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ABSTRACT:Pulmonary Tuberculosis (Pulmonary TB) remains a serious global and national health problem,
with Indonesia ranking second in the global TB case burden. Bitung City is the area with the second highest cases
of Pulmonary TB in North Sulawesi Province, with a prevalence rate that tends to increase. Environmental factors
such as population density and the physical condition of the house are suspected to play a role in the spread of the
disease. Spatial analysis is needed to understand disease distribution patterns to support effective, region-based
interventions. This study aims to describe the spatial distribution of Tuberculosis disease in Bitung City based on
the altitude of the place and population density. This study uses a spatial analysis approach by mapping data on
area height, population density, and the average number of pulmonary TB cases per year (2020-2023 period) in
each sub-district in Bitung City. The data is analyzed descriptively by grouping each variable into specific
categories and visualized in the form of a thematic map. The results of the study show that all sub-districts in
Bitung City are included in the lowland category (0-200 meters above sea level), so that no significant variation
was found in terms of the height of the place. A total of five sub-districts have a high population density, namely
Aertembaga, Girian, Madidir, Maesa, and Matuari. This sub-district with a high population density also recorded
the highest number of pulmonary TB cases, with Maesa as the sub-district with the highest cases (97.5 cases per
year), followed by Girian, Aertembaga, Matuari, and Madidir. It was concluded that the distribution of pulmonary
TB cases in Bitung City did not show variation based on the altitude of the place, but had a correlation with
population density. Districts with high population density tend to be the areas with the highest burden of
Pulmonary TB cases. These findings emphasize the importance of public health interventions focused on densely
populated areas to control the transmission of pulmonary TB.
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1. BACKGROUND

Pulmonary tuberculosis (pulmonary tuberculosis) is an infectious disease caused by
Mpycobacterium tuberculosis (M. tuberculosis) which attacks various tissues and organs of the
body. There are 2 (two) processes of transmission of M. tuberculosis, namely through sputum
splashes of people affected by pulmonary TB (droplets) and through sputum splashes that float
in the air so that they are inhaled by other people around them (airborn). ( Suryatinah Y,
etal ., 2018) M. tuberculosis is one of the top 10 leading causes of death from a single
infectious agent (above HIV/AIDS) worldwide. ( Mathofani ,P.E, & Febriyanti ,R.,
2020)

Areport from the World Health Organization (WHO) in 2021 estimated that 10.6 million
people were infected with pulmonary TB disease, an increase of 4.5% from 10.1 million people
in 2020. Indonesia is the second contributing country to Pulmonary TB cases globally with a
case incidence rate of 9.2%, below India which has a case incidence rate of 28%.

Geographically, there are 5 regions with the most cases of Pulmonary TB in 2021, including
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45% spread across the Southeast Asian continent, 23% Africa, 18% in the Western Pacific, 2.9%
in the Americas, and 2.2% in Europe. The Southeast Asian continent is the highest number in
the world, and the 3 countries with the highest burden in Southeast Asia, namely India, China,
and Indonesia. (WHO, 2022)

The 2021 Indonesian Health Profile data states that the number of findings of all cases
of Pulmonary TB is 397,377 cases with an incidence rate of 146 per 100,000 population. West
Java is the province with the highest number of cases of pulmonary tuberculosis, with 91,368
cases (23%), followed by Central Java with 43,121 cases (10.9%) and East Java with 42,193
cases (10.6%). The Case Notification Rate (CNR) for Pulmonary TB per 100,000 population
in North Sulawesi increased from 217 cases in 2016 to 273 cases in 2018. Pulmonary TB is
one of the fourth highest diseases in North Sulawesi Province. Manado City recorded the
highest cases of Pulmonary TB followed by Bitung City and Tomohon City ranked third
(Ministry of Health, 2021). Pulmonary TB cases with the achievement of finding positive cases
of Pulmonary TB in the last three years in 2020-2023 at the Bitung City Health Office, namely
in 2021 (437 cases), 2022 (567 cases) and 2023 (534 cases). The highest number occurred in
2022 (Bitung City Health Office, 2023).

