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Abstract

Introduction: Mycobacterium tuberculosis bacteria can cause tuberculosis
disease. In 2022, East Java Province reported 8,398 cases of child tuberculosis
with a discovery coverage of 105.6%. This study aims to describe the distribution
of child tuberculosis incidence in East Java Province by mapping and analyzing
the correlation between livable houses, BCG immunization coverage, and
population density with the incidence of child tuberculosis in 38 districts/cities in
East Java Province from 2020 to 2022. Methods: This was a descriptive approach
with a population correlation study design using the Spearman correlation
statistical test. Secondary records from the East Java Health Profile 2020, 2021,
and 2022 were used in this study. Thirty-eight districts/cities in the province of
East Java comprised the study's population. Results and Discussion: This study
showed that there has been a positive correlation between BCG immunization
coverage in 2020 (r=0.043); 2021 (r=0.140); 2022 (r=0.214) and population
density 2020 (r=0.082); 2021 (r=0.102),; and 2022 (r=0.174) with the incidence
of child tuberculosis. Meanwhile, the correlation between livable houses and the
incidence of child tuberculosis is negative in 2020 (r=-0.990) and 2022 (r=-0.047)
but positive in 2021 (r=0.078). Conclusion: The increase in BCG immunization
coverage and population density aligns with the increase in child tuberculosis
cases. Meanwhile, an increase in the percentage of access to livable houses is
followed by a decrease in the incidence of child tuberculosis.

INTRODUCTION

Transmission of Mycobacterium tuberculosis is

cases or about 8.2% of TB cases are known to attack
children under 15 years old (3). Children’s tuberculosis
is an important component of TB control as children

the leading cause of global infection. Tuberculosis is a
contagious disease caused by the gram-positive bacteria
Mycobacterium tuberculosis. The disease spreads
through the air and most usually affects the lungs.
Tuberculosis can also target the, bones, meninges,
joints, lymph nodes, intestines, skin, and different bodily
tissues, resulting in extra-pulmonary tuberculosis (1).
This disease, if left untreated or incompletely treated,
can lead to dangerous complications, including death.
According to the World Health Organization (WHO),
tuberculosis remains the world’s tenth-largest cause of
death in 2016 (2). Mycobacterium tuberculosis does not
only affect adults. There are 450,000 deaths in children
under the age of 15 caused by TB. As many as 70,000
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aged less than 15 years account for 40-50% of the
population and there were 1 million new child TB cases
worldwide in 2016 (4). Coughing, fatigue and lethargy,
weight loss, fever, and night sweats are symptoms of
child tuberculosis. There is a higher risk for children with
compromised immune systems to become infected with
severe forms of tuberculosis such as meningitis or miliary
tuberculosis (5).

The low case notification rate makes tuberculosis
a health problem that needs to be consistently taken
seriously (6). The gap in child’s tuberculosis case finding
is a major challenge. According to the WHO, from 2018 to
2021, about 46% of TB cases in children under the age of
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15 went undiagnosed and unreported (7). In Indonesia,
the provinces with the largest cases of TB in 2021 were
West Java, Central Java, and East Java. The number of
tuberculosis cases in East Java has fluctuated throughout
the last three years, from 2020 to 2022. Primarily based
on the East Java Provincial Health Profile, in 2020 there
were 42,922 cases of tuberculosis, in 2021 there were
42,560 cases and in 2022 it increased dramatically to
78,799 cases (8).

Tuberculosis continues to be one of the most
frequent infectious diseases in children. Tuberculosis is
an important cause of morbidity and mortality in children.
However, the incidence of childhood tuberculosis has
received less attention in tuberculosis epidemiology
because >95% of children with tuberculosis have BTA (-)
sputum, thus not contributing directly to the transmission
of tuberculosis (9). Tuberculosis can affect all age
groups from children to adults. However, pulmonary
tuberculosis occurs more in productive age, namely 15-
64 years old (10). In 2021, East Java Province placed
fourth in Indonesia for the highest number of cases of
child tuberculosis, with 2.779 cases in children aged
0-14 years and case-finding coverage rate of 24%. This
number has increased from the previous year, when
there were 2.734 cases of child tuberculosis in East
Java with a case-finding coverage rate of 23.8% (8).
Meanwhile, in 2022, there were 8,398 reported cases
of child tuberculosis with a case-finding coverage of
105.6% (11).

The BCG immunization program is one of
several measures to prevent tuberculosis. Immunization
is an attempt to intentionally cause or build someone’s
immunity to a disease so that, if exposed to it in the
future, they will not become ill or just have moderate
pain. Immunization has been an achievement tale for
global health and development, saving tens of millions
of lives and protecting population health year after
year (12). According to Basic Health Research, the
percentage of Indonesian infants immunized with BCG
was 87.6% in 2013 and 86.9% in 2018. According to
the Indonesian Pediatric Association, the best timing
for BCG immunization is when the child is under three
months old (0-2 months) (13).

