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ABSTRACT

Dengue Hemorrhagic Fever (DHF) remains a public health problem in Metro City, Lampung Province.
This study aimed to describe the village-level distribution of DHF incidence in Metro City during
January—April 2024 and to determine whether DHF cases exhibited a clustered pattern using Average
Nearest Neighbour (ANN) analysis. This quantitative study used two data sources: (1) secondary
surveillance data from the Metro City Health Office for 20182022, used only to describe the historical
trend of DHF; and (2) primary data on the residential coordinates of all DHF cases reported from January
to April 2024 (n = 248), collected using GPS, which served as the main dataset for spatial analysis.
Village-level incidence rates were mapped, and the spatial pattern of cases was assessed using Average
Nearest Neighbour (ANN) analysis. Historical surveillance data showed fluctuating case numbers,
peaking at 192 cases in 2019 and declining to 88 cases in 2022 (IR 51.40 per 100,000 population), with
no DHF deaths recorded (CFR 0%; 0 deaths/88 cases). Among the 248 cases in January—April 2024,
most occurred in the 6-59-year age group (83.1%), and 54.8% were female. The highest village-level
IRs were found in Sumbersari Bantul, Margorejo, Tejoagung, Yosomulyo, Karang Rejo, and Purwosari.
ANN analysis showed a statistically significant clustered pattern (NNR = 0.013; p < 0.01), indicating
that cases were not randomly distributed. This clustered pattern warrants further investigation into
environmental, behavioural, and health service—related factors that may contribute to the concentration
of cases. These findings can support location-based prioritisation of DHF prevention and control in
Metro City.

Keywords: Dengue hemorrhagic fever, Aedes aegypti mosquito, metro city, incidence rate, geospatial
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INTRODUCTION

Dengue is a mosquito-borne viral infection transmitted mainly by Aedes aegypti and Aedes
albopictus and remains a major public health problem in tropical and subtropical countries. ! In 2024,
more than 14.4 million dengue cases and over 11,000 dengue-related deaths were reported worldwide
from more than 100 countries, the highest annual number ever recorded. ? Indonesia is a dengue-endemic
country; by epidemiological week 43 of 2024, the Ministry of Health had reported 210,644 dengue cases
and 1,239 deaths, nearly double the 114,720 cases and 894 deaths reported in 2023. * A similar surge
occurred in Lampung Province, where reported cases increased from 2,181 in 2023 to 9,228 in 2024,
with 31 deaths; Metro City alone reported 735 cases in 2024.  Metro City is an endemic area for dengue
hemorrhagic fever (DHF). The number of dengue cases decreased in 2018 to 59, increased in 2019 to
192, decreased in 2020 to 148, decreased in 2021 to 138, and decreased in 2022 to 88. The Incidence
Rate (IR) of dengue in 2018 was 35.7 per 100,000 population, in 2019 it was 114.7 per 100,000
population, in 2020 it fell to 87.3 per 100,000 population, in 2021 it fell to 80.2 per 100,000 population,
and in 2022 it fell to 51.40 per 100,000 population. These incidence rates were obtained from the Metro
City Health Profile and were calculated as the number of reported DHF cases in a given year divided by
the mid-year population of Metro City in the same year, multiplied by 100,000 > Although 50 fewer
cases were reported in 2022 than in 2021, this decline should be interpreted with caution. Year-to-year
changes in reported cases may reflect changes in population size, surveillance intensity, diagnostic and
reporting completeness, and health-seeking behavior, as well as the natural multi-year cyclical pattern
of dengue transmission, rather than an improvement in disease control alone. The sharp increase in 2024
indicates that the decline observed in 2022 did not represent sustained control. The Case Fatality Rate
(CFR) indicates the severity of a disease and assesses the quality of treatment. No DHF deaths were
recorded in Metro City in 2021 or 2022; the CFR was therefore 0% in both years (0 deaths/138 cases in
2021 and 0 deaths/88 cases in 2022). Nevertheless, based on its incidence rate, dengue in Metro City
remains a public health problem and requires prompt, appropriate management.’

