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ABSTRACT

Malaysia’s population is set to reach 33.10 million by the end of 2020. About 10 75% of the population of
Malaysia lived in urban areas and cities. The metropolitan area of Greater Kuala Lumpur had a population
of more than seven million that year, making it the largest urban area in Malaysia. Kuala Lumpur as the city
centre for Greater Kuala Lumpur has been ranked as Southeast Asia’s second most liveable city after
Singapore. The livable city imperative is relevant because Malaysia’s urbanization process is moving towards
harmonization with the principles of sustainable development. Livable city involves many interdependent
factors contributing to the urban quality of life. With their complete physical and social infrastructures, the
urban types are an essential basis for improving the quality of life of the urbanites. However, increasing
population and rapid land-use changes led to the emergence of vector-borne diseases such as dengue in
urban area. Prolong dengue outbreaks will reduce livability in urban areas. Therefore, this study aims to
look at the density of dengue distribution in Bandar Baru Bangi town in 2014, 2015, 2016 and 2017. The
study uses data provided from the Ministry of Health Malaysia and shows the focus of dengue cases in
residential and industrial areas of Bandar Baru Bangi town. Spatial analysis using Geographical Information
System (GIS) was applied to identify the locality of dengue incidence within study area. Spatial statistical
analysis of dengue cases used Kernel Density Estimation to distinguish dengue hotspots from the distribution
of exact location of dengue cases reported in Bandar Baru Bangi town. Kernel density estimation showed
the dengue hotspots concentrated on the east of 29 Bandar Baru Bangi town. The results found that the
highest density was in 2015 was 605 to 706 points per square kilometres. This study also discover that most
of the hotspots constructed were located at the residential area of Bandar Baru Bangi. This study is essential
to help local authorities eradicate dengue in urban areas for future management strategies; therefore, this
study is vital to help local authorities eradicate dengue in urban areas for future management strategies.
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Introduction

When people live in a location with a generally
clean, healthy, stable and safe environment, that
place can be categorized as livable (Shaharudin et
al., 2010). In the post-independence era, more Ma-

laysians have migrated to urban areas seeking for a
better life. Kuala Lumpur as a developing city, of-
fers many job opportunities to cater for the urban
population, thus, it has transform Kuala Lumpur
into a city with a high population density. Further-
more, urban areas such as Kuala Lumpur, also pro-
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vide numerous facilities and services in various sec-
tors, including education, transport, health and
communication. Every year, a growing population
causes urban areas into becoming more compact,
and gradually creates satellite cities around Kuala
Lumpur, namely Greater Kuala Lumpur or also
known as Klang Valley. Situated on the outskirts of
Kuala Lumpur, several districts of Selangor State
such as Shah Alam, Petaling Jaya, Klang, Subang
Jaya, Selayang, Ampang Jaya, Sepang, and Kajang
that made up Greater Kuala Lumpur are develop-
ing gradually as these cities provide a pleasant and
more spacious residential area (Economic Transfor-
mation Programme, 2020).

Malaysia has experienced a rapid expansion of
the neighbourhood, especially in urban areas since
the 1970s due to the rapid cycle of urbanization
(Shaharudin et al., 2010). The major driving forces
for housing demand and development are shifts in
demographics, land availability and suitability.
Therefore, urban liveability can be defined as a sus-
tainable and harmonious way of developing eco-
nomic, financial, cultural, land use and the environ-
ment in cities (Asgarzadeh et al., 2012). A liveable
city, from urban planning and land use, is a commu-
nity with a sufficient set of good living conditions
(both natural and cultural) and appropriate patterns
of land use that meet the needs of residents (Chen et
al., 2016).

