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Abstract

Purpose: This research aims to examine the spatial relationship between
tuberculosis cases and population density and their spatial diffusion patterns
in Bekasi Regency in 2017-2021. Methods: Research using an ecological study
design using spatial analysis to estimate and analyze the distribution of
tuberculosis prevalence related to population density in 23 sub-districts in
Bekasi Regency, compare data from 2017 to 2021, and evaluate the spatial
correlation. The data is taken from secondary data from the Bekasi District
Health Office for 2017-2021. Results: This study shows a spatial
autocorrelation between tuberculosis cases and population density from
2017 to 2021 (I>E; p-value <0,05). There is spatial diffusion of cases
characterized by expanding clusters with high tuberculosis cases. High-high
cluster in 2017, there was one sub-district. In 2018 there was also one
sub-district. In 2019 there were two sub-districts. In 2020, there were three
sub-districts. And in 2021, there were five districts. Conclusion: This research
shows a positive spatial autocorrelation in the incidence, influenced by
population density in Bekasi Regency from year to year (2017-2021) with a
clustering pattern.
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number of TB cases reaching 845,000 with a death rate
0f 98,000, or equivalent to 11 deaths/hour [2].
In 2021 the number of tuberculosis (TB) cases found

Tuberculosis is one of the top 10 diseases that cause
death and is the leading cause of a single infectious
agent (above HIV/AIDS) worldwide. Tuberculosis
produces a cough that lasts more than three weeks,
usually has sputum, and sometimes bleeds. The disease
is spread through droplets of people infected with
tuberculosis bacillus [1].

According to the World Health Organization,
tuberculosis (TB) is still a health problem today. In
2020, there were 10 million people worldwide suffering
from tuberculosis (TB), causing 1.2 million people to die
yearly. Indonesia is one of the countries with the
highest TB burden in the world, with an estimated

was 397,377 cases, an increase compared to all
tuberculosis cases seen in 2020, which was 351,936. The
highest cases were reported from large population
provinces of West Java, East Java, and Central Java [3].
Health data from West Java Province in 2021 reported
that the number of tuberculosis cases in Bekasi
Regency was 10,041 people, the second highest number
after Bogor Regency [4].

According to research in Semarang, one of the
tuberculosis cases is influenced by population density
in an area [5]. This is because people living in densely
populated areas are more likely to come into contact
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with people with tuberculosis. As a result, densely
populated regions tend to have higher cases of
tuberculosis. Other research found that the spread of
droplets containing Mycobacterium tuberculosis occurs
faster from one host to another in areas with high
population density [6].

When viewed from a regional aspect, population
density affects the spread of tuberculosis cases [7].
Furthermore, a study in China found a significant
spatial autocorrelation in the spread of tuberculosis
cases influenced by student population density in
Nanning [8]. This research used spatial statistical
analysis, linking spatial relationships into calculations.
Spatial statistics is needed to see the effect of
correlation on estimation, prediction, and design
processes using certain spatial models. Spatial analysis
is needed to find the relationship between the research
area and the area around the study [9].

Regional analysis in identifying the spread of
tuberculosis cases and their relationship to population
density can help the government identify priority areas
for tuberculosis treatment. Moreover, the results of the
statistical spatial analysis carried out in a time series
can describe the diffusion of tuberculosis cases from
year to year. Previous research on the spread of
tuberculosis in Sukabumi City showed that the pattern
of tuberculosis spread in 2018 and 2019 shows spatial
autocorrelation with random spatial patterns [9]. When
associated with population density, research in Central
Java found the spread of tuberculosis cases formed a
clustering pattern from year to year but was
statistically spatially insignificant [10]. However, no
time-series spatial research on the spread of
tuberculosis and its relation to population density in
the Bekasi Regency. This study examines the spatial
relationship between tuberculosis cases, population
density, and spatial diffusion patterns for 2017-2021.

METHODS

This study uses an ecological study design using
spatial analysis to estimate and analyze the distribution
of tuberculosis prevalence related to population
density in 23 sub-districts in Bekasi Regency, compare
data from 2017 to 2021, and evaluate spatial
correlation. This study used secondary data collected
from several open data access, such as TB cases
variable from West Java open data and population
density from health profiles of Bekasi Regency from
2017 to 2021, which are accessible on each of the
institution's official websites. The data analyzed are
aggregated data on the number of TB cases per year
and population density per sub-district per year.