Regarding the prevention and control of dengue disease in Metro City, mapping the incidence
area of dengue disease is a necessity. Dengue transmission is spatially heterogeneous because vector
breeding sites, population density, and human mobility differ between neighborhoods; city-level
indicators such as IR and CFR therefore cannot show where transmission is concentrated. ¢ Spatial
analysis of case locations can identify clusters and high-incidence villages, allowing limited vector
control resources to be prioritized. 7 The creation of a dengue incidence mapping using GIS (Geographic
Information System) is one of the efforts to support the disease eradication program. GIS has advantages
in mapping areas over manual mapping, including several spatial analysis processes, one of which is
overlay analysis and scoring. %°

One of the challenges in planning and developing an area is the existence of disasters, so it is
necessary to have policies to integrate into the aspect of disaster mitigation, including in the case of

outbreaks or pandemics (KLB) of dengue fever. Non-natural disasters are a threat, so the Metro City
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Government in the case of dengue hemorrhagic fever (DHF) needs to mitigate the existence of KLB or
dengue disease outbreaks.”!°

From the description above, to determine the effectiveness of intervention by health service units,
it is necessary to mitigate the vulnerability of dengue disease for the control and prevention program of
dengue disease in Metro City. This study also utilizes information from the dengue disease control and
prevention program of the Metro City Health Office, and Metro City geographic data. The purpose of
this paper is to explain the distribution map of the incidence rate of dengue disease in Metro City,

Lampung Province.

METHOD

Study design and data sources. This was a descriptive observational study with a spatial
approach, conducted in the working area of the Metro City Health Office in Lampung Province,
comprising 5 sub-districts and 22 villages (kelurahan). Two separate datasets were used. The first was
secondary DHF surveillance data for 2018-2022 obtained from the Metro City Health Profile; these
data were used only to describe the historical trend of DHF and were not included in the spatial analysis.
For these data, the incidence rate (IR) was calculated as the number of cases divided by the mid-year
population x 100,000, and the case fatality rate (CFR) as the number of DHF deaths divided by the
number of DHF cases in the same year X 100%. The second dataset, the primary dataset for the spatial
analysis, comprised all DHF cases reported from January to April 2024, along with the residential
coordinates of each case.

Study population and case definition. The study population comprised all DHF cases among
residents of Metro City recorded in the DHF surveillance register of the Metro City Health Office during
January—April 2024. A DHF case was defined as a patient reported to the Health Office by a health
facility (hospital or primary health centre) with a diagnosis of DHF based on the clinical and laboratory
criteria of the national DHF management guidelines of the Indonesian Ministry of Health. Because all
reported cases were included (n = 248), no sampling was performed; the study used the total population
(complete enumeration).

Collection of residential coordinates. The residential location of each case was recorded at the
patient's household address using a handheld Global Positioning System (GPS) receiver and documented
on a checklist form. Data were collected by a team of enumerators consisting of DHF control program
officers who had been trained in the coordinate recording procedure. Coordinates were recorded in
decimal degrees (WGS 1984) in front of each patient's house. To ensure geolocation accuracy, each
coordinate was checked against the address in the surveillance register and overlaid on the village
boundary map; points that fell outside the patient's village of residence were rechecked and corrected.
The data were then cleaned, entered, and coded before analysis.

Spatial analysis. Data were processed and analyzed using ArcGIS [version] (Esri, Redlands, CA,

USA). Village administrative boundaries were obtained from the Geospatial Information Agency
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(Badan Informasi Geospasial). Case coordinates were projected to the WGS 1984 UTM Zone 48S
coordinate system (EPSG:32748) so that distances were calculated in meters. Two spatial units were
used: (1) the village, for calculating and mapping the incidence rate, defined as the number of DHF
cases during January—April 2024 divided by the village population x [1,000]; and (2) the individual case
location (point), for the point-pattern analysis. Village IRs were classified into four classes using the
natural breaks (Jenks) method and presented as a choropleth map overlaid with case points and primary
health center locations.