While rapid urbanization has brought tremen-
dous changes to the urban landscape, scholars also
noted the increase in outbreaks of vector-borne in-
fectious disease, the dengue fever in these satellite
cities (Rohani et al., 2018; Noor Afizah et al., 2016;
Basar et al., 2018; Kamis et al., 2016; Nik Ruzman et
al., 2017; Hasnan et al., 2017; Ibrahim et al., 2017;
Mohd Hazrin et al., 2016; Rozilawati et al., 2015;
Ramlee, 2015; Ling, 2015; Aziz et al., 2014; Ling et al.,
2014). Dengue fever is one of the world’s most rap-
idly spreading mosquito-borne viral diseases
caused by closely related dengue viruses. There was
about 1.2 million dengue fever reported around the
world in 2008, which then rose to 3.34 million cases
in 2016 (World Health Organization, 2019). Accord-
ing to statistic by Ministry of Health Malaysia,
130,101 dengue fever cases were reported for the
year 2019 and caused 182 deaths in Malaysia
(MOHM, 2020). However, dengue fever cases
shows significant decline in March 2020 where there
are 34,238 cases  reported cumulatively compared to
the same week on last year (March 2019) with 36,285

71 dengue fever cases have been reported (MOHM,
2020). Dengue is predominantly an urban disease in
Malaysia, and Selangor is the area that has been pri-
marily affected by the disease with a large number
of cases (Khormi et al., 2011).

The increase in vector density can be attributed to
heavy monsoon and hot, humid weather driven by
the area’s construction activities, urbanization,
population growth, ecological and environmental
changes (Amrruthraj et al., 2019). It is observed that
the main dengue vectors are active via Aedes mos-
quitoes when the temperature in the surrounding
area is below 28°C. Aedes mosquitoes also need
clean stagnant water to reproduce and lay eggs
(Abd Majid et al., 2019). Female Aedes aegypti lay
eggs usually on the interior walls of artificial con-
tainers. When the containers are filled with water,
the eggs hatch for the mosquito larvae. An Aedes
mosquito’s egg will hatch into a larva in less than a
day under optimal conditions. After about four
days, the larva develops into a pupa, from which an
adult mosquito emerges after two days.

The Aedes mosquitoes used to live with people
and reside within and outside the home. The den-
gue virus is known to spread rapidly due to the
high adaptive pattern of the Aedes species with cli-
mate change, common areas suitable as breeding
sites, functional population mobility and interna-
tional trade (Bouzid et al., 2014). With high popula-
tion density, the urban area is concentrated with on-
going construction, abundant land, and field, pro-
vided a suitable habitat for Aedes mosquitoes. Thus,
this situation resulted as dengue disease also one of
the leading health problems in Bandar Baru Bangi
town, that located within the state of Selangor
(Abdul Majid and Muhamad Rasdi, 2019). Through
GIS, dengue outbreaks mapping within Bandar
Baru Bangi town can be built. Spatial mapping that
uses point data can indicate areas affected by den-
gue incidence.

The surveillance of epidemic spread using GIS
mapping is slowly becoming relevant for disease
control and management (Bhoomiboonchoo et al.,
2014). The GIS method and spatial-temporal analy-
sis techniques useful for measuring, assessing, and
interpreting the dengue outbreak in the urban area
(Khormi et al., 2011). Geo-processing and digital
modelling methods have been implemented over
the years to analyze public health issues and to use
spatial analysis tools to interpret the spatial distri-
bution patterns of epidemiological data (Rojas et al.,
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1999).
The purpose of this study is to evaluate the den-

sity of dengue cases and to determine the type of
land use in the Bandar Baru Bangi area to contribute
to the effective decision-making process for the con-
trol of dengue outbreaks. ArcMap version 10.5 of
the Geographic Information System (GIS) software
was used to analyze and visualize the density using
the Kernel Density tools. The Kernel Density tool
calculates the density of features around those fea-
tures in a neighborhood. It can be calculated for fea-
tures of both points and lines (ESRI, 2018). The ap-
plication of this knowledge would reinforce the sys-
tem of disease surveillance and enhance human re-
silience in urban areas.