This research was conducted in Bekasi Regency,

West Java, from October to December 2022, with an
area of 127,388 ha of 23 sub-districts. Furthermore, this
region has two topography: the lowlands in the
northern and the undulating plains in the southern
part [11]. The population in this study is the entire
population of Bekasi Regency, spread across 23
sub-districts. The sample of this study was residents
who were confirmed to have tuberculosis and recorded
by the Bekasi Regency Health Office.

Spatial pattern analysis in this study used the Global
Moran's Index to detect global autocorrelation and
continued with Spatial
Autocorrelation (LISA). This analysis used GeoDa
software. The null hypothesis in this study is that there
is no spatial autocorrelation between sub-district areas
in Bekasi Regency (I = E). As an alternative hypothesis,
there is a positive spatial autocorrelation between
sub-district areas in Bekasi Regency (I>E). In this study,
the significance level used was 95%, so an area is said
to have statistically significant spatial autocorrelation if
the significance value (p-value) is less than equal to
0.05 in the Global Moran's Index results and LISA
analysis.

The Global Moran's Index and LISA are statistical
analyses that can measure the relationship of spatial
proximity at the observation site by considering that
regions with spatial proximity will have similar
attribute values. The Global Moran's Index and LISA
range from -1 to +1, where a negative number indicates
negative autocorrelation, a value of 0 indicates no
autocorrelation, and a positive value indicates positive
autocorrelation. If there is a negative autocorrelation,
the adjacent regions tend to have different attribute
values, but space will form a chessboard-like pattern.
Conversely, if positive autocorrelation exists, the
adjacent region will form a cluster with almost
identical characteristics and attribute values. If the
Global Moran's Index assesses autocorrelation in the
region in general, in this case, it is Bekasi Regency. LISA
is used to assess local spatial autocorrelation between
sub-districts in Bekasi Regency. This analysis produced
information in the form of a BIiLISA Cluster Map,
BiLISA Significance Map, and Bivariate Moran's I [12].

Local Indicators of

RESULTS

Patterns of spread of tuberculosis case prevalence
related to population density

Table 1 shows Moran Index Results 2017 - 2021. To
determine the pattern of the spread of tuberculosis
prevalence and its relationship with population density
in Bekasi Regency, a global spatial analysis was carried
out with the Global Moran's Index. The spread of
tuberculosis cases and their relationship with
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population density showed a positive spatial
autocorrelation between sub-districts in Bekasi
Regency from 2017 to 2021. When connected with
population density, the spread of Tuberculosis cases in
the region offers a clustered pattern. The value of
Moran's Index indicates this> Expected index (I > E).
The result statistically shows a significant positive
spatial autocorrelation (the Z score was positive, and

the p-value < 0.05).

Table 1. Moran index 2017 - 2021

Moran's Expected .
Year Variance  Z-score p-value
Index Index
2017 0,156 -0,0455 0,104 1,7549 0,044
2018 0,1928 -0,0455 0,1096 2,107 0,035
2019 0,2307 -0,0455 0,1139 2,4175 0,017
2020 0,317 -0,0455 0,1184 3,0759 0,007
2021 0,2688 -0,0455 0,1231 2,4775 0,019
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Based on the whole, it appears that the value of
Moran's Index from 2017 to 2020 has increased, which
means that its spatial autocorrelation is increasing.
However, in 2021 there was a decrease in the value of
Moran's Index to 0.2688.

Cluster map overview of spatial diffusion patterns
and the relationship between population density
and tuberculosis cases 2017 - 2021

Based on local spatial analysis using LISA, a cluster
map and a map of the significance of the relationship
between population density and tuberculosis spread in
Figure 1 and Figure 2. In 2017, of the 23 sub-districts in
Bekasi Regency, two had significant positive spatial
autocorrelation  (p-value <0.05), Cibitung and
Cibarusah. From the cluster map, Cibitung is in
quadrant I (high-high) and has a positive spatial
autocorrelation associated with population density. The
area has a high number of Tuberculosis cases and is
surrounded by districts with an increased number of
Tuberculosis cases. On the other hand, there is one
sub-district in quadrant III (low-low), namely
Cibarusah. This positive spatial autocorrelation is
associated with population density. Cibarusah district
has a low number of Tuberculosis cases and is
surrounded by other sub-districts with a low number of
Tuberculosis cases.