The elimination of Pulmonary TB will be held in 2035 and Indonesia will be free of
Pulmonary TB by 2050 as the target of the national Pulmonary TB control program. Pulmonary
TB control is carried out through health promotion activities, control of risk factors, discovery
and treatment of pulmonary TB cases, immunization of immunity, and administration of
preventive drugs to someone who has been in contact with pulmonary TB patients.
(Princess)  Snoop Dogg , F, P, 2022)

Referring to one of the implementation of the national strategy for the elimination of
Pulmonary TB in Presidential Regulation No. 67 of 2021, namely strengthening commitment
and leadership between the central government, provincial regions, and districts/city regions,
which is carried out through the implementation of regional-based Pulmonary TB control.
Which can be done using the spatial analysis method, so that information related to Pulmonary
TB data is obtained. ( Zachrany , 2023)

Research conducted by Damayanti et al in 2018 concluded that there is a relationship
between the risk of environmental and behavioral factors on the development of the spread of
pulmonary tuberculosis. (Damayanti et al, 2018). In general, cases of Pulmonary TB are
clustered in certain areas. The characteristics of areas that have the potential for transmission
of Pulmonary TB are areas with high population density, interaction between residents with

each other, and lack of knowledge and stigma from the community about Pulmonary TB. So
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that it triggers the public's indecision to check themselves or seek treatment at the nearest health
center. (Tanjung R, et al. 2021).

Based on the results of previous research, the majority of TB cases are found at low to
moderate altitudes (Pratama 2016; Martya 2017). The results of Hartanto et al's research show
that the distribution of pulmonary TB cases is mostly found in areas with an altitude of <150
meters above sea level. Altitude contributes to the incidence of TB where lowland areas are
3.28 times more at risk of having a high number of TB cases (Hartanto et al 2019; Tanrikulu et
al 2008).

The increase in population density resulting in changes in humidity and air temperature
also affects the increase in the number of cases of BTA+ Pulmonary TB (Achad 2010). The
results of the study show that the distribution of pulmonary TB cases in Semarang City tends
to follow the distribution of population density. High population density can increase the risk
of transmission of diseases, especially those related to the respiratory tract such as pulmonary
TB, because the chance of contact with people with pulmonary TB will be greater (Sasmita et
al 2016). Coupled with the low coverage of healthy houses. Home conditions can directly affect
the transmission of Pulmonary TB. The physical conditions of the house that usually affect the
spread of Pulmonary TB are lack of ventilation, overcrowded housing, and lack of sunlight
entering the house (Mahmuda & Rahmaniati, 2014).

Spatial-temporal analysis techniques in the case of pulmonary TB are needed for the
control of the disease because each region must have different characteristics and regional order
so that the spatial description of cases makes it easier to see the case points and specific
environmental conditions in each region in a certain period of time (Teurlai et al 2015;
Sumampouw 2020; Ottay et al 2024).

Some risk factors for Pulmonary TB are related to the region. One of the region-based
information delivery can use spatial analysis, which is a field that combines research in the
health field with Geographic Information System (GIS) through the study of environmental
epidemiology (Gatrell & Loytonen 2003). The pattern and location data of GIS results help the
epidemiology field to provide the most appropriate location clues in the provision of effective
health interventions (Hartanto et al 2010).

This research was carried out in Bitung City because Bitung City is the second highest
city/regency of Pulmonary TB cases in North Sulawesi and the prevalence rate of Pulmonary
TB also tends to increase. The results of observation found that the highest environment-based
disease in the city of Bitung is Pulmonary TB for various age groups, from children (0-14

years), adults (15-65 years) and the elderly (69-85 years). Another thing is because Bitung City
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is included in an area with high population density and interaction between residents with each
other that is at risk of increasing the spread of pulmonary TB. The purpose of this study is to

describe the spatial distribution.

2. RESEARCH METHODS

This study uses a descriptive approach with spatial analysis methods to describe the
distribution of Pulmonary Tuberculosis (TB) disease in Bitung City. Data on pulmonary TB
cases for the 2020-2023 period was obtained from the Bitung City Health Office. Other
secondary data, namely data on the height of the place and population density per sub-district,
were also collected from relevant sources. Data analysis was carried out spatially by mapping
the distribution of three main variables. First, the height of the place is classified into two
categories: lowland (0-200 meters above sea level) and highland (>200 meters above sea level).
Second, population density is categorized into three levels: low (1-250 people/km?), medium
(250-500 people/km?), and high (>500 people/km?). Third, the number of pulmonary TB cases
is calculated based on the average number of cases per year and is grouped into three categories:
low (3-25 cases), medium (25-40 cases), and high (>40 cases). All data is then processed and
visualized into a thematic map using Geographic Information System (GIS) software. The
maps were analyzed descriptively and comparatively to identify distribution patterns and
spatial relationships between the altitude, population density, and concentration of pulmonary

TB cases in each sub-district.

