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Abstract

Background: Dengue is a viral infection transmitted to humans through
the bite of Aedes aegypti and Ae. Albopictus mosquitoes. Demographic
factors that may influence the development and prevalence of dengue
cases include variations in population density, community characteristics,
and economic and social demographics. This study aimed to determine
the distribution, spatial autocorrelation, and relationship between
population density and dengue.

Methods: Secondary data analysis was conducted in South Hulu Sungai
Regency, South Kalimantan, Indonesia. Data on dengue cases, population
density for each district, and base maps were collected to and then be
used as analysis material. Spatial autocorrelation was analyzed using
the Moran’s index and Local Spatial Autocorrelation Index (LISA), then
the correlation of population density with dengue was carried out using
linear regression.

Results: Spatial Autocorrelation had positive autocorrelation and
clustered spatial patterns in 2017 and 2018; whereas in 2019-2021 was
negative and the spatial pattern was spread. There was a decrease in
cases from high to low (HL) in Kandangan District in 2021, which was
previously high to high (HH) in 2017-2019. There was a correlation
between population density and dengue (R-value=0.448) with a moderate
category.

Conclusions: Dengue cases are more widespread in Kandangan. The
spatial autocorrelation of dengue that occurs between sub-districts in
South Hulu Sungai Regency is due to sub-districts location in the city
center. There is a correlation between dengue and population density.
Therefore, controlling dengue should be prioritized in the city center area
first to break the chain of dengue transmission between sub-districts in
South Hulu Sungai Regency.
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Introduction

An infected mosquito transmits dengue virus
(DENV) to humans through its bite, and Aedes
aegypti is the main vector of this disease.>?
The fastest-growing mosquito in the world
infects 390 million people every year? The
distribution of dengue cases is found in tropical
and subtropical areas.* Although this mosquito
can thrive in natural containers such as the
hollows of bromeliad trees, the mosquito is

now well adapted to urban habitats, especially
in man-made containers such as old clay pots
that are dry and weather-worn. Dengue fever
has become a dangerous disease in densely
populated urban centers.® Aedes albopictus is
a secondary vector of the dengue virus and
prefers breeding sites near dense vegetation,
including plantations associated with a high
risk of rural workers such as rubber and oil
palm plantations, but is also common in urban
areas.®
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According to the World Health Organization
(WHO), dengue fever cases doubled from
24 million in 2010 to 52 million in 2019.
The global incidence of dengue fever has
increased dramatically, affecting about half of
the world’s population. Between 100 million
and 400 million people are infected each
year, more than 80% of whom are usually
mild and asymptomatic.” Dengue fever cases
in Indonesia, with a cumulative number of
confirmed cases from January 2022, were
reported as many as 87,501 cases (Incidence
Rate (IR) 31.38/100,000 population) and 816
deaths (case fatality rate (CFR) 0.93%). South
Kalimantan is a dengue-endemic area with
cases reaching 764, a far increase compared
to 2021, which was only 201 cases. One of
the districts in South Kalimantan that has a
high case rate of dengue is South Hulu Sungai
Regency which ranks 3™ in cases of dengue. 8°

Factors that can influence the increasing
and spreading of dengue cases include
environmental factors such as geographical
(weather and climate) and demographic
(dynamics of population density, social,
economic demographic), and pathogenic
factors as well as the host factor.?° Population
density affects the number of houses and
indirectly, if it is accompanied by the behavior
of littering and not closing water reservoirs,
it will become a habitat for mosquitoes.!* The

Legend

high number of mosquitoes provides a high
potential for dengue transmission as well.

The population density affects the
incidence of dengue every year with a strong
value of a moderate relationship, this is
because people tend to group and gather in
one location.'? The risk of infection in the
community also depends on the knowledge
about dengue and the implementation of daily
vector control activities.'®* Therefore, this study
aimed to determine the distribution, spatial
autocorrelation, and relationship between
population density and dengue. This study
is expected to provide an overview of the
pattern of distribution of cases and mitigation
measures for controlling dengue fever.