In addition to BCG immunization, there are
numerous environmental risk factors for child TB, namely
population density and livable homes. Tuberculosis
can be transmitted through environmental conditions,
namely in an unhealthy home environment, especially in
densely populated residential areas with poor access to
sanitation (14). The high burden of TB cases in an area
can occur due to the high population density in the area
(15). Population density can accelerate the transmission

214

Vol. 16 No.3 July 2024 (213-221)

and transfer of disease from one person to another
(16). Tuberculosis can be transmitted through droplets
of sputum released by a person with tuberculosis when
they sneeze or cough. Each BTA-positive tuberculosis
patient can transmit the disease to 10 to 15 people (17).
Therefore, high population density will lead to problems
such as the emergence of slums and, decreased
environmental quality and quality of life, accelerating the
spread of tuberculosis (18).

Regulation of the Minister of Health of the
Republic of Indonesia Number 67 of 2016 concerning
TB Control stated that dense and slum housing
environments will facilitate the transmission of TB (19).
Therefore, it is important to improve livable housing to
prevent disease infection and improve quality of life. A
habitable house is a house that meets the requirements
of building safety and minimum building area adequacy,
as well as the health of its occupants. A livable house is
composed of several indicators, including indicators of
building resilience (roof, wall, and widest floor material),
adequacy of floor area per capita of a minimum of 7.2 m?,
access to decent consuming water sources, and access
to proper sanitation (20). Research conducted in West
Java states that healthy homes positively correlate with
the discovery of tuberculosis (21).

This study aims to describe the distribution of
child tuberculosis incidence in East Java Province by
mapping and analyzing the correlation between livable
houses, BCG immunization coverage, population density
with and the incidence of child tuberculosis in 38 districts/
cities in East Java from 2020 to 2022.

METHODS

This study uses a descriptive approach with a
populace correlation study design. The secondary data
used in this research were sourced from the East Java
Health Profile for 2020, 2021, and 2022. The population
and sample in this research were 38 districts/cities
in East Java Province. The dependent variable in this
study was the number of child tuberculosis cases and
the independent variables used were BCG immunization
coverage in infants, residential density, and livable
houses. The data analysis measured the relationship
between the dependent variable, the incidence
of child TB, and the independent variables, BCG
immunization coverage in infants, population density,
and livable housing. Data on of child TB cases and BCG
immunization coverage variables were sourced from
the East Java Provincial Health Profile. Meanwhile, the
other independent variables, population density and
livable houses, were obtained from the publication of the
Central Bureau of Statistics of East Java Province. The
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data analysis technique used was the EpiMap mapping
software application. The data analysis used was the
Pearson and Spearman correlation test.

RESULTS

Correlation of Livable Housing, BCG Immunization
Coverage, and Population Density with the Incidence
of Child Tuberculosis in East Java Province in 2020-
2022

Table 1. Shows the results of the Spearman
correlation test between livable housing, BCG
immunization coverage, and population density with the
incidence of child tuberculosis in East Java Province
from 2020 to 2022.

Table 1. Correlation of Livable Housing, BCG
Immunization Coverage, and Population Density with the
Incidence of Tuberculosis in Children in East Java in 2020-
2022

Risk Factors Correlation  Coefficient

2020

Livable Housing -0.990 Very Strong

BCG Immunization Coverage 0.043 Very Weak

Population Density 0.082 Very Strong
2021

Livable Housing 0.078 Very Weak

BCG Immunization Coverage 0.140 Very Weak

Population Density 0.102 Very Weak
2022

Livable Housing -0.047 Very Weak

BCG Immunization Coverage 0.214 Very Weak

Population Density 0.174 Very Weak
Distribution and Correlation between Livable

housing and Incidence of Child Tuberculosis in East
Java Province in 2020-2022

Housing that does not meet the requirements is
one of the risk factors for pulmonary tuberculosis. The
incidence of child tuberculosis in 2021 is 2,792 cases,
whichincreased from the previous year, only 2,747 cases.
In 2021, 19 districts/cities experienced an increase in
the percentage of livable housing. Of these 19 districts/
cities, only nine districts/cities had an increase in the
percentage of livable housing followed by an increase in
child TB cases. The nine districts/cities were Ponorogo
District, Situbondo District, Tuban District, Kediri City,
Probolinggo City, Mojokerto City, Madiun City, and Batu
City.

