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Predicting dengue incidence using panel data analysis
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Abstract

Dengue is the most rapidly spreading infectious disease, espe-
cially in Indonesia. Dengue virus is transmitted by the bite of
female Aedes mosquitoes. The high human population density and
proximity to vector breeding places strengthen the interaction
between the virus, vector, and humans as hosts. Using dengue inci-
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dence panel data during 2018-2019 in 34 provinces in Indonesia,
this study examined the effect of human population density as a
demographic variable and vector control on dengue incidence in
Indonesia. The time series data were analyzed using EViews. The
fixed effect model estimation showed that dengue incidence was
significantly associated with demographic variables measured as
human population density, with a P-value of 0.02. The vector con-
trol variable shows an insignificant association with dengue inci-
dence. But simultaneous analysis between human population den-
sity and vector control on dengue incidence has a significant asso-
ciation with probability F (statistic) = 0.000. Our study demon-
strated that densely populated provinces in Indonesia have a very
high incidence of dengue. Improving sanitation in densely populat-
ed settlements can prevent and control dengue incidence.

Introduction

Dengue is the most important and the most rapidly spreading
infectious diseases throughout tropical and sub-tropical regions in
Southeast Asia.!2 The dengue virus is transmitted by the primary
vector, Aedes aegypti. This Vector species has a high adaptability
in urban and sub-urban areas.? The high human population density
and proximity to vector breeding places strengthens the interaction
between the virus, vector, and humans as hosts. Dengue incidence
is associated with poor and crowded urban and peri-urban areas.
Dengue is associated with human behaviour, water storage prac-
tices and rapid population growth.# Indonesia is one of the tropical
countries in southeast Asia and the most populous archipelagic and
a dengue-endemic country.’ In general, the incidence of dengue in
Indonesia was strongly seasonal, with most incidence reported dur-
ing rainy seasons, local weather and demographic information
such population density were associated with the dynamics of
dengue cases in Indonesia.®

Indonesia has a tropical climate that very suitable for vector’s
breeding. The optimum temperature contributing to the increase in
dengue cases is the range of 27°C to 32°C.7 Gui (2022) reported in
singapore that the risk of an increase in dengue cases when the
mean of temperature below 28°C, meanwhile if the average tem-
perature was higher than 28°C, there was a decrease in dengue
cases.® At global level, the number of dengue incidence reported to
WHO has increased more than 8-fold over in the last two decades,
from 505.430 cases in 2000, to more than 2.4 million in 2010 and
5.2 million in 2019. The mortality reported between 2000 and 2015
increased from 960 to 4032.°

Vector control is the main effort used to prevent the transmis-
sion of dengue virus and vector control with insecticides is used to
control vector density in endemic areas during outbreaks. Many
people use household insecticide aerosol sprays to control the den-
sity of mosquitoes in their house. In Thailand, two main types of
vectors namely Aedes aegypti and Culex quinquefasciatus have
been resistant to pyretroid insecticides with a knock down resis-
tance mechanism. The efficacy results showed differences in
mosquito species, insecticide formulations, nozzles and mosquito

cage locations during testing.!?
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Effective vector control is critical to achieving and sustaining
reduction of morbidity attributable to dengue incidence.
Preventive and vector control interventions aim to reduce dengue
transmission, decreasing dengue incidence and preventing out-
break. 4

Vector control is essential to prevent and limit the transmission
of vector borne disease in an endemic areas.* Vector control meth-
ods used to break the transmission of dengue were physical, chem-
ical and biological methods. The most extensively practiced vector
control for vector borne diseases is the application of chemical
insecticides.> However, vector control with chemical insecticides
is the most popular method in the community, it can cause environ-
mental health problems and vector resistance.!! The use of conven-
tional insecticides in the community to control vector density, trig-
gers the development of vector resistance. This resistance phe-
nomenon has become very serious because some vector dengue
has been reported to be resistant to insecticides. As reported in pre-
vious studies, the species Aedes albopictus as a secondary dengue
vector were investigated the multiple and cross-resistance levels
between conventional and volatile pyrethroids.!2

The phenomenon of vector resistance to insecticides is a seri-
ous problem in vector control efforts. Too frequent use of insecti-
cides over a long period of time can cause the occurrence of insec-
ticide resistance in the target vector. If most of the vector mosquito
population is already resistant to insecticides, it will cause the use
of insecticides to be ineffective for controlling disease vectors.