Average Nearest Neighbor analysis. The spatial pattern of case locations was assessed using the
Average Nearest Neighbor (ANN) tool in ArcGIS with the Euclidean distance method. The nearest
neighbor ratio (NNR) was calculated as NNR = Do/De, where Do = Zdi/n is the observed mean distance
between each case and its nearest neighboring case, d; is the distance from case i to its nearest neighbor,
n is the number of cases, and De = 0.5/\(n/A) is the expected mean distance under complete spatial
randomness, where A is the study area. The study area was set to the administrative area of Metro City
(73.16 km?). Statistical significance was assessed using the z-score, z = (Do — De)/SE, where SE =
0.26136/N(n?/A). An NNR < 1 with p < 0.05 indicated a clustered pattern, an NNR close to 1 a random
pattern, and an NNR > 1 a dispersed pattern. !!

Ethical considerations. This study was approved by the Health Research Ethics Committee,
Faculty of Medicine, Universitas Lampung (No. 4241/UN26.18/PP05.02.00/2024, dated 26 August
2024), and permission to use the surveillance data was obtained from the Metro City Health Office.
Because residential coordinates are potentially identifiable information, patient names and addresses
were removed from the analysis dataset after coordinate verification and replaced with study codes. The
data were stored on a password-protected computer accessible only to the research team, and the maps
were presented at the city scale without names, house numbers, or other information that could identify

individual households.

RESULTS

Metro City is one of the cities in Lampung Province, which is about 52 km from Bandar Lampung
City. Metro City is geographically located at 105017'-105021' East Longitude and 506'-5010" South
Latitude. Metro City has an area of around 73.16 km2, by Metro City Regulation No. 5 of 2022
concerning the City Spatial Plan for 2022 —2041.

According to data from the Central Statistics Agency of Metro City in 2022, it is explained that
Metro City, which has 5 sub-districts with a population of 141,872 people and the highest number of
residents, is in East Metro District as many as 53,413 people, while South Metro has the lowest
population of only 3,255 people, this condition gives an idea that the distribution of the population in
each Metro City District is uneven. Then when viewed from population density, in 2022, Metro City

has a population density of 1939.2 people/km?2.
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Metro City health service facilities totaling 249 facilities consisting of hospitals, namely general
hospitals and special hospitals, Puskesmas and their network consists of the main health center, auxiliary
health center, and mobile health center, and other service facilities consist of clinics, individual doctor
practices, traditional medicine practices, hospital blood banks, and blood transfusion units,
pharmaceutical production and distribution facilities consisting of pharmaceutical wholesalers,
pharmacies, drug stores and distributors of medical devices. In the period 2000-2022, the number of
health centers (including treatment centers) in Metro City in 2000 was 11 units and the Sumbersari
Bantul Care Center was upgraded to a Type D Hospital. This ratio has met the concept of the working
area of the health center, with an average of 1 health center unit serving 20,000 residents.

Furthermore, the incidence of infectious diseases is still high among dengue diseases. Dengue
fever is caused by the Dengue virus and is transmitted by Aedes Aegypti and Aedes Albopictus
mosquitoes. The spread of dengue has the potential to cause panic because of its rapid spread and risk
of death. Currently, Metro City is an endemic area for Dengue Fever (DHF). The number of dengue
cases in 2018 decreased to 59 cases, in 2019 it increased to 192 cases, in 2020 it decreased to 148 cases,
in 2021 it decreased to 138 cases, and in 2022 it decreased to 88 cases. The Incidence Rate (IR) of
dengue in 2018 was 35.7 per 100,000 population, in 2019 it was 114.7 per 100,000 population, in 2020
it fell to 87.3 per 100,000 population, in 2021 it fell to 80.2 per 100,000 population, and in 2022 it fell
to 51.40 per 100,000 population. > The number of reported cases in 2022 was 50 lower than in 2021;
however, this decline should not be interpreted as necessarily indicating improved disease control
without considering population size, surveillance intensity, and reporting completeness. '¢ The Case
Fatality Rate (CFR) is an indicator of the malignancy of a disease and assesses the quality of prevention
and treatment. No DHF deaths were recorded in 2021 or 2022, giving a CFR of 0% in both years (0
deaths/138 cases and 0 deaths/88 cases, respectively). The number of villages affected by dengue during
2018-2022 is spread across 22 villages of 5 sub-districts in Metro City. In 2022, the sub-district with the
most dengue cases was East Metro District with 27 cases, and the sub-district with the smallest number
of cases was West Metro District with 10 cases.