The condition of livable housing in East Java
in 2022 was 66.28%, which means that around 6,623
households out of every 10,000 households had livable
housing. This also means that around one-third of
households in East Java still do not have livable housing
(5). The lowest percentages of households with access
to livable houses are Bondowoso District (42.93%),
Bangkalan District (44.29%), and Situbondo District
(45.10%).
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Based on the correlation test results between
the percentage of livable housing and the incidence of
child tuberculosis, the relationship showed a negative
direction in 2020 and 2022, while in 2021 it showed a
positive direction. The negative value indicates that the
increasing percentage of livable housing in districts/
municipalities in East Java was followed by a decrease
in children’s TB cases in 2020 and 2022. Meanwhile,
the positive correlation value in 2021 indicates that a
decrease in the percentage of livable houses in districts/
cities in East Java is followed by an increase in child TB
cases.

Distribution and Correlation between BCG
Immunization Coverage and Incidence of Child
Tuberculosis in East Java Province 2020-2022

In 2020, the incidence of child tuberculosis in East
Java Province was 2,747 cases, with 98.8% BCG vaccine
coverage. Surabaya City, Jember District, and Pasuruan
District had the highest rates of child tuberculosis in 2020.
In 2021, the cases of child tuberculosis in East Java
Province doubled from the previous year to 2,792 cases.
Meanwhile, BCG vaccine coverage in 2021 dropped
to 95.6%. Although the incidence of child tuberculosis
in East Java Province grew in 2021, 15 districts/cities
had a drop in the number of cases. Only four of the 15
districts/cities had an increase in BCG vaccine coverage
for babies as the number of child tuberculosis cases
decreased. The four districts/cities are Lumajang,
Madiun, Blitar, and Madiun City, whereas, in 2022, there
was a drastic increase in the cases of child tuberculosis
in East Java Province to 8,398 cases. This year, all
districts/cities in East Java experienced an increase
in child tuberculosis cases compared to the previous
year. The three districts/cities with the highest cases are
Surabaya City, Sidoarjo Regency, and Jember Regency.
Thus, for three consecutive years, from 2020 to 2022,
Surabaya City ranked first for the highest number of child
tuberculosis cases in East Java Province.

The Spearman correlation test results show
a positive relationship between BCG immunization
coverage and the incidence of child tuberculosis. These
results indicate that an increase in BCG immunization
coverage in districts/cities in East Java was followed by
an increase child tuberculosis cases in 2020, 2021, and
2022..

Distribution and Correlation between Population
Density and Incidence of Child Tuberculosis in East
Java Province in 2020-2022

Child tuberculosis in East Java Province reached
2,747 cases in 2020. Surabaya City, Jember Regency,
and Pasuruan Regency had the most tuberculosis cases
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in children in 2020. Of the three districts/cities, only
Surabaya City has a high population density of 21,250
people/km2 according to BPS Regulation No. 37 of 2010
concerning Urban and Rural Classification in Indonesia.
Meanwhile, Kabupaten Jember and Kabupaten Pasuruan
had a medium population density in 2020.

In 2021, more than 50% or 20 districts/cities in
East Java had a greater population density than last
year. It was also followed by an increase in the number
of children TB cases from 2,747 cases to 2,792 cases.
There were nine districts/cities that experienced an
increase in child TB cases and an increase in population
density. The nine districts/cities are Malang District,
Situbondo District, Mojokerto District, Magetan District,
Tuban District, Gresik District, Sumenep District, Malang

Vol. 16 No.3 July 2024 (213-221)

City, Mojokerto City, and Surabaya City.

In 2022, the incidence of children’s TB in all
districts/cities in East Java increased compared to the
previous year with a total of 8,398 cases. This is in line
with the increased population density in 34 districts/cities,
and only four districts/cities have decreased in population
density, namely Pacitan District, Kediri District, Jombang
District, and Nganjuk District.

Based on the Spearman correlation test results
between population density and the incidence of child
tuberculosis, the direction of the relationship is positive.
These results indicate that the increase in population
density in districts/cities in East Java was followed by
an increase in child tuberculosis cases in 2020, 2021,
and 2022.
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Figure 1. Distribution Map of Livable Housing and Child TB Incidence in East Java Province 2020-2022

2020 .

@

2021 :

Map Legend

I:] Missing / Excluded

. Less than 25
. 251050
. 5010 75
[:l 7510 100

|:| 100 and above

@ 5 Cases of Child TB

Figure 2. Distribution Map of BCG Immunization Coverage and Child TB Incidence in East Java Province 2020-2022
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Figure 3. Distribution Map of Population Density and Child TB Incidence in East Java Province 2020-2022

DISCUSSION

Every year, more than 15 million children are
exposed to tuberculosis, and an estimated 7.5 million
children are latently infected. In the province of East
Java, Surabaya City always ranks first in contributing
the most cases of pediatric tuberculosis due to its high
population  and the large number of migrants who
often carry the bacteria that cause tuberculosis, thereby
increasing transmission. Of the children infected with
latent tuberculosis each year, approximately 1-1.2 million
are estimated to develop active disease, more than half
of whom are under 5 years of age. A combination of
immunological, environmental and behavioral factors
means that children under 5 years old have the highest
incidence and greater risk of developing tuberculosis than
adults. In areas with a high incidence of tuberculosis, as
much as 20% of the total TB burden is estimated to be
in children (22).