3. RESULTS OF RESEARCH AND DISCUSSION

Spatial analysis of the distribution of tuberculosis disease in Bitung city based on the
altitude of the place and population density. The description of the average height of the sub-
district in Bitung City is divided into 2 categories, namely low if the average is 0-200 meters
above sea level and high if > 200 meters above sea level. A spatial map of Bitung City based

on the height of the place can be seen in the following Image.
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Figure 1. Spatial Distribution of the height of the place of Bitung City

The results of this study show that Ranowulu and South Lembeh sub-districts are sub-
districts with sub-district areas whose areas are in the highland category (> 200 meters above
sea level) where Ranowulu sub-district is the sub-district with the most area in the highlands.
Furthermore, the sub-districts of Matuari, Girian, Madidir, Maesa, Aertembaga and North
Lembeh whose areas are included in the lowland category (< 200 meters above sea level). In
general, all sub-districts in Bitung City are in the low category so no variation was found for
the height of the place. Furthermore, a spatial map of Bitung City based on population density
is presented. Population density is categorized into 3 categories, namely high (> 500
people/km?), medium (250-500 people/km?) and low (1-250 people/km?). The following is
presented a spatial map of population density per sub-district in Bitung City.
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Figure 2. Population Density Map in Bitung City by Sub-district

The results of this study show that 5 sub-districts are found to be in the high-density
category (> 500 people/km?), namely Aertembaga, Girian, Madidir, Maesa and Mawari sub-
districts. There are 2 sub-districts in moderate density (250-500 people/km?), namely North
Lembeh and South Lembeh sub-districts. Ranowulu District is in the low density category (1-
249 people/km?). Furthermore, a spatial map of Bitung City is presented based on the category
of the number of cases per sub-district. The number of cases of Pulmonary TB is calculated
based on the average number of pulmonary TB per year (the number of Pulmonary TB in 2020-

2023 divided by 4 years). These results were divided into 3 groups, namely low (3—25 cases),
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medium (25-40 cases) and high (>40 cases). This can be seen in the following Image.
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Figure 3. Map of the Average Number of Pulmonary TB per Year

The results of this study show that all sub-districts in Bitung City are in the low category
so that no variation was found for the height of the place. Based on the results of previous
research, the majority of TB cases are found at low to moderate altitudes (Pratama 2016;
Martya 2017). The results of Hartanto et al's research show that the distribution of pulmonary
TB cases is mostly found in areas with an altitude of <150 meters above sea level. Altitude
contributes to the incidence of TB where lowland areas are 3.28 times more at risk of having a
high number of TB cases (Hartanto et al 2019; Tanrikulu et al 2008).

The results of this study show that 5 sub-districts are found to be in the high-density
category (> 500 people/km?), namely Aertembaga, Girian, Madidir, Maesa and Mawari sub-
districts. There are 2 sub-districts in moderate density (250-500 people/km?), namely North
Lembeh and South Lembeh sub-districts. Ranowulu District is in the low density category (1-
249 people/km?). The results of this study show that there are 5 sub-districts in the high
category, namely the highest sub-districts in Maesa (97.5 cases), Girian (81.7 cases),
Aertembaga (79.5 cases), Matuari (67.7 cases) and Madidir (65.5 cases). There is 1 sub-district
in the medium category, namely Ranowulu District (28.2 cases). There are 2 in the low category,
namely South Lembeh District (24.7 cases) and North Lembeh (16.7 cases).

The results of this study show that in sub-districts with high population density, the highest

cases of pulmonary TB were also found, namely Maesa (97.5 cases), Girian (81.7 cases),
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Aertembaga (79.5 cases), Matuari (67.7 cases) and Madidir (65.5 cases). The increase in
population density resulting in changes in humidity and air temperature also affects the increase
in the number of cases of BTA+ Pulmonary TB (Achad 2010). The results of the study show
that the distribution of pulmonary TB cases in Semarang City tends to follow the distribution
of population density. High population density can increase the risk of transmission of diseases,
especially those related to the respiratory tract such as pulmonary TB, because the chance of
contact with people with pulmonary TB will be greater (Sasmita et al 2016). Coupled with the
low coverage of healthy houses. Home conditions can directly affect the transmission of
Pulmonary TB. The physical conditions of the house that usually affect the spread of
Pulmonary TB are lack of ventilation, overcrowded housing, and lack of sunlight entering the

house (Mahmuda & Rahmaniati, 2014).

4. CONCLUSION

The conclusion of this study is shows all sub-districts in Bitung City are in the low
category so that no variation was found for the height of the place. The results of this study
show that in sub-districts with high population density, the highest cases of pulmonary TB were

also found, namely Maesa, Girian, Aertembaga, Matuari and Madidir sub-districts.
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