density of the residential environment. Housing 
that does not meet physical requirements will 
cause health problems. Such as pulmonary 
tuberculosis. Room area, ventilation, floor 
construction, and sunlight lighting must meet 
sanitary needs (Hayana et al., 2020). Research 

Introduction
Tuberculosis (TB) is an infectious disease 

caused by bacteria from the Mycobacterium 
group, namely Mycobacterium tuberculosis 
(M.tb), which can attack the lungs and other 
organs (Roya-Pabon & Perez-Velez, 2016). TB 
in children can cause various problems, ranging 
from failure to thrive, disability, and even death. 
Clinical symptoms in children can be systemic 
or according to the related organs (Apriliasari 
et al., 2018; Osman et al., 2021; Thomas, 2017; 
Velayati, 2016). Common symptoms include 
persistent cough, weight loss, failure to thrive, 
fever for a long time, lethargy, and inactivity 
(Roya-Pabon & Perez-Velez, 2016).

In 2020, 1.5 million people will die from 
TB (including 214,000 people with HIV). TB is 
the 13th leading cause of death and the second 
infectious killer after COVID-19 worldwide. By 
2020, eight countries accounted for two-thirds 
of the total 86% of new TB cases, with India 
leading the tally, followed by China, Indonesia, 
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nutritional status is carried out based on body 
weight (BB) according to body length (PB) or 
height (TB) (BB/PB or BB/TB). The growth chart 
used as a reference is the 2006 WHO charts for 
children under five years old and the 2000 CDC 
chart for children over five years old. For ages 
above five to 18 years, the growth chart refers to 
the 2000 CDC, with the 2007 WHO chart not 
having a weight/TB chart and data from WHO 
2007 representing the 1981 NCHS smoothing 
(Ikatan Dokter Anak Indonesia (IDAI), 2011). 
Standards for determining ventilation area, 
humidity, lighting, temperature, occupancy 
density, and floor type follow the Regulation 
of the Minister of Health of the Republic of 
Indonesia No. 1077 (Kementerian Kesehatan, 
2011). 

Data analysis used the Chi-square test to 
determine the relationship between nutritional 
status and living conditions with the incidence 
of pulmonary TB in children. Residential 
conditions include ventilation area, humidity, 
lighting, temperature, occupancy density, 
and type of floor. Data analysis using SPSS 
version 25 software. P-value < 0.05 indicates a 
significant relationship.

Result and Discussion
We recruited 76 samples of 38 TB-

positive children (case group) and 38 TB-
negative children (negative group). A total of 
46 (61%) were aged 0-5 years, and 30 (39%) 
were 6-18. Most positive TB were aged 0-5 
years, each 22 (29%). Children aged 0-5 years 
are more susceptible to infection because they 
have immunity that has not yet functioned and 
developed optimally (Kollmann et al., 2017; 
Patra et al., 2015). In this study, there was no 
relationship between age and the incidence 
of pulmonary TB in children (p=0.639). This 
result is similar to the study  (Yani et al., 2018), 
which found no relationship between age and 
the incidence of pulmonary TB in children (p 
= 0.609).

supports this (Haeruddin et al., 2020) that 
environmental factors such as occupancy 
density, ventilation, and inappropriate room 
temperature can cause pulmonary TB. TB is 
more easily transmitted to people who live in 
dense residential areas, lack of sunlight entering 
the house and less sunlight (Haeruddin et al., 
2020).

One of the risk factors for contracting 
TB is nutritional status. If it is poor, it can cause 
immune system disorders, thereby increasing 
the risk of contracting TB. Children with poor 
nutrition will be thin, weak, and susceptible to 
TB infection. It is because the immune system 
is reduced in children. Poor nutritional status 
can affect the body’s response to the formation 
of antibodies and lymphocytes against disease 
germs. This formation requires protein and 
carbohydrate raw materials so that in children 
with poor nutrition, the production of 
antibodies and lymphocytes is inhibited (Ren 
et al., 2019). This study aims to determine the 
relationship between nutritional status and 
living conditions with TB incidence in children.