Methods

This quantitative analytical study used a time
trend ecological research design to examine
the correlation of population density with
dengue cases. The population of this study
was the population in the South Hulu Sungai
region and dengue cases were all confirmed
dengue cases from the Public Health Center
reported to the South Hulu Sungai Regency
Health Office.

The secondary survey data were employed.
Data on dengue cases per district per month
in the period 2017-2021 were obtained
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Figure 1 Map of South Hulu Sungai Regency, South Kalimantan Province, Indonesia
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from the South Hulu Sungai Regency Health
Office. Meanwhile, data on population density
per district were obtained from the Badan
Pusat Statistik (BPS-Statistic Indonesia).
This research has received approval from
the National Unity and Politics Agency of
South Hulu Sungai Regency with Number
070/145/B-Kesbangpol.

In brief, about the location of South Hulu
Sungai Regency; this area consisted of 15
districts and 144 villages. Astronomically,
South Hulu Sungai Regency was located
between 02°29'58” to 02°56’10” South
Latitude and 144°51'19” to 115°36’19” East
Longitude. The administrative boundaries of
South Hulu Sungai Regency were as follows:
to the north it bordered North Hulu Sungai
Regency and Central Hulu Sungai Regency, to
the south itbordered Tapin Regency, to the east
it bordered Central Hulu Sungai Regency and
Kota Baru Regency, and to the west it bordered
North Hulu Sungai Regency and Tapin Regency
(Figure 1).

The collected data were analysed with
Geographic Information System (GIS) using
QGIS 3.22.10 and GeoDA version 1.6 to
determine the distribution of dengue cases
and population size. Spatial autocorrelation
analysis in this study used two methods,
namely the global Moran’s index and the
Local Indicator of Spatial Autocorrelation
(LISA). Global spatial autocorrelation or
Global Moran’s Index was a measuring tool
for calculating global spatial autocorrelation,
showing grouped or random relationships.*
The relationship between population density
and dengue was analysed by simple linear

regression, using statistical data processing
software.

Results

The results of the study showed that the most
dengue cases were in the Kandangan and
Simpur district which were also district with
high population density, whereas the lowest
cases were in the Loksado. The highest case
data in 2018 were 396 cases, while the lowest
cases were in 2021 with 4 cases (Table 1).

The distribution of dengue cases was known
to be close to neighboring districts such as
Kandangan, Simpur, Sungai Raya, and Padang
Batung. In 2018, there were 35-70 cases
in Simpur, Sungai Raya, and Padang Batung
districts, while Kandangan districts had 70-
105 cases. The density category in Kandangan
district was at very high density, Sungai Raya
district has high density, Simpur district had
medium density, and Padang Batung district
had low density (Figure 2).

The results of the global Moran’s Index test
showed a positive and negative correlation
between sub-regions in the number of
annual dengue cases over the last five years
(2017-2021), indicating similarities in the
characteristics of dengue cases in adjacent
sub-regions or arelationship between dengue
cases that occurred in spatial clusters (Table
2).
The relationship between the number of
dengue cases for the high-high (HH) indicator
was the highest in 2 districts in 2017 and
2018, and 1 district in 2019. Meanwhile, for
the low-high (LH) indicator, the highest was in

Table 1 Annual Dengue Fever Cases and Population Density by District in South Hulu Sungai

Regency for the Period 2017-2021

2017 2018 2019 2020 2021
District
P D P D P D P D P
Padang Batung 4 105 40 106 29 107 9 105 - 106
Loksado - 27 2 27 - 28 - 25 - 25
Telaga Langsat - 170 26 172 26 175 - 176 - 178
Angkinang 2 310 35 313 17 316 31 318 - 322
Kandangan 13 476 86 481 68 486 6 458 2 461
Sungai Raya 5 219 41 221 15 223 3 223 - 226
Simpur 5 180 102 181 66 182 32 185 - 187
Kalumpang 1 47 10 48 9 48 - 48 - 49
South Daha 6 133 33 135 24 137 6 126 - 127
West Daha - 54 19 54 1 55 11 53 - 54
North Daha 2 124 2 126 15 128 6 119 2 120
Total 38 129 396* 130 270 132 104 126 4% 127

