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ABSTRACT

Background: Dengue is a viral infection transmitted by mosquitoes that continue to be a
significant health challenge in many tropical and subtropical countries. So far, Geographic
Information System (GIS) in the health sector contributed to disease prevention, especially for
visualization of the disease case. GIS is one of the important tools in spatial epidemiology to
assist identification and spatial analysis of the target disease intervention. This article
summarizes the use of GIS to assess risk factors for DHF, and how efficient the use of GIS in
facilitating the improvement of disease surveillance systems for the prevention and control of
diseases.

Methods: This paper was developed using a descriptive approach, conducted in September
and December 2019. The primary data used in this research were from ScienceDirect databased
by collecting some studies that assess the risk of dengue using GIS applications.

Results: The results of reviews of research in several countries which use GIS applications in
assessing the risk of dengue incidence, ie, in Swat, Pakistan evaluated the impact of the slope,
population density, and the distance to the river through GIS applications. Then in Seremban
and Putrajaya, Malaysia implemented a participatory approach to identify the spatial risk of
dengue in the community. Research in Lahore, Pakistan, analyzed the risk of dengue. Study in
Colombia conducted GWR to evaluate the association between socioeconomic factors and the
environment with dengue fever incidence. Recently, research in Taiwan integrated GIS to
detect the correlation between population density and the possibility of human contact with
mosquitoes.

Conclusions: Based on the results of the review, it can be drawn that asses the dengue risk
with GIS applications is highly relevant because it can determine the factors which affect the
incidence of dengue. Besides, it can determine the spatial correlation between risk factors and
the incidence of dengue, as well as to evaluate the impact of the dengue occurrence.
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INTRODUCTION

Dengue is a disease caused by dengue virus (DENV), which has occurred in more than 128
countries worldwide, with 4 billion people at risk of dengue virus infection®. Countries located
in tropical and subtropical regions are particularly vulnerable to dengue. Many factors
areaffecting the fast spread of dengue to other things such as environment and socioeconomic?.

Dengue hemorrhagic fever is now one of the most critical public health issues in tropical
developing countries contributing to substantial economic and social consequences®. Dengue
is a viral infection transmitted by mosquitoes, which continues to be a significant health
challenge in many tropical and subtropical regions*. According to the World Health
Organization (WHO), Aedes aegypti is the leading cause of dengue transmission. Dengue can
not be transmitted directly from one to another; however, it is transferred by the Aedes
mosquito infected person and suffering from Dengue fever. In India, dengue fever first
appeared in Madras (now known as Chennai) during 1780. The recent dengue epidemics
virologically have proven first occurred in Calcutta (now known as Kolkata) and the East Coast
of India during 1963-1964°.

To date, the use of GIS in health provides much assist primarily in visualizing the case. It is
one of the essential tools in spatial epidemiology to support the identification and spatial
analysis of the target disease intervention!. The development of technology facilitates the
prevention and control of diseases. GIS is an application which can be used to analyze the risk
factors for DHF. Since dengue fever is an infectious disease which requires regular monitoring
of its progress, GIS can be used to establish mapping to a disease so that the trend of events is
visible.

The implementation of Geographic Information Systems in Environmental Impact Assessment
(EIA) and public health have become popularly widespread. Recently, GIS is implemented in
assessing vector-borne diseases such as site assessments vectors, vector assessment and
monitoring, identification of the location of breeding, destruction of breeding locations, and
other related fields. The ability of GIS indirect analysis, spatial analysis, and spatial statistics
help obtain spatial correlation, and consequences are complex. GIS also performs complex
mathematical operations and arithmetic calculations and displays realtime results.
Furthermore, AHP, integrated with GIS modeling and mapping of dengue risk zoning, can
display construction results with spatial correlation®.

The implementation of spatial analysis in geographic information systems (GIS) for medical
purposes is one of the main techniques for identifying the spatial association, and it has been
adopted by several researchers around the world”®°. The integration of AHP (Analytical
Hierarchy Process) in a GIS to solve spatial planning problems has gained significant attention
among multidisciplinary planners. The ability of GIS to integrate with the AHP has been
demonstrated in several studies related to nature and environmental management*:*,

METHODS

This study was a descriptive review conducted between September to December 2019.
ScienceDirect database was selected to collect research papers by keywords: "Asses of dengue
risk using GIS.” Firstly, researchers searched papers with the title of GIS. Paper that used GIS



was included in the next phase. Secondly, the abstracts were evaluated to see the topics’
appropriates: research on dengue and using GIS to assess the risk area. The paper which met
the criteria of the topic would include in further analysis.

Papers were randomly selected based on the country to obtain the variation across the regions.
Accordingly, we synthesized the included paper through the question: What method is used to
assess dengue risk on the associated area?

RESULTS

There were 376 papers collected from the search process. Among which, xxx exclude paper
was based on their abstract, and five papers were included in the analysis. Table 1 illustrates
the paper included in the analysis.

No. title method
1 | Investigating Spatio-Temporal | Dengue cases from the hospital were visualized
Distribution and Diffusion into distribution and diffusion maps. Space-time
Patterns of the Dengue was used to calculate the spatiotemporal cluster,
Outbreak in Swat, Pakistan! and weighted regression analysis was calculated

to evaluate the impact of slop, population density,
and distance to the river.