Method
This case-control study was conducted 

at Bhakti Medicare Sukabumi Hospital from 
July to December 2019. Research subjects were 
taken using the purposive sampling method. 
The number of samples for the case and control 
groups was 38 samples each. All subjects 
were diagnosed with tuberculosis based on 
anamnesis, physical examination, tuberculin 
skin test, and chest X-ray. 

The inclusion criteria for this study were 
children aged 0-18 years diagnosed with TB. 
Exclusion criteria for this study were HIV-
positive or parental history of HIV, recent 
contact with a case of active TB, children with 
long-standing TB who recovered, on treatment 
with immune-suppressing agents, and patients 
undergoing long-term systemic corticosteroid 
therapy (> of six weeks). Determination of 
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Table 1. Result of The Study
Variable Diagnosis TB (N=76) Total 

n (%) p-value OR (95%CI)Negative
n (%)

Positive
n (%)

Age (year)
0-5 
6-18

24 (32)
14 (18)

22 (29)
16 (21)

46 (61)
30 (39)

0.639 1.247 (0.496 – 3.133)

Gender
Male
Female

22 (29)
16 (21)

19 (25)
19 (25)

35 (46)
41 (54)

0.490 0.727 (0.294 – 1.798)

Nutritional status 
Severely wasted
Wasted
Normal

1 (1)
8 (11)
29 (38)

0 (0)
19 (25)
19 (25)

1 (1)
27 (36)
48 (63)

0.023

Parental Education 
Did not graduate from 
high school
Graduated from senior 
high school

11 (15)

27 (36)

12 (16)

26 (34)

23 (30)

53 (70)

0.803 0.883 (0.331 – 2.351)

Ventilation Area 
not eligible 
qualify

23 (30)
15 (20)

31 (41)
7 (9)

54 (71)
22 (29)

0.043 0.346 (0.122 – 0.986)

Humidity
Not qualify
qualify

9 (12)
29 (32)

23 (30)
15 (20)

32 (42)
22 (29)

0.001 0.202 (0.075 – 0.545)

Lighting
Not qualify
qualify

25 (33)
13 (17)

30 (40)
8 (11)

55 (72)
21 (28)

0.200 0.513 (0.183 – 1.434)

Temperature
Not qualify
qualify

32 (42)
6 (8)

28 (37)
10 (13.2)

60 (79)
16 (21)

0.260 1.905 (0.614 – 5.909)

Occupancy Density
Not qualify
qualify

23 (30)
15 (20)

23 (30)
15 (20)

46 (61)
30 (39)

1.000 1.000 (0.399 – 2.509)

Type of Floor
Not qualify
qualify

3 (4)
35 (46)

0 (0)
38 (50)

3 (4)
73 (96)

0.240

Source: Primary Data, 2019

In this study, there was no relationship 
between gender and the incidence of TB in 
children (p=0.490). The male and female sexes 
had the same percentage in the case group, 
namely 19 (25%) subjects. In the control group, 
22 (29%) were male. These results are similar 
to studies (Yani et al., 2018) that there is no 
gender relation with TB incidence in children. 
However, this result is different from research 
(Nurjana et al., 2019) which found that male 
children were most likely to be infected with 
pulmonary TB 1.6 times greater than females. 

Overall, the normal nutritional status 
was 48 (63%). In the case group, 19 (25%) 
had less and normal nutritional status. There 