Furthermore, from the results of data collection, the distribution of dengue sufferers in the Metro

city area was obtained by age group, as shown in Table 1.

Table 1. Distribution of DHF Cases by Age Group in Metro City, January—April 2024 (n

=248)
Age group (years) n %
1-5 22 8.9
6-59 206 83.1
>60 20 8.1
Total 248 100.0

Note: Percentages may not total 100% because of rounding.
Table 1 shows the age distribution of the 248 DHF cases reported in Metro City during January—
April 2024. Most cases occurred in the 6-59-year age group (206 cases; 83.1%), followed by children
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aged 1-5 years (22 cases; 8.9%) and adults aged >60 years (20 cases; 8.1%). Because the 6—59-year
group covers a much wider age range and a larger share of the population than the other groups, its
higher number of cases does not, by itself, indicate a higher risk of DHF. Comparing risk between age
groups would require age-specific incidence rates.

Furthermore, the following Table 2 presents data on the distribution of dengue cases by gender.
The information listed includes the frequency and percentage of each gender in the total incidence of
dengue. This analysis is useful for understanding the proportions of men and women among the dengue
T-shirts studied, as well as for providing a preliminary overview of the demographic composition of the

dengue cases studied.

Table 2 Distribution of Dengue Patients by Gender for the period January to April 2024
in Metro City

Gender Frequency Percent
Man 112 45.2

Woman 136 54.8
Total 248 100.0

Table 2 shows the sex distribution of the 248 DHF cases reported in Metro City during January—
April 2024: 112 cases (45.2%) were male and 136 cases (54.8%) were female. These figures describe
the distribution of reported cases only. Because sex-specific population denominators were unavailable
and no statistical comparison was performed, the results cannot be used to infer differences in DHF risk

or susceptibility between males and females.
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Figure 1. Village-level cumulative incidence rate of dengue hemorrhagic fever (DHF) per
100,000 population and residential locations of DHF cases in Metro City, January—April
2024
Figure 1 shows the village-level cumulative incidence rate (IR) of DHF in Metro City during

January—April 2024. The IR was calculated as the number of DHF cases in each village during this four-
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month period divided by the population of that village and expressed per 100,000 population. Because
each village's own population was used as the denominator, the IR accounts for differences in population
size between villages. The IR ranged from 29 to 308 per 100,000 population. The six villages in the
highest class (220-308 per 100,000 population) were Sumbersari Bantul, Margorejo, Tejoagung,
Yosomulyo, Karangrejo, and Purwosari, whereas the six villages in the lowest class (29—78 per 100,000
population) were Mulyosari, Ganjar Agung, Imopuro, Hadimulyo Barat, Yosodadi, and Purwoasri. The
case points on the map appear concentrated in several high-incidence villages; whether this pattern
differed from a random distribution was assessed formally using ANN analysis (Figure 2).

Figure 2 provides clues to the results of the analysis of the incidence pattern using the Average

Nearest Neighbor (ANN) for dengue cases in Metro City for the period January - April 2024.

Average Nearest Neighbor Summary Average Neal‘est Neighbol‘ Summal‘y

Nearest Neighbor Ratio: 0.013435
z-score: -29.722313 .
p-value: 0.000000

Observed Mean Distance: 155.2549 Meters
Expected Mean Distance: | 11556.3448 Meters
Nearest Neighbor Ratio: 0.013435
z-score: -29.722313

< Random p-value: 0000000

Dataset Information

Input Feature Class: DBD_sakMefro
Distance Method: EUCLIDEAN

] e i Study Area: 132480713167.835373

Given the z-score of -29.7223129743, there is a less than 1% likelihood that this clustered

pattern could be the result of random chance. Selection Set: False

Figure 2. Analysis of Average Nearest Neighbor (ANN) Cases of Dengue Incidence in
Metro City for the period January - April 2024

The low NNR value (0.013435) shows that dengue cases in Metro City for the period January -
April 2024 are spread unevenly. This means that there are areas in Metro City that have densely
populated or clustered dengue cases compared to other areas. The significant value (p-value < 0.01)
indicates that the distribution pattern of dengue cases in clusters is unlikely to occur randomly. ANN
describes the spatial pattern of cases but does not identify its determinants; this clustered pattern

therefore warrants further investigation of environmental, behavioral, and health service—related factors.