Furthermore, in 2018, two sub-districts had
significant positive spatial autocorrelation, namely
Cikarang Barat and Serangbaru. Cikarang Barat Sub
District is in quadrant I (high-high) because when
related to population density, the district has high
tuberculosis cases and is surrounded by districts with
high cases. On the other hand, Serangbaru District is in

Figure 1. Cluster map of the relationship
between population density and tuberculosis cases
in Bekasi Regency 2017 - 2021

quadrant III (low-low) because it has low cases and is
surrounded by districts that have low cases as well, if it
is associated with population density.

Then, in 2019, there are four statistically significant
sub-districts: Suka Karya, West Cikarang, South
Tambun, and Setu. This year, there was an increase in
sub-districts included in the high-high cluster, namely
South Tambun District. Suka Karya, Cikarang Barat,
and Tambun Selatan sub-districts have positive spatial
autocorrelation, while Setu Subdistrict has negative
spatial autocorrelation. Cikarang Barat and Tambun
Selatan sub-districts are in Quadrant I (high-high)
because if it is associated with population density,
tuberculosis cases in the region are high and
surrounded by areas with high cases. On the other
hand, Suka Karya Subdistrict is in Quadrant III
(low-low) because it has low tuberculosis cases and is
surrounded by areas with low cases when connected
with population density. Setu Subdistrict has a negative
spatial autocorrelation and is in quadrant II low-high)
because it has relatively lower cases than the
surrounding area.

In 2020, the high-high cluster is increasing, with
four statistically significant sub-districts, and 3 of them
are in quadrant I (high-high). The sub-districts in
quadrant I are Cikarang Barat, Cibitung, and Tambun
Selatan, which shows that the area has high cases
surrounded by areas with high cases also if it is related
to population density. The existence of this cluster
seems to endanger Setu District in quadrant II
(low-high) because this area still has low cases but is
surrounded by areas with high cases when connected
with population density.
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Figure 2. Map of the significance of the relationship
between population density and tuberculosis cases
in Bekasi Regency in 2017 - 2021

Finally, in 2021, there is an increase in high-high
clusters to 5 statistically significant sub-district areas,
namely Cikarang Barat, Cibitung, Tambun Selatan,
Tambun Utara, and Setu. The addition comes from Setu
and North Tambun Districts. In the previous year, the
Setu sub-district still had a low number of cases but
was surrounded by areas with high cases. In 2021 Setu
District experienced an increase in cases like the
surrounding area. North Tambun Sub District in
previous years did not show the significance of the
pattern of spreading cases. However, in 2021, the
surrounding area affected the district and became
significant in the high-high cluster.

DISCUSSION

Based on the results of the researchers, it was found
that there was a significant positive spatial correlation
between population density and tuberculosis cases in
Bekasi Regency from 2017 to 2021 (p-value < 0.05). The
relationship between population density and
tuberculosis cases in Bekasi Regency forms a pattern
that groups based on the cluster.

Furthermore, the results show that densely
populated sub-districts tend to have high tuberculosis
cases. Areas with high population density can
potentially increase the risk of infection and facilitate
disease transmission. People living in densely
populated areas are easier to interact with tuberculosis
sufferers so that the air mixed with droplets of
tuberculosis sufferers can be more easily inhaled by
healthy people [13]. In line with this finding, a study
found statistically significant positive spatial
autocorrelation where high tuberculosis cases were in

densely populated areas [14]. Other research found
that spatial autocorrelation between population density
and tuberculosis is also closely related to AIDS cases in
the region. On the contrary, another study suggested no
significant spatial relationship between tuberculosis
cases and population density [10]. In the Central Java
region, BTA tuberculosis (+) is not only caused by
population density, but other risk factors may be
spatially significant but not included in the study.

Then, based on the significance of LISA, in 2017,
Cibitung District significantly had cases, and the
population density was quite high and running in
harmony, where an increase in the number of cases
also accompanied the increase in population density.
Geographically Weighted Regression (GWR) analysis
shows that an area's high population density positively
correlates with the prevalence of tuberculosis in Java.
On the other hand, Cibarusah has a low population
density, and the tuberculosis cases found are also low
and statistically show a meaningful relationship.
Similarly, when a region has a low population density,
the cases of tuberculosis found are also low [17].