were no children severely wasted in the case 
group. Based on statistical analysis, there was 
a relationship between nutritional status and 
the incidence of pulmonary TB in children 
(p=0.023). This result is the same as the 
research  (Hajarsjah et al., 2018; Widyastuti et 
al., 2021). The first factor that plays a role in 
the nutritional status of malnutrition is age. 
Age less than 60 months was associated with 
significantly more detrimental nutritional 
status than age over 60 months (Dieu et al., 
2017). Nutritional status is related to the risk of 
suffering from TB (Aibana et al., 2016; Farhadi 
& Ovchinnikov, 2018; Feleke et al., 2019). Poor 
nutritional status caused by inadequate dietary 
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intake can result in low body resistance, making 
it susceptible to TB germs. Malnourished 
children are more susceptible to infection due 
to altered immune responses (Jenum et al., 
2014). Nutrition in the perinatal period and 
early childhood is necessary for the thymus, 
which has an essential role in the maturation 
of T lymphocytes (Savino & Dardenne, 
2010). Thymic atrophy in malnourished 
children is associated with increased infant 
mortality due to infection (Losada-Barragán 
et al., 2019; Nabukeera-Barungi et al., 2021). 
Protein-energy malnutrition reduces the 
size of the thymus and cortical thymocyte 
apoptosis, changes the microenvironment 
around lymphoid tissue and epithelial cells, 
and decreases the hormone production and 
proliferation of thymocytes (Hajarsjah et al., 
2018). Studies show that malnutrition affects 
genetic expression and immune function, which 
are predisposing factors for the development of 
tuberculosis (Stevens et al., 2014). Malnutrition 
adversely affects the host immune response to 
mycobacterial infection by impairing various 
steps of cell-mediated immunity and affecting T 
lymphocyte function and cytokine production 
(Bourke et al., 2016; Chandrasekaran et al., 
2017; Ibrahim et al., 2017). Therefore, the risk 
of localized lesions developing into progressive 
disease increases (Chhetri et al., 2018; Jaganath 
& Mupere, 2012; Tamara et al., 2022). Research 
conducted by (Silva et al., 2018) found that 
people with poor nutrition are nine times more 
likely to suffer from TB.

The level of education affects the 
absorption of various information that will 
result from inactivity in health maintenance 
(Piirtola et al., 2016). Parents’ education 
levels in the case and control groups were 
primarily high school seniors, 26 (34%) and 27 
(36%). There was no relationship between the 
education level of parents and the incidence of 
TB in children (p=0.803). This result is different 
from research (Apriliasari et al., 2018) that there 
is a relationship between the level of parental 
education and the incidence of TB. This could 
be because, in the study, most of the subject’s 
parents were educated enough or graduated 
from senior high school.

Overall, both the case and control groups 
had ventilation areas that did not meet the 

standards. In the case and control groups, 31 
(41) and 23 (30) ventilation areas did not meet 
the criteria. This study found a relationship 
between the extent of ventilation and the risk 
of TB in children (p=0.043). These results 
are similar to studies (Hayana et al., 2020). 
Ventilation is beneficial for the circulation of 
air changes in the house and reduces humidity. 
Ventilation is where the entry of ultraviolet 
light. The presence of ultraviolet light can kill 
TB germs and other germs (Apriliasari et al., 
2018; Gwynne & Gallagher, 2018; Martinez 
et al., 2019). Pulmonary TB transmission 
generally occurs in a room where, when 
coughing or sneezing, TB bacteria spreads 
into the air in the form of phlegm (droplets). 
It can reduce the number of splashes with 
ventilation, while direct sunlight can kill the 
pulmonary TB bacteria. In addition, the level 
of O2 needed by the house’s occupants is not 
maintained, and the level of CO2, which is toxic 
to the occupants’ decreases and cannot free the 
room air from bacteria, especially pathogenic 
bacteria. The house must be equipped with 
ventilation of less than 20% of the floor area 
with a cross-ventilation system (Kementerian 
Kesehatan, 2011). When a person with smear-
positive TB coughs or sneezes, the bacteria in 
the phlegm spreads into the surrounding air, 
and one cough can produce about 3000 sputum 
sprinkling (Arifin et al., 2020). The area of house 
ventilation that does not meet the standards 
can increase exposure to tuberculosis by 
increasing the concentration of TB bacteria in 
the household. However, ventilation that meets 
the criteria will reduce the concentration of TB 
bacteria, which will decrease TB transmission 
(Adane et al., 2020; Thanh et al., 2014).

In this study, there was a relationship 
between humidity and the incidence of 
pulmonary TB (p=0.001). House humidity in 
the control group met the requirements of as 
many as 29 (32%) subjects. Twenty-three (30%) 
did not meet the appropriate humidity standards 
in the case group. From the observations during 
the study, this was because most respondents 
did not open windows during the day so that 
sunlight could not enter directly, which resulted 
in the room in the house becoming dark and 
becoming humid so that TB germs could 
survive longer. The humidity value, according 
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to the health standard, is between 40-80% 
(Wolkoff, 2018). The results of this study are in 
line with (Apriliasari et al., 2018) that humidity 
that does not meet the requirements has a risk 
of 3 times causing the incidence of TB. 

