
Abstract
In recent decades, dengue outbreaks have become increasing-

ly common around the developing countries, including Malaysia.
Thus, it is essential for rural as well as urbanised livelihood to
understand the distribution pattern of this infection. The objective
of this study is to determine the trend of dengue cases reported
from the year 2014 to 2018 and the spatial pattern for this spread.
Spatial statistical analyses conducted found that the distribution
pattern and spatial mean centre for dengue cases were clustered in
the eastern part of the Bangi region. Directional distribution
observed that the elongated polygon of dengue cluster stretched
from the Northeast to the Southwest of Bangi District. The stan-
dard distance observed for dengue cases was smallest in the year
2014 (0.017 m), and largest in 2016 (0.019 m), whereas in the year
2015, 2017 and 2018, it measured 0.018 m. The average nearest
neighbour analysis also displayed clustered patterns for dengue
cases in the Bangi District. The three spatial statistical analyses
(spatial mean centre, standard distance and directional distribu-
tion) findings illustrate that the dengue cases from the year 2014

to 2018 are clustered in the Northeast to the Southwest of the
study region. 

Introduction
Dengue fever is one of the world’s most deadly mosquito-

borne viral diseases caused by a few closely related dengue virus
types. According to World Health Organisation (WHO) there were
about 1.2 million cases of dengue fever around the world in 2008,
which then rose to 3.34 million in 2016 (WHO, 2020), while the
Malaysia Ministry of Health Dengue (2019) has stated that the
number of cases is high in Malaysia and neighbouring tropical
countries, for instance Cambodia, China, Laos, Singapore,
Vietnam, as well as in Australia, The Philippines and the Pacific
Islands. In Malaysia, dengue is predominantly an urban disease,
and Selangor is the area that has been primarily affected by the
disease with high numbers of cases reported (Khormi et al., 2011).
The tropical and subtropical climate enriched with high precipita-
tion, humidity and temperature lead to a longer vector lifespan and
stronger reproduction (Aziz et al., 2014; Das et al., 2014; Nik
Syaza Lina et al., 2017). 

The Aedes aegypti mosquito is the primary vector of dengue,
and the virus is transmitted to every individual the infected female
bites during its lifespan. Human-made containers with water are
favourite breeding places for Ae. aegypti (WHO, 2020). Hot and
humid climates with an average temperature of 27°C provide suit-
able conditions for the mosquito to produce, especially in urban
areas. The spread of dengue is also linked to the weather and the
season. Most studies in Malaysia have identified the association
between dengue and rainfall distribution (Aziz et al., 2014;
Rohani et al., 2014; Williams et al., 2015; Mohiddin et al., 2015;
Hii et al., 2016; Masnita et al., 2018). Stagnant water after rainfall
enlarge the Ae. aegypti breeding grounds. However, there is a
decline in dengue cases when heavy rains continue in a city as
they destroy the mosquito larvae in exposed containers (Mohiddin
et al., 2015). Land surface and water temperatures in agricultural
are higher than in forested areas, which can accelerate the growth
process of Ae. aegypti larvae but these conditions reduce the life
cycle of adult mosquitoes (Kweka et al., 2016). However, an
increase in temperature above 28°C results in a decline of dengue
cases as the water reservoir dries up and thus impedes the breeding
possibilities. Besides, a study done by Rohani et al. (2014), found
that the Aedes mosquitoes also need a neutral pH to reproduce. A
recent survey conducted by Ahmad et al. (2018) shows that the
number of these mosquitoes also decreases during the haze, a sea-
sonal air pollution in many Southeast Asian countries caused by
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underground smoldering peat fires, which interferes with mosquito
reproduction. The smoke and heat carried by the haze can also
make it difficult for the mosquito to detect human body heat but
this is a contended issue with researchers arguing that the spread of
dengue is not affected by the haze (Thiruchelvam et al., 2018).