Methods

Case Study

This study is located in the Bandar Baru Bangi
town, which is a part of Kajang Municipal Council
within the state of Selangor, Malaysia with coordi-
nates 2°55’20.6"N and 101°46’50.6"E. Located 38 km
south of Kuala Lumpur, Bandar Baru Bangi has
been growing steadily as this town becomes
favourable for urban dwellers to resides (Figure 1)
(Abdul Majid et al., 2016). The total area of Bandar
Baru Bangi is 2,243 hectares and the total population
of 4811 (DOSM, 2010). The average temperature in
Bandar Baru Bangi is 27°C, and its annual rainfall is
2,302 mm. Bandar Baru Bangi is a small town situ-
ated at the south of Hulu Langat district and sur-
rounded by palm oil estates which were converted
to township over the last two decades. Bandar Baru

Fig. 1. Study Site

Bangi emerged as land developing areas for hous-
ing estates which resulted in the growth of popula-
tion density. Along with the rise of development
growth, dengue epidemiology needs to be con-
trolled to reduce the vulnerability of urban popula-
tions towards the outbreaks (Mutheneni et al., 2018).
Bandar Baru Bangi town was listed as dengue
hotspot ever since year 2010 and this situation
raised as a matter of concern for this study
(MAMPU, 2020).

Data Collection

Detailed data of dengue patients used for this study.
A complete dataset of cases regarding dengue fever
reported from hospitalized patients of every gov-
ernment and private hospital within Bandar Baru
Bangi town from the Ministry of Health Malaysia in
the years 2014 to 2017. Dengue cases reported in
Bandar Baru Bangi shown in Table 1 are 1255 cases
in 2014, 1968 cases in 2015, 1407 cases in 2016 and
1687 cases in 2017. Complete demographic data is
essential for GIS mapping.

Land use data obtained from the local authority
and reclassified according to the relevance of the
study. There are five land-use type includes built-
up area, agriculture, shrub/ secondary forest, trans-
portation and water body (JPBD, 2017).

Statistical Analysis

The Kernel Density method measures the density of
features around point features in a neighborhood.
The kernel density method used to analyze the den-
gue density cases in this study. Conceptually a
smoothly curved surface over each point is fitted. At
the point position, the surface value is the maximum
and decreases with increasing distance from the
point, reaching zero at the point distance from the
point at the Search radius. The density is deter-
mined at each output raster cell by adding values
for all kernel surfaces where the raster cell core is
overlaid (ESRI, 2018).

The following formulas define how the Kernel
density for points is calculated and how the default
search radius is determined within the Kernel den-
sity formula.

The following formula determines the predicted
density at a new (x, y) location:
Where:
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• i = 1,…, n are the input points. Only include
points in the sum if they are within the radius
distance of the (x, y) location.

• popi is the population field value of point I,
which is an optional parameter.

• disti is the distance between point i and the (x,
y) location

Results

Based on the results of the land-use map overlay
with dengue cases, the study area showed a 100%
concentration occurred in the built-up area (Table
1). The built-up area is further subdivided into five
sectors according to the first land-use classification,
namely industry, infrastructure and utilities, public
and commercial institutions, facilities and housing.
However, according to the data provided, the multi-
storey housing area is undervalued in infrastructure
and utilities. The results in (Table 2) show that infra-
structure and utilities are the most significant areas
of dengue fever cases in Bangi town.

Table 1. Dengue cases in different land-use typ

Land-use Type Year
2014 2015 2016 2017

Water body 0 0 0 0
Transportation 0 0 0 0
Agriculture 0 0 0
Built-up 1255 1968 1407 1687
Shrub/ forest 0 0 0 0
Total 1255 1968 1407 1687

Table 2. Dengue Cases in Built-up Sectors

Built-up sector Year
2014 2015 2016 2017

Industry 84 97 129 110
Infrastructure and Utility 744 1283 837 1136
Institution and Public 108 118 163 135
Facilities
Comercial 142 262 152 176
Housing 176 208 126 130
Total 1254 1968 1407 1687