In the case group, 25 (33%) subjects and 
30 (40%) subjects in the control group did not 
meet good lighting standards. The results of the 
analysis of the lighting level variable showed 
that there was no relationship with the incidence 
of pulmonary TB in children (p=0.200). This 
result is different from the study (Apriliasari 
et al., 2018). During field observations during 
the survey, generally lighting that did not meet 
health requirements was caused by insufficient 
or even closed ventilation. The sunlight entering 
the respondent’s house is also inadequate. 
So the incoming light does not meet health 
requirements. In addition to the ventilation 
factor, poor lighting conditions can also be 
caused by the close distance between houses. 
Sometimes, it is so tight. It causes the incoming 
light to be blocked by the walls and roof tiles of 
the house.

Most subjects in the case and control 
groups had 32 (42%) and 28 (37%). Based on 
the observations, many respondents’ houses 
have room temperatures of more than 30°C. 
In the Regulation of the Minister of Health of 
the Republic of Indonesia, No. 1077/MENKES/
PER/V/2011 concerning requirements for 
indoor air quality related to room temperature 
that meets the requirements is 18-30°C. Another 
factor causing the high room temperature in 
the respondent’s house is the building materials 
and structures used, such as zinc roofing and 
mild steel made of metal, thus triggering an 
increase in the indoor temperature of the 
respondent’s house. Statistical analysis showed 
no relationship between temperature and TB 
risk in children (p=0.206). M.tb is a bacterium 
that grows in the range of 25°C – 40°C or 
mesophilic (Lagier et al., 2015), but bacteria 
will grow optimally at a temperature of 31°C 
– 37°C. The room temperature in the house 
that does not meet the requirements will be a 
medium for the growth of pathogenic bacteria 
and can last a long time in the house air; this 
will be a source of disease transmission, one of 
which is M.tb bacteria. By heating at 60oC for 
15-20 minutes, the M.tb will turn off (Myneedu 

& Aggarwal, 2020; Sabiiti et al., 2019). Bacteria 
in dry phlegm that stick to dust can last longer, 
8-10 days (Sabiiti et al., 2019).

Most case and control groups had floor 
types that met the standards, namely 38 (50%) 
and 35 (46%). Based on the results of statistical 
tests, there was no relationship between the 
type of floor and the incidence of TB (p=0.240). 
A healthy home must own the element that the 
house is equipped with a waterproof floor so 
that the humidity is good. The floor of the house 
that meets the requirements of a permanent 
home according to the Indonesian Ministry 
of Health No. 829/MENKES/SK/IIV/1999, is 
waterproof and easy to clean (Kementerian 
Kesehatan, 2011). The floor of a house made of 
wood or houses on stilts has a minimum floor 
height requirement of 75 cm from the ground, 
according to the Ministry of Public Works in 
2011. From the observations, the respondent’s 
house with this type of floor uses ceramics, but 
there are also respondents whose floors are only 
with cement plaster. The top of the plaster is 
covered using thick patterned plastic; the use of 
this plastic is to make cleaning easier. The house 
with this ceramic floor and cement plaster has a 
waterproof floor. It is not easily moist to prevent 
the growth of bacteria on the floor, while the 
respondent’s house, which lives with a wooden 
house/house on stilts, has met the requirements 
where the floor height of the house is more than 
75 cm from the surface soil.

Most case and control groups had 
occupancy densities that did not meet the 
requirements, namely 23 (30%). In this study, 
there was no relationship between occupancy 
density and TB in children (p=1,000). This result 
is similar to the survey (Marquez Id et al., 2020; 
Seddon et al., 2013). It can be caused because 
most of the house area is quite large with a small 
number of family members. Houses that are not 
too crowded can minimize contact if a family 
member has TB (Rakhmawati et al., 2019). 
The occupancy density of a sleeping home that 
meets the requirements is a minimum bedroom 
area of 8 meters. It is not recommended to use 
more than two people sleeping in one bedroom 
(Kementerian Kesehatan, 2011). Occupancy 
density will allow household contact, with 
more intense contact such as those who share 
the same room/bed with TB sufferers will 
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be more likely to have more significant and 
constant exposure to infectious M. TB aerosols 
(Acuña-Villaorduña et al., 2018). Occupancy 
density is related to household contacts if family 
members are positive for active pulmonary TB 
(Beyanga et al., 2018; Laghari et al., 2019). Close 
contact will allow the transmission to children, 
especially if parents suffer from pulmonary TB. 
Our study has limitations because it did not 
assess any history of contact between parents or 
family members with the child.