The presence of a source of transmission,
contact history of patients, socioeconomic status,
exposure level, virulence of the bacillus, low body
resistance due to genetics, nutritional status, fecal
factors, age, nutrition, immunization, and environmental
factors, such as the condition of the physical environment
of housing (temperature, ventilation, lighting, humidity,
and the surrounding environment) and work are all
factors that contribute to tuberculosis disease (23).
A study conducted in Southeast Brazil showed that
children can only be infected through close contact with
a person suffering from active bacillary TB (24). There
is twice the risk of tuberculosis infection among children
living in poor neighborhoods, compared to children living
in non-poor neighborhoods (25). The habit of living with
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a large family in one house is one of the environmental
risk factors for tuberculosis transmission. Therefore,
a standard of residential density is based on a simple
house building of at least 10m? inhabited by one person
(26).

If housing conditions do not fulfill health
standards, this could be a factor in the spread of multiple
diseases, including tuberculosis. Research conducted at
the Jember Regency stated that there was a relationship
between temperature, humidity, lighting and ventilation
area with the incidence of child tuberculosis (27). The
sufficient floor size per person of at least 7.2 m? is one
of the criteria for a livable home in East Java Central
Bureau of Statistics. The correlation value for 2020
and 2022 is consistent with a study in Yogyakarta City
that demonstrated a negative relationship between the
incidence of tuberculosis and residential density, with
the incidence of tuberculosis increasing with decreasing
residential density (28). In addition, poor communities
are more susceptible to TB as they tend to have
poorly constructed, poorly ventilated and overcrowded
homes. One of the things that can affect the incidence
of tuberculosis in children is the lack of ventilation and
population density. Furthermore, appropriate sanitation
is another indicator. Long-term disruptions in family
health can result from uncomfortable physical sanitation
at home (29).

In childhood, growth and development occur
very rapidly. So more efforts are needed to maintain
their health, create a healthy, smart, and quality next
generation, and decrease child mortality rates. Efforts
to improve and maintain children’s health can be made
from the womb until the child is 18 years old. Meanwhile,
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children in the first five years of life still have a low
immune system so they are vulnerable to diseases
including pulmonary tuberculosis (30). Children are
usually infected with tuberculosis from adults who
have progressive cavitary lesions that release infected
droplets into the air. Prolonged contact (such as through
repeated exposure to coughing, kissing, and dust in the
environment) must occur before the child develops active
tuberculosis disease (31). Exposure to tuberculosis
patients increases the risk of infection for neonates and
children. Most cases occur within weeks after contact
investigations, and prophylaxis is ineffective (32).

The small correlation between population
density and the incidence of childhood tuberculosis
may be due to a combination of unhealthy home
environment factors and the quality of tuberculosis
prevention programs such as BCG immunization. One
of the most popular immunizations for infants and young
children in the 20th century was the Bacillus Calmette-
Guérin (BCG) vaccine, used to eradicate tuberculosis.
The WHO advises administering BCG immunization to
infants in nations where tuberculosis is highly prevalent.
This vaccination is meant to protect children from
tuberculosis, but it offers far less protection to adults
(33). The BCG is more effective in protecting newborns
against severe types of tuberculosis (34).

The small correlation between BCG immunization
coverage and the incidence of child TB in this study is not
a problem because the small strength of the correlation
is due to the incidence of TB being more related to the
child’s immune system. Children are very susceptible
to TB infection. One of the causes of TB in children is
nutritional status. A poor one causes a weak immune
system, making contracting tuberculosis easier (35).
The developing immune system in young children reacts
to infection with M. tuberculosis with a broad array of
patterns that would help the diagnosis and could also
be used as biomarkers to follow the disease progression
(36). TB germs become active if the immune system
cannot stop them from growing. It is called active TB
disease when TB germs are active (multiplying in your
body). Children with active TB disease feel sick and they
may also be able to spread the germs to people they
spend time with every day.

The findings of this study are consistent with
research conducted in Central Java Province, which found
a positive association (r=0.406 and r=0.324) between
the incidence of child tuberculosis and BCG vaccine
coverage (37). Furthermore, a study by Bangka Regency
demonstrates that the incidence of child tuberculosis and
the BCG vaccination program are significantly correlated,
with an OR=6.87 (38). This results indicate that the risk
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of tuberculosis was 6.87 times greater among children
who did not receive the BCG vaccination than in those
who did. On the other hand, a study carried out at RSUD
Dr. Moewardi Surakarta produced contradictory findings,
indicating no significant correlation between the incidence
of pulmonary tuberculosis in children under five and the
BCG vaccination program (39). Because the body’s
immune response to BCG immunization is impacted by
several factors, including age, genetics, nutrition, past
infection history, and the type of vaccine strain used,
BCG vaccinations’ efficiency may vary (40).