Some previous studies have proved the association between
climate change, sosio-economic variables, demographic, and
dengue incidence.!? In this study we will prove the association
between dengue incidence, population density and vector control
in Indonesia. This study will be used time series data in 2018 and
2019. This article presents empirical evidence to improve under-
standing the contribution of demographic variables of population
density and vector control variables to the incidence of dengue
fever in Indonesia as a dengue endemic country.

Materials and Methods

In this study, we used secondary data from the Health Profile
of the Republic of Indonesia report published by the Ministry of
Health that does not present any cthical problems. The study exam-
ined the relationship between demographic variable, human popu-
lation density and vector control which impact dengue incidence.
The study focuses in 34 provinces in Indonesia. Dengue incidence
data were collected from 2018-2019 in 34 provinces in Indonesia.
We also collected data for human population density and vector
control from Indonesia health profile. This research using time
series data during the study period 2018-2019.6-14

The time series data were analysed using EViews version 12.
The excel datasets were cleaned and de-identified before exporting
to EViews. Data panel regression is a combination of cross-section
data and time series. Method for estimating the regression model

Table 1. Fixed effect model.

using panel data can be done with three approaches; Common
Effect Model (CEM), Fixed Effect Model (FEM) and Random
Effect Model (REM).!5 The study employed a linear static model
assuming Fixed Effect Model (FEM). The regression equation of
fixed effects model as follows:

Yi= ot p Xyt p Xyt & (D

Y represents the variable dengue incidence in Indonesia, while
x, represents human population density, and x, represents vector
control variable. We have used panel data analysis to see the effect
of population density and vector control on dengue incidence in
Indonesia.

Results

The fixed effect model estimation showed that dengue inci-
dence was significantly associated with demographic variables
measured as human population density, with a p-value of 0.02.
This result is in line with the previous study.'® Human population
density was associated with spatial and temporal dynamics of
dengue incidence in Bali.'® The vector control variable shows an
insignificant association with dengue incidence. But simultaneous
analysis between human population density and vector control on
dengue incidence has a significant association with probability F
(statistic) = 0.000. The results are in line with the previous stud-
ies.!317 Densely populated provinces contribute to dengue trans-
mission by increasing the contact between vectors (4edes sp) and
human as hosts.

Based on Table 1 the static model elaborated below as:

Dengue Incidence,= B,+ B, Population,+ B, Vector Control+ ¢,
2

Figures 1 and 2 showed time series data of dengue incidence,
human population density and vector control during 2018-2019.
The data were collected from Indonesia Health profile. The three
provinces that have the highest dengue incidence were West Java
Province, East Java Province, and North Sumatra. Banten, West
Java, Jakarta, Central Java, and East Java were the most densely
populated provinces. In 2018, Banten Province was the highest in
vector control (87.50%) while the one with the lowest achievement
in vector control was Papua (23.00 %). In 2019 there were 14
provinces that have achieved 100% in vector control, and the low-
est achievement was Central Sulawesi (76.92 %).614

Discussion

In this study, we used data on dengue incidence, population
density, and vector control in 34 provinces in Indonesia during
2018-2019.%1% Simultaneous analysis between population density
and vector control on dengue incidence has a significant associa-
tion with probability F (statistic) = 0,000. Our study demonstrated

Population density 59.91436 24.72013 2.423107 0.0212
Vector control 26.83530 23.30446 1.151509 0.2581
C -43420.71 18011.55 -2.410716 0.0218
F(statistic) 0.000074
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that densely populated provinces such as Banten, West Java,
Jakarta, Central Java, and East Java have a very high incidence of
dengue. In line with Araujo et al. (2015) that the incidence of
dengue based on population density suggests that most dengue
cases cluster in densely populated zones.!8

This result in line with previous study that has been carried out
by Khalid which showed that there was a positive relationship
between human population density and dengue incidence in four
research sites. The increase in population density was a major fac-
tor contributing to the increase in dengue transmission.!® The
densely populated areas were associated with the increase of
dengue cases.?022This is due to houses that are close to each other
and accelerate the spread of Dengue Hemorrhagic Fever disease.

The results mentioned above are in line with the previous study
which stated that there was a significant relationship between pop-
ulation density and DHF cases (p= 0.001), having a moderate
strength relationship (r = 0.47).23 And the other study showed that
the correlation between human population density and dengue
cases (r) was 0.891, while the Sig. (2-tailed) < 0.05, it means that
the correlation between human population density and the dengue
cases was significant.?*

Population density should be a key consideration in the imple-
mentation of vector-based disease control policies. Population den-
sity plays an important role in the transmission of dengue hemor-
rhagic fever. Significant interactions between population density
and the dynamics of dengue transmission have been reported.
Vector density also has the potential to influence the adaptation of
the dengue virus to mosquitoes.?