Conclusion
There is a relationship between nutritional 

status, ventilation area, and humidity on the risk 
of TB incidence in children. Further research is 
needed on other variables or risk factors, such 
as the history of childhood immunizations, 
attitudes, and parents’ behavior. The results of 
this study are expected to be information related 
to taking policies in promotive, preventive, and 
curative efforts that can be done to reduce the 
incidence of tuberculosis in children.

Acknowledgments
We would like to acknowledge Bhakti 

Medicare Sukabumi Hospital for the research 
permission granted and the respondents who 
have been willing to participate.

References
Acuña-Villaorduña, C., Jones-López, E.C., Fregona, 

G., Marques-Rodrigues, P., Gaeddert, M., 
Geadas, C., Hadad, D.J., White, L.F., Molina, 
L.P.D., Vinhas, S., Ribeiro-Rodrigues, R., 
Salgame, P., Palaci, M., Alland, D., Ellner, 
J.J., & Dietze, R., 2018. Intensity of Exposure 
to Pulmonary Tuberculosis Determines 
Risk of Tuberculosis Infection and Disease. 
European Respiratory Journal, 51(1).

Adane, A., Damena, M., Weldegebreal, F., & 
Mohammed, H., 2020. Prevalence and 
Associated Factors of Tuberculosis among 
Adult Household Contacts of Smear Positive 
Pulmonary Tuberculosis Patients Treated 
in Public Health Facilities of Haramaya 
District, Oromia Region, Eastern Ethiopia. 
Tuberculosis Research and Treatment, 2020, 
pp.1–7.

Aibana, O., Acharya, X., Huang, C.C., Becerra, 
M.C., Galea, J.T., Chiang, S.S., Contreras, 
C., Calderon, R., Yataco, R., Velásquez, 
G.E., Tintaya, K., Jimenez, J., Lecca, L., & 

Murray, M.B., 2016. Nutritional Status and 
Tuberculosis Risk in Adult and Pediatric 
Household Contacts. PLOS ONE, 11(11), 
pp.e0166333. 

Apriliasari, R., Hestiningsih, R., & Udiyono, A., 2018. 
Faktor Yang Berhubungan Dengan Kejadian 
Tb Paru Pada Anak (Studi Di Seluruh 
Puskesmas Di Kabupaten Magelang). Jurnal 
Kesehatan Masyarakat (e-Journal), 6(1), 
pp.298–307.

Arifin, S., Marlinae, L., Khairiyati, L., Waskito, A., 
Zubaedah, T., Theana, S., & Saputra, M., 2020. 
The Implementation of Healthy Housing 
Development Programs for the Acceleration 
of Children’s Tuberculosis Health Status. 
International Journal of Modern Trends in 
Engineering and Research (IJMTER), 7(1). 

Beyanga, M., Kidenya, B.R., Gerwing-Adima, L., 
Ochodo, E., Mshana, S.E., & Kasang, C., 
2018. Investigation of Household Contacts of 
Pulmonary Tuberculosis Patients Increases 
Case Detection in Mwanza City, Tanzania. 
BMC Infectious Diseases, 18(1), pp.1–8.

Bourke, C.D., Berkley, J.A., & Prendergast, A.J., 
2016. Immune Dysfunction as a Cause and 
Consequence of Malnutrition. Trends in 
Immunology, 37(6), 386.

Chandrasekaran, P., Saravanan, N., Bethunaickan, 
R., & Tripathy, S., 2017. Malnutrition: 
Modulator of immune responses in 
tuberculosis. Frontiers in Immunology, 8, 
pp.1316. 

Chhetri, U., Mishra, A., Jain, K.C., & Bhandari, 
K.R., 2018. Childhood Tuberculosis and its 
Relation with Nutrition. Journal of Lumbini 
Medical College, 6(2).