Population density is a condition that describes
the number of residents versus the area (41). Interactions
with TB patients can increase the risk of transmission of
the disease. Therefore, this may occur in neighborhoods
with high population density (42). Eachregion’s population
density increases each year because people tend to
move to cities or regencies that provide many jobs. This
study’s findings are similar to research conducted in
India, which discovered a positive and strong correlation
(r=0.7651) between the number of tuberculosis cases per
1000 people and population density (43). People living in
densely populated and poorly ventilated areas are more
likely to be infected with tuberculosis. Population density
can accelerate disease transmission from one person to
another, especially in diseases transmitted through air/
droplets. In tuberculosis disease, in a dense population
Mycobacterium tuberculosis in the air can be inhaled
easily by many people, thus facilitating infection (44).

The global commitment to end tuberculosis is
outlined in the End TB Strategy, which aims to reduce
tuberculosis incidence by 80% and deaths from
tuberculosis by 90% by 2030. Efforts to reduce the risk
of childhood tuberculosis transmission are important
at the family level because children spend much time
with their families at home. Unhealthy behavior can
increase the number of tuberculosis cases. Examples of
these behaviors are utilizing eating or drinking utensils
together, inadequacy of lighting in the house, and the
habit of spitting carelessly. There are still many myths
related to tuberculosis transmission in the community. For
example, people assume that the cause of tuberculosis
is not due to direct contact with people with tuberculosis
but due to smoking, drinking alcohol, eating junk food,
sleeping on the floor, and sleeping late at night (45).
Risk factors for children’s TB infection occur because
of history of contact with adult TB, so it is important to
detect early in children by tracing the source of contact
in adults to organize prevention for children (46). One
form of preventing childhood TB in schools is by sharing
roles with schools in the prevention and control of TB,
namely in the form of health promotion efforts in schools,
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efforts to control risk factors for TB transmission in
schools, activities to support the creation of Clean and
Healthy Living Behavior in schools in preventing TB and
improving health (47).

CONCLUSION

Tuberculosis is a contagious disease caused by
Mycobacterium tuberculosis. BCG immunization is one of
the efforts to prevent tuberculosis by providing immunity
to infants and children by introducing vaccines into the
body. The data analysis found a very strong positive
correlation in 2020 between BCG immunization coverage
and the incidence of child TB, while in 2021 and 2022
the correlation value is very weak. This suggests that
the larger the coverage of BCG vaccine, the greater the
incidence of child tuberculosis. The correlation between
population density and the incidence of child tuberculosis
in 2020, 2021, and 2022 is positive with a very weak
strength. Thus, the higher the population density, the
higher the incidence of child tuberculosis. Meanwhile, the
correlation between livable housing and the incidence of
child tuberculosis was negative in 2020 and 2022 with
very strong and very weak strengths, respectively. For
2021, the correlation between livable housing and the
incidence of child tuberculosis is positive.

ACKNOWLEDGMENTS

Thank you to the lecturers from the Faculty of
Public Health at Airlangga University who assisted in
completing this research and to the East Java Provincial
Health Office and also the East Java Provincial Statistics
Agency for providing secondary data to support this
research. The data collected from the East Java
Provincial Health Office and the East Java Provincial
Statistics Agency were essential for the researcher to
comprehensively analyze the prevalence and risk factors
of childhood tuberculosis.

REFERENCES

1. Khan MK, Islam MN, Ferdous J, Alam MM. An
Overview on Epidemiology of Tuberculosis.
Mymensingh Med Journal. 2019;28(1):259-266.
https://pubmed.ncbi.nlm.nih.gov/30755580/

2. Husada S, Anti T, Sari P. Potential Anti-Tuberculosis
Activity of Gotu Kola Leaf Extract (Centella Asiatica
L. Urban) in Inhibiting the Growth of Mycobacterium
Tuberculosa.JurnalllmiahKesehatan SandiHusada.
2020;9(2):878-888. https://doi.org/10.35816/jiskh.
v12i2.429

3. Wijayanti HN, Tamtomo D, Suryani N. Hubungan
Antara Pemberian Imunisasi BCG, Status Gizi dan
Lingkungan Rumah dengan Kejadian Penyakit TB

219

10.

11.

12.

13.

14.