The spread of dengue hemorrhagic fever is getting wider due
to the distribution of population and the flow of movement in the
big cities. Human density is the dominant factor of dengue dynam-
ics on a spatial scale. The effect of human density on peak ratios
can be used to predict waves of dengue infection in different
cities.?®

Population density will contribute to the transmission of the
dengue virus due to the vector nature of multiple bitting for the
maturation of its eggs. Population density correlates with mosquito
flight distance and dengue transmission. The denser human popu-
lation, the easier it is to transmit dengue because the flight distance
of mosquitoes is estimated to be around 50 m. 23:27-29

Although the flying distance of Aedes aegypti in urban areas is
about 50 m, the transmission of the dengue virus can be supported
by the mobility of infected humans within an area. Several previ-
ous studies have studied the contribution of human mobility to
dengue virus transmission on a residential. 3933 Thus, dengue
cases can be anticipated with the implementation of more effective
prevention policies especially in endemic areas.

Improving the quality of housing into healthy homes is one of
the public health interventions to prevent vector borne diseases.
Vector control using insecticides can encourage the acceleration of
insecticide resistance in vectors. Thus, encouraging public health
efforts by mitigating vector borne diseases by adding screening
doors and windows. Improving the quality of settlements with an
adequate piping system for the provision of clean water to reduce
vector aquatic habitat.34

Dengue vector control using chemical methods is one of the
more popular control methods in the community compared to other
vector control methods. However, massive use of insecticides can
cause widespread environmental health problems and resistance of
the target vector. 3

The phenomenon of Aedes aegypti resistance does not only
occur in Indonesia, it has even become a global problem for other
tropical countries in various countries in Southeast Asia. Cambodia
reported knockdown resistance of Aedes aegypti to permethrin and
deltamethrin on altered expression of F1534C and C1534 gene
mutations. Malaysia, Singapore and Laos reported knockdown
resistance of Aedes aegypti against pyrethroids with the expression
of F1534C and V1016G gene mutations. Thailand and Vietnam
reported knockdown resistance of Aedes aegypti against
pyrethroids with altered gene expression 11011V, F1534C,
V1016G and V101613

Previous study showed that we can improve vector control: 1)
complementing larval surveys including pupal surveys conducted
in the rainy and dry seasons; 2) increasing public awareness to
carry out preventive efforts to control mosquito nests in the envi-
ronment; 3) optimizing monitoring activities for vector breeding
sites in settlements.?

The application of vector control methods based on environ-
mental management is very necessary. According to several stud-
ies, environmental management is the right step in vector-borne
diseases management. Alternative application of Wolbachia to
reduce mosquito density. Other alternative method is innovation
and modification of mosquito trap design to reduce mosquito den-
sity in the environment. By combining these two alternative meth-
ods with environmental management, it will have a significant
effect on the success of Dengue disease control.3¢

Integrated control is an approach that uses a combination of
several methods of controlling vectors and disease-carrying ani-
mals based on the principles of safety, rationality and effective-
ness, as well as taking into account the sustainability of their suc-
cess. Each control method has its own advantages and disadvan-
tages. The combination of several methods carried out in an inte-
grated manner will be able to make up for the shortcomings of each
of them, so that the failure of the control of vectors and disease-

Figure 1. Population density and dengue reported cases during
2018-2019.

Figure 2. Vector control and dengue reported cases during 2018-

[Journal of Public Health in Africa 2023; 14(s2):2570]

2019.
OPEN a ACCESS



carrying animals can be minimized. Integrated methods are applied
to the environment with consideration of: a) target vectors and dis-
ease-carrying animals if possible for some diseases, b) appropriate
technology, ¢) effectiveness and efficiency, d) Job opportunities, ¢)
integration or integration.!!

Conclusions

This study focuses on presenting human population density
and vector control in modeling dengue incidence in 34 provinces
in Indonesia. Dataset of dengue incidence, demographic variable
measured as human population density and vector control during
2018-2019 was processed in panel analysis Fixed Effect Model
(FEM). Simultaneous analysis between population density and
vector control on dengue incidence has significant association with
probability F (statistic) = 0,000. Our study demonstrated that
densely populated provinces have a very high incidence of dengue.
An integrated approaches to dengue management focusing in com-
munity empowerment is needed to be implemented in Indonesia.
Improving sanitation in densely populated settlements can prevent
and control dengue incidence.
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