Dieu, B.N.D., Gray, K.A.W., Augustin, M.M., Robert, 
L.M., Erick, T., Stanislas, W.O., Oscar, L.N., 
Dieu, B.N.D., Gray, K.A.W., Augustin, M.M., 
Robert, L.M., Erick, T., Stanislas, W.O., 
& Oscar, L.N., 2017. Nutritional Status 
of Tuberculous Children Diagnosed and 
Treated in an Urban Area in DR Congo. 
Open Access Library Journal, 4(5), pp.1–9.

Farhadi, S., & Ovchinnikov, R.S., 2018. The 
Relationship Between Nutrition and 
Infectious Diseases: A Review. Biomedical 
and Biotechnology Research Journal (BBRJ), 
2(3), pp.168. 

Feleke, B.E., Feleke, T.E., & Biadglegne, F., 2019. 
Nutritional Status of Tuberculosis Patients, 
a Comparative Cross-Sectional Study. BMC 
Pulmonary Medicine, 19(1), pp.1–9.

Gwynne, P.J., & Gallagher, M.P., 2018. Light as a 
Broad-spectrum Antimicrobial. Frontiers in 
Microbiology, 9, pp.119.



347

KEMAS 18 (3) (2023) 341-348

Haeruddin., Amelia, A.R., Samsualam., & 
Ma’syariArfah, T., 2020. Effect of Physical 
Environment and Prisoner’s Behavior with 
the Implementation of Control Programs 
against the Incidence of TB in Makassar 
City. Annals of Tropical Medicine and Public 
Health, 23(13), pp.78–88.

Hajarsjah, N., Daulay, R.M., Ramayani, O.R., 
Dalimunthe, W., Daulay, R.S., & Meirina, F., 
2018. Tuberculosis Risk Factors in Children 
with Smear-positive Tuberculosis Adult as 
Household Contact. Paediatrica Indonesiana, 
58(2), pp.66–70.

Hariyani, R., Hariyani, R.P., Ferdiana, F., & 
Hadipoetro, F., 2020. Extrapulmonary 
Tuberculosis Patient’s Profile in RSUD 
Cianjur 2017–2019. Muhammadiyah Medical 
Journal, 1(1), pp.19–25. 

Hayana, H., Sari, N.P., & Rujiati, S., 2020. Hubungan 
Kondisi Lingkungan Rumah dan Perilaku 
Anggota Keluarga dengan Suspek TB Paru 
di Kelurahan Harapan Tani Kabupaten 
Indragiri Hilir. Jurnal Kesehatan Global, 3(3), 
pp.91–99.

Ibrahim, M.K., Zambruni, M., Melby, C.L., & Melby, 
P.C., 2017. Impact of Childhood Malnutrition 
on Host Defense and Infection. Clinical 
Microbiology Reviews, 30(4), pp.919–971.

Ikatan Dokter Anak Indonesia (IDAI)., 2011. 
Asuhan Nutrisi Pediatrik (pertama).

Jaganath, D., & Mupere, E., 2012. Childhood 
Tuberculosis and Malnutrition. The Journal 
of Infectious Diseases, 206(12), pp.1809–1815.

Jenum, S., Selvam, S., Mahelai, D., Jesuraj, N., 
Cárdenas, V., Kenneth, J., Hesseling, A.C., 
Doherty, T.M., Vaz, M., & Grewal, H.M.S., 
2014. Influence of Age and Nutritional Status 
on the Performance of the Tuberculin Skin 
Test and QuantiFERON-TB Gold in-Tube in 
Young Children Evaluated for Tuberculosis 
in Southern India. Pediatric Infectious 
Disease Journal, 33(10), pp.e260–e269.

Kementerian Kesehatan, R., 2011. Peraturan Mentri 
Kesehatan Indonesia No 1077/Menkes/
PER/2011.

Kollmann, T.R., Kampmann, B., Mazmanian, S.K., 
Marchant, A., & Levy, O., 2017. Protecting the 
Newborn and Young Infant from Infectious 
Diseases: Lessons from Immune Ontogeny. 
Immunity, 46(3), pp.350–363. 

Laghari, M., Sulaiman, S.A.S., Khan, A.H., Talpur, 
B.A., Bhatti, Z., & Memon, N., 2019. Contact 
Screening and Risk Factors for TB among the 
Household Contact of Children with Active 
TB: A Way to Find Source Case and New TB 
Cases. BMC Public Health, 19(1), pp.1–10.