Vol. 16 No.3 July 2024 (213-221)

Paru pada Anak Balita. Holistik Jurnal Kesehatan.
2020;14(3):420-428. https://doi.org/10.33024/hjk.
v14i3.2954

Prasetyo A. Tatalaksana Terkini Infeksi Laten
Tuberkulosis pada Anak. Cermin Dunia Kedokteran.
2019;46(2):146—148. https://doi.org/10.55175/cdk.
v46i2.515

Sterling TR, Njie G, Zenner D, Cohn DL, Reves R,
Ahmed A, et al. Guidelines for The Treatment of
Latent Tuberculosis Infection: Recommendations
from The National Tuberculosis Controllers
Association and CDC, 2020. MMWR Recomm
Reports. 2020;6(1):1-11 https://doi.org/10.15585/
mmwr.rr6901a1

Soesanto A, Anam MS, Arkhaesi N, Pratiwi R.
Kejadian dan Faktor Risiko Tuberkulosis pada
Anak Penghuni Padat Penduduk: Studi pada
Rusun Kudu. Sari Pediatri. 2022;24(1):1-6 https://
doi.org/10.14238/sp24.1.2022.1-6

Astuti SSK, Rakhmawati W, Hendrawati S, Maryam
NNA. Pengetahuan dan Sikap Orang Tua Terkait
Tuberkulosis Anak di RSUD Bhakti Dharma
Husada Kota Surabaya. Jurnal llmu Pendidikan.
2020;5(6):1753-1768. https://doi.org/10.33024/mnj.
v5i6.8784

Ministry of Health of the Republic of Indonesia.
Indonesia Health Profile 2021. Jakarta: Indonesian
Ministry of Health; 2022. https://www.kemkes.go.id/
id/profil-kesehatan-indonesia-2021

Muharam T, Sudirman AA, Modjo D. Faktor Risiko
Kejadian Tuberkulosis Pada Anak di RSUD
Toto Kabila. Detector: Jurnal Inovasi Riset lImu
Kesehatan. 2023;1(2):110-123. https://ejurnal.
politeknikpratama.ac.id/index.php/Detector/article/
view/1366

Nafsi AY, Rahayu SR. Analisis Spasial Tuberkulosis
Paru Ditinjau dari Faktor Demografi dan Tingkat
Kesejahteraan Keluarga di Wilayah Pesisir.
HIGEIA (Journal of Public Health Research and
Development). 2020;4(Special 3):460-469. https://
journal.unnes.ac.id/sju/index.php/higeia/article/
view/34567

Distric Health Office of East Java. Health Profile of
East Java Province 2022. Surabaya: Distric Health
Office of East Java; 2023. https://dinkes.jatimprov.
go.id/userfile/dokumen/PROFIL KESEHATAN
JATIM 2022.pdf

Hargono A, Syahrul F, Indriani D, Chalidyanto D,
Megatsari H, Artanti KD, et al. Parent’'s Knowledge
about Immunization with Missed Opportunity for
Vaccination in Children. Malaysian Journal of
Medicine and Health Sciences. 2022;18(1):101—
106. https://medic.upm.edu.my/upload/
dokumen/2022110210162915_1481.pdf

Kusnanto K, Arifin H, Kurniawati Y. Determinant of
BCG Vaccine Coverage among Indonesian Children
Aged 0-2 Months. Children and Youth Services
Review. 2020;116(1):1-6. https://doi.org/10.1016/j.
childyouth.2020.105238

Wulandari DN, Salamah M. Pemodelan Jumlah
Penderita Tuberkulosis di Provinsi Jawa Timur




Jurnal Kesehatan Lingkungan/10.20473/jkl.v16i3.2024.213-221

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Tahun 2018 Menggunakan Metode Generalized
Poisson Regression. Jurnal Sains dan Seni ITS.
2022;11(1):D36-D42. https://doi.org/10.12962/
j23373520.v11i1.62721

Ministry of Health of the Republic of Indonesia.
Tuberculosis Control Program Report 2021 Jakarta:
Ministry of Health of the Republic of Indonesia;
2022.

Srisantyorini T, Nabilla P, Herdiansyah D,
Dihartawan, Fajrini F, Suherman. Analisis Spasial
Kejadian Tuberkulosis di Wilayah DKI Jakarta Tahun
2017-2019. Jurnal Kedokteran dan Kesehatan.
2022;18(2):m131-m138.  https://jurnal.umj.ac.id/
index.php/JKK/article/view/7343

KristiniT,HamidahR.PotensiPenularan Tuberculosis
Paru pada Anggota Keluarga Penderita. Jurnal
Kesehatan Masyarakat Indonesia. 2020;15(1):24-
28. https://doi.org/10.26714/jkmi.15.1.2020.24-28

Haq A, Achmadi UF, Susanna D. Analisis Spasial
(Topografi) Tuberkulosis Paru di Kota Pariaman,
Bukittinggi, dan Dumai Tahun 2010-2016. Jurnal
Ekologi Kesehatan. 2020;18(3): 149-158. https://
doi.org/10.22435/jek.v3i18.80

Ministry of Health Republic of Indonesia. Regulation
of Ministry of Health Republic Indonesia No. 67
Year 2016 about Tuberculosis Prevention. Jakarta:
Ministry of Health Republic of Indonesia; 2016.