Note: D=dengue case, P=population density (people/km?), * The highest data cases in 2018 (n=396 cases) ** The lowest
data cases in 2021 (n= 4 cases) (Source: BPS-Statistic Indonesia, 2022)
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Figure 2 Overlays of Population Density with Dengue Cases in South Hulu Sungai Regency

in2017-2021

Table 2 Spatial Autocorrelation (Moran’s Index) of Dengue Fever

Spatial Pattern

Years Moran’s Index
2017 0.059
2018 0.097
2019 -0.019
2020 -0.220
2021 -0.159

Positive autocorrelation, clustered spatial patterns
Positive autocorrelation, clustered spatial patterns
Negative autocorrelation, spatial pattern spread
Negative autocorrelation, spatial pattern spread

Negative autocorrelation, spatial pattern spread

Table 3 Relationship between Population Density and Dengue Cases

Adjusted R . Unstandardized
R R Square Square F Sig. Coefficients
0.448° 0.201 0.182 10.539 0.002° 4.245°

Note: a= Dependent Variable: dengue case, b= Predictors: (Constant), Population Density

3 districts in 2021 (Figure 3).

Therewasacorrelationbetweendengueand
population density (p=0.02) with a correlation
coefficient of 0.448 (moderate category).
The resulting coefficient of determination
(R Square) was 20.1%, indicating that
79.09% was influenced by factors other than
population density (Table 3).

Discussion

South Hulu Sungai Regency is one of the
endemic areas for dengue in South Kalimantan
Province, Indonesia, considering that dengue
cases occur every year and are spread across
all sub-regions. Based on the results of the
study, the incidence of dengue fever in South
Hulu Sungai Regency has decreased in the last

five years (2017-2021). The highest spike in
dengue morbidity rates occurred in 2019.
In general, the decline is thought to be due
to the absence of case surveillance and full
hospitals due to COVID-19 cases, as reported
in Thailand® and Guangzhou, China.!* The
nationaldenguereportnoted thatdengue cases
started to decline in 2020-2021. However,
Kandangan and Simpur districts showed high
cases in the 2- and 3-year periods.

The study’s findings prove that there is
an influence between population density
and dengue incidence. Overall, these findings
show that increasing population density has
contributed to the increase in the incidence
of dengue fever as reported in several
densely populated districts in other parts of
Indonesia,'” Sri Lanka,'® and Bangladesh."
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Figure 3 Cluster Map (a) LISA of Dengue case in South Hulu Sungai Regency (2017-2021)

This research data was analyzed using the
Global Moran Index as a spatial autocorrelation
indicator to assess the distribution pattern of
dengue cases in South Hulu Sungai Regency
over the past 5 years. The results of the
analysis showed that the global Moran index
value in 2017 and 2018 is greater than zero,
indicating positive autocorrelation between
sub-districts for the number of annual dengue
cases over the last 5 years and cumulatively.
In addition, dengue transmission between
districts occurred in groups. Risk factors for
dengue transmission in surrounding sub-
districtsalsoinfluencetheincreasein casesand
distribution patterns of dengue transmission
in all districts in South Hulu Sungai Regency.
This is consistent with previous research in
South Hulu Sungai Regency also for the 2011-
2015 period,” as well as in various other
places in Indonesia such as Bali*! and Jakarta.?
However, in 2019, 2020, and 2021 show
negative autocorrelation, which indicates that
adjacent locations have different values and
tend to spread.??