2 | Mosquitoes and Vulnerable The participative approach was used to identify
Spaces: Mapping Local dengue spatial risk. Subjects consisted of two
Knowledge of Sites for Dengue | groups: urban and

Control in Seremban and
Putrajaya Malaysia® This study uses a participatory approach to
identify the risk of dengue spatial community.
Subjects were divided into two groups of an urban
area which was an area of the high risk of dengue
fever, the subjects were asked to describe their
area associated with equity mosquito which
further results into a GIS digitation sketch to
create a community of knowledge map.

3 | Spatial Mapping of Temporal | This research detected dynamic temporal-spatial

Risk to Improve Prevention autocorrelation by using the Local Index of
Measures: A Case Study of Spatial Autocorrelation (LISA). Overlaid for each
Dengue Epidemic in Lahore'?, | temporal index produced risk analysis
Pakistan

4 | A spatial model of Geographically Weighted Regression models
Socioeconomic and were used to evaluate the relationship between
environmental determinants of | Socioeconomic and environmental factors and
dengue fever in Cali, dengue incidence
Colombia?

5 | Incorporating the Human This research integrated GIS to detect the
Aedes Mosquito Spatial relationship between population density and

Interactions Into Measuring the | ovitrap and the possibility of contact between
Risk of Urban Dengue Fever human and mosquito
13 Taiwan

DISCUSSION



Mapping tools were more and more utilized for disease surveillance, vector control, and health
promotion activities. Specifically, GIS had been introduced in operational control programs for
malaria and supervision time against the West Nile virus. According to Zeller and
Schuffenecker (2004), the West Nile virus was a flavivirus transmitted by the Culex mosquito
species and transmitted from mosquito to bird. Some of the dengue control programs had been
using GIS to monitor the daily mosquito surveillance data*. Results of other studies of dengue
risk assessment using GIS conducted in Malaysia illustrated that GIS and spatial analysis
methods could be applied to create control strategies dengue and other infectious diseases to
control precautions®®. Another study conducted in Thailand also stated that GIS application
was one of the effective tools to control dengue. Where the results obtained from the three
districts studied, Muang Samut Songkhram district was the only area which was at very high
risk which covered 79.78 km2 and at the district level were areas of high risk and Lat Mae
Khlong Yai?®,

GIS applications in the medical world contributed vast assistants, especially in the case
visualization, since it was one of the important tools in spatial epidemiology to assist the
identification and spatial analysis of the target disease intervention®. In the analysis of risk
factors by the necessary GIS data completeness, data collected were usually derived from
secondary data obtained from a particular agency.The completeness of the data will support
the analysis process and describe the actual conditions. A research conducted in Pakistan used
to demonstrate the use of GIS spatiotemporal clusters against dengue outbreak, eventually
bringing the study to the conclusion that the causes of the dengue incidence were caused by
environmental factors?,

Another study carried out in India showed that GIS applications could detect dengue fever risk
areas by integrating stagnant environmental parameters. The most affecting factors to dengue
incidence were the density of homes, water area, land surface temperature, population density,
land elevation, and land cover use. The results showed that the spatial correlation could help
understand the distribution pattern of dengue fever and zoning potential risk areas®,

The application of GIS to assess the factors which affected the incidence of dengue in Thailand
presented that four main factors out of 11 factors examined affected the incidence of dengue:
population density, number of households, residential areas and human-made water
resources'®. Another similar study conducted in Malaysia was also stated that the factors most
affected on dengue incidence were the housing type, population density, land use, and
elevation®®,

Dengue risk factor assessment was also conducted through GWR (Geographically Weighted
Regression) assisted with spatial methods. It was implemented to look at the socioeconomic
and environmental factors associated with dengue fever, which occurred in Cali, Colombia, in
2010. Social factors were the density of major economic population and socio-economic level.
In contrast, the environmental factors were the proximity to the tire shop and nursery crops and
where the sewage system (R2 = 0.64). The strong correlation between these factors and the
incidence of dengue fever was a spatially heterogeneous environment level. These findings
supported public health strategies for allocating resources locally, which would allow better
detection of high-risk areas,?,

Some of the views mentioned that dengue was caused by several factors. First, appropriate
physical and social environment to the development of dengue vectors was considered high-
risk areas of dengue fever. It illustrated that environmental conditions had a significant effect
on the incidence of dengue. The second factor mentioned that dengue was caused by vector
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density monitoring through entomological surveys. Some studies suggested that many dengue
indicated the number of dengue infections resulted from the vector density. It was recognized
through mapping and analysis of the spatial distribution of mosquito. The approach described
above was used to predict the dengue risk areas, but the information was not sufficient enough
to explain human contact with mosquitoes. For transmission of dengue containing infectious
DB mute and distribution of cases could not comprehensively reflect the risk of transmission.
Human behavior was an important factor in measuring human contact with mosquitoes, and
therefore exposure to the risk of dengueresulted from complex interactions between vectors
and population®?,

The population density was often used in epidemiological studies as a major factor in
explaining the concept of risk populations. Data sources of these indicators were derived from
surveys or demographic censuses based on residence location. The population density was used
to measure the spatial risk of dengue transmission®®, Geostatistical modeling to identify areas
of disease risk factors. To measure the risk of an epidemic was an annual disease rate. The
frequency of occurrence of the epidemic may vary in geographical space; thus, it required the
spread temporal pattern of the epidemic. Therefore, the temporal pattern was very significant,
the risk of the epidemic was more effectively in decision-making when analyzed temporal and
spatial'?,

GI1S-based maps to provide relevant information to assess the risks for individuals traveling to
specific destinations in the epidemic-endemic area, which allowed the need for prevention. The
map can be used to make prevention and control strategies, and other public health policy, to
control vector-borne disease dengue'’.
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