Lagier, J.C., Edouard, S., Pagnier, I., Mediannikov, O., 
Drancourt, M., & Raoult, D., 2015. Current 
and Past Strategies for Bacterial Culture in 
Clinical Microbiology. Clinical Microbiology 
Reviews, 28(1), pp.208. 

Losada-Barragán, M., Umaña-Pérez, A., Durães, 
J., Cuervo-Escobar, S., Rodríguez-Vega, 
A., Ribeiro-Gomes, F.L., Berbert, L.R., 
Morgado, F., Porrozzi, R., Mendes-Da-cruz, 
D.A., Aquino, P., Carvalho, P.C., Savino, W., 
Sánchez-Gómez, M., Padrón, G., & Cuervo, 
P., 2019. Thymic Microenvironment is 
Modified by Malnutrition and Leishmania 
Infantum Infection. Frontiers in Cellular and 
Infection Microbiology, 9, pp.252. 

Marquez-Id, C., Atukunda, M., Id, L.B.B., Chamie, 
G., Kironde, J., Ssemmondo, E., Ruel, T.D., 
Mwangwa, F., Hoan, K., T., Clark, T.D., 
Kwarisiima, D., Petersen, M., Kamya, M.R., 
Charlebois, E.D., & Havlir, D.V., 2020. 
The Age-Specific Burden and Household 
and School-Based Predictors of Child and 
Adolescent Tuberculosis Infection in Rural 
Uganda.

Martinez, L., Verma, R., Croda, J., Horsburgh, 
C.R., Walter, K.S., Degner, N., Middelkoop, 
K., Koch, A., Hermans, S., Warner, D.F., 
Wood, R., Cobelens, F., & Andrews, J.R., 
2019. Detection, Survival and Infectious 
Potential of Mycobacterium tuberculosis in 
the Environment: A Review of the Evidence 
and Epidemiological Implications. European 
Respiratory Journal, 53(6), pp.1802302.

Myneedu, V.P., & Aggarwal, A., 2020. Disposal 
of the Large Volume of Sputum Positive 
for Mycobacterium tuberculosis by Using 
Microwave Sterilisation Technology as an 
Alternative to Traditional Autoclaving in a 
Tertiary Respiratory Care Hospital in Delhi, 
India. Infection Prevention in Practice, 2(3).

Nabukeera-Barungi, N., Lanyero, B., Grenov, B., Friis, 
H., Namusoke, H., Mupere, E., Michaelsen, 
K.F., Mølgaard, C., Wiese, M., Nielsen, 
D.S., Mohammed, M.K., Christensen, 
V.B., & Rytter, M., 2021. Thymus Size and 
Its Correlates among Children Admitted 
with Severe Acute Malnutrition: A Cross-
sectional Study in Uganda. BMC Pediatrics, 
21(1), pp.1–7.

Nurjana, M.A., Gunawan., & Tjandrarini, D.H., 
2019. Risiko Tuberculosis Paru Pada Balita 
Di Daerah Kumuh Indonesia. Poltekkes 
Kemenkes Palu, 1(1), pp.18–29. 

Osman, M., Verster, J., Dempers, J.J., Du Preez, K., 
von Delft, A., Dunbar, R., Welte, A., Naidoo, 
P., & Hesseling, A.C., 2021. Tuberculosis in 



348

Farsida, et all. / Relationship between Nutritional Status and Living Conditions with the Risk of Tuberculosis in Children 

Persons with Sudden Unexpected Death, 
in Cape Town, South Africa. International 
Journal of Infectious Diseases, 105, pp.75–82.

Patra, J., Bhatia, M., Suraweera, W., Morris, S.K., 
Patra, C., Gupta, P.C., & Jha, P., 2015. 
Exposure to Second-Hand Smoke and the 
Risk of Tuberculosis in Children and Adults: 
A Systematic Review and Meta-Analysis of 
18 Observational Studies. PLoS Medicine, 
2015.