Since spatial autocorrelation with the
Morans global index method only analyzes
the correlation between dengue incidents
in urban administrative areas, not between
neighborhoods or streets, therefore, an
analysis was also conducted using the local
spatial autocorrelation index (LISA) method

Althea Medical Journal. Volume 11, Number 2, June 2024

to determine the spatial correlation between
dengue incidents in a location or region.*
Based on the analysis results, the highest
population type (HH) segmentation is found
in Kandangan, Simpur, and Sungai Raya
districts. The HH indicator shows that these
three areas are dengue outbreak areas and can
affect the surrounding areas. Therefore, these
three areas are considered very vulnerable
to dengue cases and need higher level case
management interventions.

More interestingly, the sub-district with HH
index borders the Central Hulu Sungai district
which is densely populated and very spread
out, while the sub-district with the LL index
is on the outskirts. The results showed that
dengue cases have increased in the last five
years, especially in the central region, while
cases are fewer in sub-counties located on
the southern border, similar to the study in
Guangdong-China where the cluster with the
highest relative risk (RR) for dengue is located
in downtown of Guangzhou.'® This explains
that the rate of movement of the population
in urban areas is very high, in favor of the
phenomenon of the transmission of dengue
fever between regions. In addition, since
the South Hulu Sungai region borders other
neighboring regions, rapid communication is
require between sub-districts in other regions
in the form of clinical notifications and vectors
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for local risk management mapping and
disease detection can be controlled earlier.?

The main factor influencing the
transmission of dengue is the large number
of habitats for dengue vector mosquitoes (4e.
aegypti, and Ae. albopictus) around residential
areas. If the dengue vector is found around
the house, the risk of contracting dengue
fever is 4-8 times greater compared to in
a mosquito-free house.?* This is because
Ae. aegypti prefers man-made clean water
reservoirs around residential areas to grow
and reproduce. This explanation indicates that
Ae. aegypti is not a species of mosquito that
likes to fly far to find its host’s blood and lay
eggs. Usually, Ae. aegypti only moves between
rooms where the mosquitoes grow to maturity,
such as bedrooms, living rooms, or bathrooms.
However, when Ae. aegypti does not find host
blood or a place to reproduce in the house, the
mosquitoes have the ability to fly as far as 50
m to 50 km with an average of 25 m to 6 km to
find these two things.?’

The proximity of mosquito flight abilities
is also influenced by physiological factors,
landscape (vegetation), and climate (rainfall,
temperature, and humidity). However, in
general, Aedes spp. mosquitoes can flight far
at temperatures above 15 °C and humidity
levels of around 80%.%” Climate variability in
South Hulu Sungai Regency strongly supports
the bionomics of Aedes spp. mosquitoes to
reproduce, grow, and fly for blood, namely
the temperature in the range of 19.5-31.7
°C and humidity in the range of 51-87%.%
This increases the risk factors for dengue
transmission.

The distance between one sub-district
center and the surrounding sub-district
centers in South Hulu Sungai Regency ranges
from 0.5-7.1 km. This distance is within the
flying radius of Ae. aegypti’s flying range. In
addition, in several sub-districts in South Hulu
Sungai Regency, it was reported that the larval-
free index (LFI) value was still below 95%. If
the LFI value is below the national standard,
then the area still has the potential for dengue
transmission to occur® Therefore, the
existence of Ae. aegypti in one sub-district can
carry the dengue virus to other sub-districts,
so that dengue can spread sporadically among
sub-districts in South Hulu Sungai Regency.

The limitation of this study is that the
analysis is only at the subdistrict level. Analysis
at the village level would provide more in-
depth information on the relationship with
population density, hence, requiring more
detailed datarecordinginthereporting system.

In the future, analysis of the relationship with
climate patterns can also be carried out for
seasonal intervention.

In conclusion, dengue cases are generally
distributed in densely populated areas. Spatial
autocorrelation of dengue fever that occurs
between sub-districts in South Hulu Sungai
Regency is caused by the group of sub-districts
in the city center. Therefore, dengue control
efforts should be prioritized in the city center
area first. If dengue cases in this area decrease,
it is very likely that it will break the chain of
transmission between regions in South Hulu
Sungai Regency. In addition, a Campaign on
the Prevention and Control of Dengue are
encouraged at schools and community.
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