East Java Central Bureau of Statistics. Housing and
Settlement Statistics of East Java Province 2022.
Surabaya: East Java Central Bureau of Statistics;
2023. https://jatim.bps.go.id/

Noerhalimah T. The Scope Of PHBS In Household
And Healthy Home With The Incidence Of
Tuberculosis In West Java. Journal of Public Health
Research and Community Health Development.
2020;4(1):28-42. https://doi.org/10.20473/
johrecode.v4i1.15005

The United Nations International Children’s
Emergency Fund. Desk Review: Pediatric
TuberculosiswithAFocusonIndonesia. Jakarta: The
United Nations International Children’s Emergency
Fund; 2022. https://www.unicef.org/indonesia/
reports/desk-review-pediatric-tuberculosis-focus-
indonesia

Arifin S, Marlinae L, Husaini, Khairiyatie L, Waskito
A. Penerapan Program Bina Rumah Sehat Untuk
Percepatan Status Kesehatan Anak TB. Pro
Sejahtera. 2020;2(1):43-51. https://snllb.ulm.ac.id/
prosiding/index.php/snllb-abdimas/article/view/410

Alves YM, Berra TZ, Alves LS, De Assis IS,
Arcoverde MAM, Ramos ACV, et al. Risk Areas for
Tuberculosis among Children and Their Inequalities
in A City from Southeast Brazil. BMC Pediatrics.
2020;20(1):1-9.  https://doi.org/10.1186/s12887-
020-02364-7

Siddalingaiah N, Chawla K, Nagaraja SB, Hazra D.
Risk Factors for The Development of Tuberculosis
among The Pediatric Population: A Systematic
Review and Meta-Analysis. European Journal of
Pediatrics. 2023;182(7):3007-3019. https://doi.
org/10.1007/s00431-023-04988-0

220

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Vol. 16 No.3 July 2024 (213-221)

Pratiwi RD, Pramono D, Junaedi J. Socio-Economic
and Environmental Risk Factors of Tuberculosis
in Wonosobo, Central Java, Indonesia. J Kesehat
Masy. 2020;16(1):61-70. https://doi.org/10.15294/
kemas.v16i1.12636

Savitri GAMA. Determinan Kejadian Tuberculosis
Anak di Wilayah Kerja Puskesmas Sukorambi
Kabupaten Jember. Skripsi. Jember: Universitas
Jember; 2023. https://repository.unej.ac.id/xmlui/
handle/123456789/118077

Ardiyanti M, Sulistyawati, Puratmaja Y. Spatial
Analysis of Tuberculosis, Population and Housing
Density in Yogyakarta. Epidemiology and Society
Health Review. 2021;3(1):28-35. https://doi.
org/10.26555/eshr.v3i1.3629

Mayasari E, Risnasari D, Chei NE. Analysis of
Pulmonary Tuberculosis based on Home Sanitation
in Sembung Hamlet, Margopatut East Java.
STRADA Jurnal llmiah Kesehatan. 2022;11(1):78—
83. https://doi.org/10.30994/sjik.v11i1.894

Ekawati D. Pengaruh Faktor Risiko, Usia, Jenis
Kelamin dan Status Imunisasi pada Kasus TB
Paru Anak di Puskesmas Merdeka. KOLON/ Jurnal
Muiltidisiplin llmu. 2022;1(3):965-971. https://koloni.
or.id/index.php/koloni/article/view/395

Rita E, Qibtiyah SM. The Relationship of Contacts
with Tuberculosis Patients to the Incidence of
Pulmonary Tuberculosis in Children. Indonesian
Journal of Nursing Sciences and Practice.
2020;3(1):35-41. https://jurnal.umj.ac.id/index.php/
ijnsp/article/view/6900/4308

Martinez L, Cords O, Horsburgh CR, Andrews
JR, Acuna VC, Desai Ahuja S, et al. The Risk of
Tuberculosis in Children After Close Exposure:
A Systematic Review and Individual-Participant
Meta-Analysis. Lancet. 2020;395(10228):973—-984.
https://doi.org/10.1016/S0140-6736(20)30166-5

Roy RB, Whittaker E, Seddon JA, Kampmann
B. Children and Mycobacterium Tuberculosis: A
Review of Susceptibility and Protection. Lancet
Infectious Diseases. 2019;19(3):e96—e108. https://
doi.org/10.1016/S1473-3099(18)30157-9