Piirtola, M., Kaprio, J., Kujala, U.M., Heikkilä, K., 
Koskenvuo, M., Svedberg, P., Silventoinen, K., 
& Ropponen, A., 2016. Association between 
Education and Future Leisure-Time Physical 
Inactivity: A Study of Finnish Twins Over a 
35-year follow-up. BMC Public Health, 16(1).

Rakhmawati, W., Nilmanat, K., & Hatthakit, U., 2019. 
Moving from Fear to Realization: Family 
Engagement in Tuberculosis Prevention in 
Children Living in Tuberculosis Sundanese 
Households in Indonesia. International 
Journal of Nursing Sciences, 6(3), pp.272–277.

Roya-Pabon, C.L., & Perez-Velez, C.M., 2016. 
Tuberculosis Exposure, Infection and 
Disease in Children: a Systematic Diagnostic 
Approach. Pneumonia, 8(1), pp.1–18.

Sabiiti, W., Azam, K., Esmeraldo, E., Bhatt, N., 
Rachow, A., & Gillespie, S.H., 2019. Heat 
Inactivation Renders Sputum Safe and 
Preserves Mycobacterium tuberculosis RNA 
for Downstream Molecular Tests. Journal of 
Clinical Microbiology, 57(4).

Savino, W., & Dardenne, M., 2010. Nutritional 
Imbalances and Infections Affect the 
Thymus: Consequences on T-Cell-Mediated 
Immune Responses. The Proceedings of the 
Nutrition Society, 69(4), pp.636–643. 

Seddon, J.A., Hesseling, A.C., Godfrey-Faussett, P., 
Fielding, K., & Schaaf, S., 2013. Risk Factors 
for Infection and Disease in Child Contacts of 
Multidrug-Resistant Tuberculosis: A Cross-
sectional Study. 

Silva, D.R., Muñoz-Torrico, M., Duarte, R., 
Galvão, T., Bonini, E.H., Arbex, F.F., Arbex, 

M.A., Augusto, V.M., Rabahi, M.F., & 
Mello, F.C.de-Q., 2018. Risk Factors for 
Tuberculosis: Diabetes, Smoking, Alcohol 
Use, and the Use of Other Drugs. Jornal 
Brasileiro de Pneumologia, 44(2), pp.145.

Stevens, H., Ximenes, R.A.A., Dantas, O.M.S., 
& Rodrigues, L.C., 2014. Risk Factors 
for Tuberculosis in Older Children and 
Adolescents: A Matched Case–control 
Study in Recife, Brazil. Emerging Themes in 
Epidemiology, 11(1).

Tamara, L., Kartasasmita, C.B., Alam, A., & 
Gurnida, D.A., 2022. Effects of Vitamin D 
supplementation on Resolution of Fever 
and Cough in Children with Pulmonary 
Tuberculosis: A Randomized Double-blind 
Controlled Trial in Indonesia. J Glob Health, 
12, pp.04015.

Thanh, T.H.T., Ngoc, S.D., Viet, N.N., Van, H.N., 
Horby, P., Cobelens, F.G., & Wertheim, H.F., 
2014. A Household Survey on Screening 
Practices of Household Contacts of Smear 
Positive Tuberculosis Patients in Vietnam. 
BMC Public Health, 14(1), pp.1–7.

Thomas, T.A., 2017. Tuberculosis in Children. 
Pediatric Clinics of North America, 64(4), 
pp.893. 

Velayati, A.A., 2016. Tuberculosis in Children. 
International Journal of Mycobacteriology, 
5(1), pp.S1–S2. 

Widyastuti, N.N., Nugraheni, W.P., Yunis, T., & 
Wahyono, M., 2021. Hubungan Status Gizi 
dan Kejadian Tuberculosis Paru pada Anak 
Usia 1-5 Tahun di Indonesia (Analisis Data 
RISKESDAS 2018). Buletin Penelitian Sistem 
Kesehatan, 78, pp.89–96.

Wolkoff, P., 2018. Indoor Air Humidity, Air Quality, 
and Health – An Overview. International 
Journal of Hygiene and Environmental Health, 
221(3), pp.376–390.

Yani, D.I., Fauzia, N.A., & Witdiawati., 2018. Faktor-
Faktor yang Berhubungan dengan TBC 
Pada Anak Di Kabupaten Garut. Jurnal 
Keperawatan BSI, 6(2), pp.105–112.