Spatial distribution conducted based on dengue
cases locality reported in the year 2014 found that
from 1255 positive cases, most of the dengue cases
scattered in the east of study site and occurred in a
built-up area in Section 3 and 7 in Bandar Baru
Bangi (Figure 2). Kernel density analysis was car-

ried out to find the’ hot spot’ for dengue cases in
Bandar Baru Bangi town (Figure 3). The field
marked from green to red gradient indicates from
the lowest to highes dengue occurrence rate, which
formed the hotspot on the specific areas in the re-
gion. The density value for dengue cases reported is
between 0 to 491 points per square kilometre with
multiple centralized high densities. The highest
density value for dengue cases in the year 2014 was
between 420 to 491 points per square kilometre ob-
served to be intensed on the northeast of the study
site, with margin spreads to the north and south
from the hotspot. Another two separated centres
with density value from 280 to 350 points per
square kilometre discovered on the west and south-

Fig. 2. Land use 2014

Fig. 3. Kernel Density 2014
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east of Bandar Baru Bangi town, with more signifi-
cant margin from the southeast centre.

Figure 4 shows the spatial distribution of dengue
cases locality reported in the year 2015 in Bandar
Baru Bangi town with 1968 cases, the highest num-
ber of cases compared to another study period (Fig-
ure 4). The same pattern of dengue cases scattered
in the east of study site as the previous year ob-
served but with higher frequency and covered more
sub-district which are in Section 3, 7, 8, 15, and Sec-
tion 16 of Bandar Baru Bangi town. Most of the in-
fected area is a high population density and residen-
tial area. Kernel density analyzed that the density
value for dengue cases reported in the year 2015 is
between 0 to 637 points per square kilometre with
more centralized high density from the year 2014
(Figure 5). The highest density value for dengue
cases in the year 2015 was between 605 to 706 points
per square kilometre observed to be concentrated
on the northeast of the study site, with margin
stretched to the north, south and west from the
hotspot. Two adjacent centres with density value
from 504 to 605 points per square kilometre discov-
ered on the southeast of Bandar Baru Bangi town,
with more significant margin extended to the north
of study area. Another two discrete centres ob-
served at the northeast and west of study site with
density value 403 to 504 points per square kilometre
with a smaller margin than the rest.

Fig. 4. Land use 2015

Fig. 5. Kernel Density 2015

Spatial distribution of dengue cases locality re-
ported in the year 2016 in Bandar Baru Bangi town
shows a significant decline in the year 2016 with
1407 cases (Figure 6). Hence, the concentration of
dengue cases covered less sub-district in the study
site, which is in Section 3, 7 and 15 of Bandar Baru
Bangi. Kernel density analysis found that the den-

sity value for dengue cases reported in the year 2016
is between 0 to 406 points per square kilometre with
more diverse centralized high density compared to
the year 2015 (Figure 7). The highest density value
for dengue cases in the year 2016 was between 348
to 406 points per square kilometre observed form-
ing two separate centres on the lower side of the
study site, with margin extended to the north from
the hotspot. One of the centre developed another
discrete centre to the north direction with a lower
density value of 174 to 232 points per square
kilometre. A newly emerged centre with density
value from 290 to 348 points per square kilometre
spotted on the west of Bandar Baru Bangi town,

Fig. 6. Land use 2016
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with margin expanded to the southwest of study
area. The density value of to 290 points per square
kilometre centred at the northeast of study site with
margin bordered to the north of study area.

Distribution of dengue cases in the year 2017 in-
crease spatially in Bandar Baru Bangi town with
1687 cases reported (Figure 8). Again, most of the
dengue cases located in the housing area in Section
3, 4, 15 and 16 of Bandar Baru Bangi town. Kernel
density analysis figured that the density value for
dengue cases reported in the year 2017 is between 0
to 637 points per square kilometre (Figure 7). The
highest density value for dengue cases in the year
2017 is between 546 to 637 points per square
kilometre observed to be centralized at the northeast
of the study site, which is also the only hotspot ob-
served. A density value from 364 to 455 points per
square kilometre identified below the hotspot, with
margin stretched to the northwest of the study area.