Liao Q, Zheng Y, Wang Y, Ye L, Liu X, Jiao W,
et al. Effectiveness of Bacillus Calmette-Guérin
Vaccination Against Severe Childhood Tuberculosis
in China: A Case-Based, Multicenter Retrospective
Study. International Journal Infectious Disease.
2022;121(1):113-119. https://doi.org/10.1016/j.
ijid.2022.04.023

Farsida, Febrianti R, Lutfy N, Rahmini, Syahniar R.
Relationship between Nutritional Status and Living
Conditions with the Risk of Tuberculosis in Children.
Jurnal Kesehatan Masyarakat. 2023;18(3):341-348
https://doi.org/10.15294/kemas.v18i3.35343

Gutiérrez-Gonzalez LH, Juarez E, Carranza C,
Carreto-Binaghi LE, Alejandre A, Cabello-Gutiérrrez
C, et al. Immunological Aspects of Diagnosis and
Management of Childhood Tuberculosis. Infect
Drug Resist. 2021;2021(14):929-946. https://doi.
0rg/10.2147%2FIDR.S295798

Suryaningtyas NH, Inzana N. Gambaran Kejadian




Jurnal Kesehatan Lingkungan/10.20473/jkl.v16i3.2024.213-221

38.

39.

40.

41.

42.

TB Anak Berdasarkan Cakupan Imunisasi BCG
dan Lingkungan Rumah Di Provinsi Jawa Tengah
Tahun 2017 dan 2018. Sel Jurnal Penelitian
Kesehatan. 2020;7(1):19-32. http://ejournal2.bkpk.
kemkes.go.id/index.php/sel/article/view/3453

Wulanda AF, Delilah S. Efektivitas Imunisasi BCG
terhadap Kejadian Tuberkulosis Anak di Kabupaten
Bangka. Jurnal Kesehatan Poltekkes Kemenkes
Rl Pangkalpinang. 2021;9(1):37—41. https://doi.
0rg/10.32922/jkp.v9i1.333

Fatahillah H, Andarini I, Hidayah D. Hubungan
Imunisasi BCG dengan Tuberkulosis Paru pada
Anak Balita di RSUD Dr.Moewardi. Plexus Medical
Journal. 2022;1(1):18-23. https://doi.org/10.20961/
plexus.v1i1.15

Tanner R, Villarreal-Ramos B, Vordermeier HM,
McShane H. The Humoral Immune Response
to BCG Vaccination. Frontiers in Immunology.
2019;10(1):1-18. https://doi.org/10.3389/
fimmu.2019.01317

Irham AR, Putri RM. Kepadatan Penduduk
Terhadap Indeks Pembangunan Manusia di Provinsi
Lampung. Media Komun Geogr. 2023;24(1):91-
100. https://doi.org/10.23887/mkg.v24i1.60261

Tuntun M, Aminah S, Yusrizal CH. Distribution
Pattern and Spatial Analysis of Factors for
Tuberculosis (TB) Cases in Bandar Lampung City
in 2022. Bali Medical Journal. 2023;12(1):50-58.
https://doi.org/10.15562/bmj.v12i1.3918

221

43.

44.

45.

46.

47.

Vol. 16 No.3 July 2024 (213-221)

Rao M, Johnson A. Impact of Population Density
and Elevation on Tuberculosis Spread and
Transmission in Maharashtra, India. Journal of
Emerging Investigators. 2021;4(1):1-5. https://doi.
org/10.59720/21-056

Lestari AA, Makful MR, Okfriani C. Analisis
Spasial Kepadatan Penduduk Terhadap Kasus
Tuberkulosis di Provinsi Jawa Barat 2019-2021.
Jurnal Cahaya Mandalika. 2021;3(2):577-584.
https://ojs.cahayamandalika.com/index.php/JCM/
article/view/1663

Sugion S, Ningsih F, Ovany R. Hubungan Tingkat
Pengetahuan Keluarga dengan Upaya Pencegahan
Penularan Tuberculosis Paru di Wilayah Kerja
UPT Puskesmas Pahandut. Jurnal Surya Medika.
2022;8(3):228—-234. https://doi.org/10.33084/jsm.
v8i3.4516

Farsida F, Kencana RM. Gambaran Karakteristik
Anak dengan Tuberkulosis di Puskesmas
Pamulang Tangerang Selatan. Muhammadiyah
Journal of Midwifery. 2020;1(1):12-18. https://doi.
org/10.24853/myjm.1.1.12-18

Ernirita E, Mujiastuti R, Awaliah A, Zuryati M,
Widiastuti E, Idriani |, et al. Pemberdayaan
Kemandirian Warga Sekolah Sehat dan Peduli
TBC dalam Gerakan Bersama (Geber) Melawan
Tuberkulosis. Kontribusi: Jurnal Penelitian dan
Pengabdian Kepada Masyarakat. 2023;3(2):160—
172. https://doi.org/10.53624/kontribusi.v3i2.207