In 2018, tuberculosis cases in West Cikarang were
quite high, supported by a fairly high population
density and statistically significant. We found a similar
thing: areas with high population density also tend to
have many tuberculosis cases [13]. In the study, the
more densely populated the region, tuberculosis cases
increased.

On the other hand, in 2018, significantly, Serangbaru
had a low population density, and the tuberculosis
cases found were also low. Whereas in the previous
year, the area included in this cluster was Cibarusah.
Research in Kebumen also found that every year, the
areas included in the low-low cluster change [18].
When initially the area is densely populated, then
experiences a decrease in density at a time, it also tends
to be followed by a decrease in tuberculosis cases in the
region [17].

Furthermore, in 2019, there was diffusion where
clusters with tuberculosis cases and high population
density increased to Cikarang Barat and Tambun
Selatan. Then, in the same year, Setu Subdistrict tended
to have a low population density and a fairly high
number of tuberculosis cases. Still, compared to other
surrounding areas, the cases tended to be lower. In
Yogyakarta, areas with low densely populated but have
quite high cases. Statistically, a significant correlation
was found between population density and
tuberculosis [19]. This condition lasted until the
following year when Setu persisted with fewer cases of
population density than its neighboring regions.
However, that year, Cibitung experienced a significant
increase in cases due to population density. Eventually,

4
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the high-high cluster in the region became three
districts. Research in China also found clusters
(groupings) of regions with high tuberculosis cases, one
of which was influenced by high population density [8].

Finally, in 2021, the spatial diffusion of cases in a
high cluster of tuberculosis cases extends to Setu and
North Tambun. From the movement of this pattern of
spread of cases, it appears that the spread of
tuberculosis is closely related to conditions in the
surrounding area. When a region has low cases, but
neighboring regions have a high prevalence of cases,
especially related to infectious diseases, the region will
gradually be affected, and cases will increase.
Especially when there are risk factors that support the
spread of the case, one of which is population density.
Population density affects a person's likelihood of
encountering tuberculosis sufferers, so densely
populated areas tend to have a high rate of the case
spreading when there is a high case of tuberculosis. In
addition, areas with high population density also tend
to have inadequate sanitation and poor hygiene,
thereby accelerating the spread of tuberculosis [6].
Furthermore, this also affects the quality of health
services obtained by sufferers. Where the area is
densely populated, the possibility of the quality of
health services is also limited [20].

Overall, there is an increase in territory included in
the high-high quadrant every year. In 2017 and 2018,
there was only one region with a high-high quadrant,
but in 2019 it increased to two regions, then in 2020 to
three regions, and 2021 to five regions. This is because
the number of tuberculosis cases in neighboring
regions influences the number of tuberculosis cases in
a region. Furthermore, the more densely populated the
region, the higher the number of tuberculosis cases
[21]. This phenomenon encourages regions with low
tuberculosis cases adjacent to high-high quadrant
regions to be affected and eventually join the quadrant.
Contrary to Pradana and Santosa’s finding (2019), the
tuberculosis group spread in Kebumen. Still, areas with
high-high quadrants tend to fluctuate.

CONCLUSION

Based on this study, there was a positive spatial
autocorrelation in the incidence of Tuberculosis, which
was influenced by population density in Bekasi
Regency from year to year (2017-2021). The spread of
tuberculosis based on population density from 2017 to
2021 shows a clustered spread pattern. Furthermore, a
significant relationship was found between population
density and tuberculosis cases in Bekasi Regency from
2017 to 2021. Ifyou look at the cluster mapping, which
was in the high-high category in 2017, there was one

sub-district area, and in 2018, there was one area. Then
in 2019, there were two districts with the high-high
category and one with the low-high category. In 2020
there are three districts with the high-high category,
and in 2021 there are five districts with the high-high
category. Clusters with the high-high category are
increasing due to the high spread of tuberculosis cases.
For this reason, Bekasi Regency Health Office and
related stakeholders in TB disease control will focus on
areas with high and low cases so that cases in these
areas are not carried over to as high as the surrounding
area.
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