Fig. 7. Kernel Density 2016

Fig. 8. Land use 2017

Fig. 9. Kernel Density 2017

Discussion

Globally, the growing urbanization resulted in hu-
mans and non-humans living in close contact,
which could increase the risk of infectious diseases,

including vector-borne diseases. Rapid urban
growth with comprehensive land-use change pro-
cesses induced breeding environment by develop-
ing new township and infrastructure along with
population growth needs.

Kernel density analysis is essential to facilitate
the authorities on focusing vector control
programme towards on recurrent area of dengue
cases hotspot. One of the frequent hotspot occurred
from year 2014 to 2017 was detected at the northeast
of Bandar Baru Bangi town, specifically in Section 7.
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As a town that is experiencing rapid housing devel-
opment, developer focused on high rise residential
such as apartments and flats to accommodate larger
group of households. Therefore, it is found that
there are three separate apartments in Section 7 with
active dengue cases hotspot along the study period
(Rozilawati et al., 2015; MAMPU, 2020). This situa-
tion is in line with a study that higher dengue cases
arise from interconnected houses compared to
single landed residential (Umor et al., 2007). The
same hotspot pattern observed on the east and
southeast of Bandar Baru Bangi town especially in
Section 3 and Section 4 during study period found
that recurrent dengue fever cases derived among
residents living in rows of terrace houses (MAMPU,
2020). Apparently, this housing area is located adja-
cent to the Langat River. Thus, extensive vegetative
area on the river bank may provide ample breeding
sites for Aedes mosquitoes, especially Aedes
albopictus, eventually contribute to the high dengue
fever incidence in the neighbourhood (Rozilawati et
al., 2015; Nurin-Zulkifli et al., 2015). Apart from
built-up factor, local lifestyle of the society also con-
tribute to the dengue incidence in that area
(Mohiddin et al., 2015). Night markets in Bandar
Baru Bangi that operate almost every day on differ-
ent location around the residential area caused
waste and trash to pile up after operating hours,
which then only to be clean up on the next morning
by the authority (MPKJ, 2020). There are possibility
that those trash to be carried away by the wind or
rain before it is being clean up, thus increase the
probability of turning into Aedes breeding sites
(Samuel et al., 2014; Mariappan et al., 2015;
Nkwachukwu et al., 2013; Raharimalala et al., 2012).
Therefore, local hygiene is also important to combat
dengue incidence in the neighbourhood.

Further increase in dengue cases will impede the
growth of Bandar Baru Bangi urbanization in the
future. This is because of the higher the rate of den-
gue infection, the lower the livability of the area
(Abd Majid et al., 2019). Thus new methods for con-
trolling dengue fever targeted at frequent hotpot
locality are increasingly needed. Malaysia had some
significant initiatives on dengue control to manage
this problem. Since dengue cases often occurred in
the housing area, the use of Temefos in large water
containers are practised nationwide to reduce the
populations of Aedes larvae used in community
programs.

Conclusion

This study conducted discovered that dengue cases
shows the highest density for hotspot in year 2015,
from 605 to 706 points per square kilometre in resi-
dential and industrial areas of Bandar Baru Bangi.
Meanwhile, the lowest density value for dengue
hotspot was found in year 2016 with 348 to 406
points per square kilometre. Hotspots appeared
persistently on the east side of study area along the
study period where that shows the residential area
of Bandar Baru Bangi are concentrated compared to
the industrial area on the west side of the town.
Thus, this study also suggest that there are numer-
ous potential Aedes breeding sites at the residential
area of Bandar Baru Bangi which contributed by the
abundance of vegetative area among the
neighbourhood and their local lifestyle.

The government should enhance their effort, es-
pecially on raising awareness to the public on main-
taining the cleanliness of the environment to pre-
vent the spread of dengue in urban areas. Contrac-
tors and labourers should dispose of all stagnant
water in the construction site to eliminate dengue.
With the information stored in the GIS, various ac-
tions and precautions can be taken in areas affected
by dengue. Existing databases must be carefully
maintained to reduce dengue infections in the fu-
ture. Preventive measures need to be enhance to
improve future livability of the population.
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