DISCUSSION
Metro City, one of the cities in Lampung Province, is located about 52 km from Bandar Lampung
City. Geographically, Metro City is located at the coordinates of 105°17'-105°21' East Longitude and
5°06'-5°10' South Latitude, with an area of about 73.16 km? based on Metro City Regulation No. 5 of
2022 concerning the City Regional Spatial Plan for 2022—2041. The city has 5 sub-districts with a total
population of 141,872 people in 2022, according to data from the Central Statistics Agency of Metro
City. The distribution of the population in this city is uneven, with the highest population in East Metro
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District as many as 53,413 people, while the South Metro has the lowest number of residents, only 3,255
people. The population density of Metro City was recorded at 1,939.2 people/km? in 2022, showing a
fairly dense population distribution in several sub-districts.!”

Health services in Metro City are supported by 249 health facilities, consisting of general
hospitals, special hospitals, main health centers, auxiliary health centers, mobile health centers, as well
as various clinics and individual doctor practices. In addition, there are facilities for traditional medicine,
hospital blood banks, and blood transfusion units. During the period 2000-2022, the number of health
centers including care centers in Metro City increased, with the Sumbersari Bantul health center being
upgraded to a Type D Hospital. This ratio has met the concept of the working area of the health center,
where ideally one health center serves 20,000 residents. '8

This data and development show that Metro City has made significant efforts to improve health
services for its citizens. However, challenges related to the uneven distribution of the population remain,
which affect the effectiveness of health services in each sub-district. With the ratio of health centers that
have met the standards, the Metro City government can focus on improving the quality and accessibility
of health services, especially in sub-districts with low populations. Infrastructure development and the
provision of adequate medical personnel are also important to ensure that all residents of Metro City
receive optimal health services. This effort is in line with the goal of sustainable health development, as
expected in the city's spatial plan until 2041.17-18

In Table 1, most DHF cases occurred in the 6—59-year age group (206 cases; 83.1%). This large
proportion largely reflects the wide age range and large population of this group; because age-specific
incidence rates were not calculated, this study cannot determine which age group had the highest risk of
DHF. The high number of cases in this group may also be related to high mobility and daytime activities
outside the home, such as at schools and workplaces, which increase exposure to Aedes aegypti, a day-
biting mosquito. Although children aged 1-5 years accounted for only 8.9% of cases, young children
are more likely to develop severe dengue because their immune systems are not fully developed, and
they therefore require close clinical monitoring. -2

Furthermore, adults aged >60 years (8.1% of cases) also need special attention. The elderly tend
to have weakened immune systems as they age, and may have comorbidities that can worsen dengue
symptoms. Physical weakness and mobility limitations can also hinder their ability to take precautions
such as avoiding mosquito bites or ensuring environmental cleanliness. Therefore, prevention and health
education programs targeting this age group must be strengthened, including providing information on
the importance of using mosquito nets and mosquito repellent, and maintaining the cleanliness of the
surrounding environment. 2122

In addition, the high number of sufferers in the age group of 6-59 years reflects the need for a
more intensive and comprehensive prevention campaign. Prevention efforts must include counseling on
the importance of maintaining environmental cleanliness, such as eliminating standing water that can

become a breeding ground for mosquitoes. The use of repellents, the installation of mosquito nets, as
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well as increasing awareness of the early symptoms of dengue, are also very important to minimize the
spread of this disease. This intervention must be supported by the local government and involve active
community participation to ensure its success in reducing the incidence of dengue in Metro City.?

In Table 2, slightly more of the reported DHF cases were female (54.8%) than male (45.2%).
Because sex-specific population denominators were not available and no statistical comparison was
performed, this difference cannot be interpreted as evidence that females are more susceptible to DHF.
The sex distribution of reported cases may reflect differences in exposure, such as time spent in and
around the home, where Aedes aegypti commonly breeds, as well as differences in health-seeking
behaviour and in the likelihood of being diagnosed and reported. >* Future studies should calculate sex-
specific incidence rates to assess whether the risk of DHF differs between males and females The data
shown in Figure 1 shows the distribution of Dengue Hemorrhagic Fever (DHF) incidence rate (IR) in
Metro City, -with considerable variation between villages. Villages in the highest IR class (220-308 per
100,000 population) are marked in red and include Sumbersari Bantul, Margorejo, Tejoagung,
Yosomulyo, Karangrejo, and Purwosari. In contrast, villages in the lowest IR class (29-78 per 100,000
population) include Mulyosari, Ganjar Agung, Imopuro, Hadimulyo Barat, Yosodadi, and Purwoasri.
This indicates considerable variation in dengue incidence across villages in Metro City, which may be
influenced by local factors. However, village-level rates were not smoothed or adjusted for small
population sizes; rates in small villages are therefore less stable and should be interpreted with caution.

In Figure 1, DHF case points appear concentrated in villages with high and moderate incidence
(the red and dark-pink areas). This grouping pattern is not the result of random distribution, but rather
an indication that there are specific factors that cause the concentration of dengue cases in a particular
area. These factors can include environmental conditions such as the presence of puddles that breed
Aedes aegypti mosquitoes, population density, and poor sanitation conditions. In-depth identification
and analysis of the factors causing this grouping is essential to designing effective interventions in
controlling the spread of dengue. By understanding these factors, health authorities can redirect
resources and prevention efforts in a more targeted manner, reducing the incidence of dengue in the
most affected areas.?>27

The low Nearest Neighbor Ratio (NNR) value (0.013435) shows that dengue cases in Metro City
in the period January - April 2024 are spread unevenly, with a tendency to cluster cases in certain areas.
An NNR value close to zero indicates a significant concentration of cases in some areas, which means
that dengue cases are not evenly distributed throughout the city. A significant value (p-value < 0.01)
supports these findings, indicating that the distribution pattern of dengue cases in clusters does not occur
randomly. Because ANN does not assess the determinants of clustering, this study could not identify the
factors responsible for this pattern. Previous studies suggest that environmental factors such as sanitary
conditions, the presence of puddles that breed Aedes aegypti mosquitoes, and community behavior in
terms of mosquito bite prevention may play a role in the distribution of dengue cases. 2® In addition,

access to health services can also affect the distribution of cases; areas with less access to health services

Publisher: Faculty of Public Health, Universitas Muslim Indonesia 575



Window of Health : Jurnal Kesehatan, Vol. 9 No. 4 (October, 2026): 567-579  E-ISSN 2614-5375

may have slower detection and handling. Understanding these factors is essential for designing effective
and location-based interventions to control and prevent the spread of dengue more efficiently in Metro
Cities. >
CONCLUSIONS AND RECOMMENDATIONS

The conclusion of the data that has been presented shows that the spread of Dengue Hemorrhagic
Fever (DHF) cases in Metro City has complex and clustered characteristics. A low and significant
Nearest Neighbor Ratio (NNR) value (p-value < 0.01) indicates that dengue cases are not scattered
randomly but are concentrated in certain areas. This is supported by data that shows that there are several
villages with a very high incidence rate (IR) of dengue, such as Sumbersari Bantul, Margorejo,
Tejoagung, Yosomulyo, Karang Rejo, and Purwosari. This clustered pattern warrants further
investigation of environmental (e.g., sanitary conditions and standing water), behavioral, and health
service—related factors that may contribute to the concentration of cases.

The analysis of the distribution of cases by age group and gender also provides important insights.
Most DHF cases occurred in the 6—59-year age group (83.1%); however, because age-specific incidence
rates were not calculated, these proportions do not indicate differences in risk between age groups. Of
the reported cases, 45.2% were male and 54.8% female; this distribution describes the reported cases
only and does not indicate a difference in susceptibility between the sexes. Thus, to control and prevent
the spread of dengue in Metro City, comprehensive interventions are needed, including sanitation
improvements, public education on dengue prevention, and increased access to health services in areas
with a high incidence of dengue.
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