For many years, the government has conducted programmes
and activities to control and overcome the dengue outbreaks in
Malaysia. However, with increasing population densities dengue
will be a significant health risk. Therefore, viral disease mapping
and monitoring using geographical information systems (GIS)
have become vital for epidemic control and further management
plan strategies. Spatial analysis by means of commercially avail-
able software (ESRI, 2018) help to estimate the risk for dengue
fever across affected areas and offer insights into the nature of dis-
ease clusters. This study aims to determine and analyze the trend
of dengue fever cases and its spatial spread in Bangi, Selangor, tak-
ing into account selected weather variables, such as rainfall and
temperature. This study aims to provide valuable information for
effective control and decision-making with regard to dengue out-
breaks. GIS software ArcGIS v. 10.5 (ESRI, Redlands, CA, USA)
was used to investigate and visualise the distribution pattern in a
geographic context (Abdul Samad and Shaharudin, 2017). Three
spatial statistical methods, directional distribution, spatial mean
centre and standard distant analysis, were used to test the temporal
trends of dengue cases for the period 2014 to 2018. The findings
should enhance public health surveillance with respect to dengue
and contribute to preparation of future management plans.

Materials and methods

Study area
This study area was located 38 km south of Kuala Lumpur in

Bangi Town, Hulu Langat District, Malaysia with coordinates of
2°55’20.6”N and 101°46’50.6”E (Figure 1). This region in the
southern part of Hulu Langat hosts a new town and converted town-
ships erected during the latest four decades. Bangi is an emerging
land development area for housing estates covering 2243 hectares,
with steadily increasing numbers of the population and economic
activity. The average temperature is 27°C, with an annual average
rainfall of 2302 mm making Bangi a potential area for the spread of
dengue, something which needs to be controlled to reduce the vul-
nerability of urban populations (Mutheneni et al., 2016).

Data 
A complete dataset of dengue fever cases was obtained from

the Hulu Langat District Health Office. The dataset is based on
register records at the government hospital in Bangi covering the
period 2014-2018. It includes 7779 positive dengue cases recorded
for Bangi Town during these five years. It contains information on
the residences of the patients and was used to map the distribution
of the cases in ArcMap v. 10.5 (ESRI). 

Statistical analysis

Spatial mean centre
The mean center is the point with the shortest average distance

from all other points, and is explained by the average x and y values
for the input feature centroids. This tool requires projected data to

accurately measure distances. Here, the average of the coordinates of
all patients in the study constituted the spatial mean centre in the
study area. The mean centre is a visualisation of the distribution based
on the distribution of dengue cases, which changes along with addi-
tion or subtraction of cases. It is calculated by the equations below: 

                                                         
(1)

                                                         
(2)

where xi and yi are the geographical coordinates of case i, and n is
equal to the total number of cases.

Standard distance
The standard distance is the single value that measures the

compactness of the distribution around the mean centre. It is a
value that can be shown on a map by drawing a circle with a radius
equal to the standard distance. Distance standards are a new class
of property forming a circular polygon centred on the mean centre
for each case. The value attributes for each polygon of the circle
are the x-coordinate, the y-coordinate of the different centre means
and the standard distance (the radius).

Standard distance calculation is as follows:

                                     
(3)

where xi and yi are the geographical coordinates of case i, (x,̄ y ̄)
represents the mean centre of the cases, and n is equal to the total
number of cases. 

Standard deviational ellipse
The standard deviational ellipse (SDE) creates an output fea-

ture class containing elliptical polygons, one for each case, which
show the standard deviation of the x-coordinates and y-coordinates
from the mean center giving the central tendency, dispersion and
trend direction. The usual way to measure patterns in the area is a
set of standards that calculates the distances on the x and y axes.
These measures defines the axis of the ellipse distribution charac-
teristics, whose particular orientations are shown by the ellipse’s
elongated features. Disease surveillance studies use ellipses to
model spatial distribution since the central tendency and dispersion
are two principal aspects, particularly to epidemiologists (Eryando
et al., 2012). The ArcGIS v. 10.5 software used to conduct these
spatial statistical analyses were the following:

                                     
(4)

                                     
(5)

where xi and yi are the coordinates of case i, (x,̄ y ̄) represents the
mean centre of the cases, and n is equal to the total number of
cases. 

                   Article
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Spatial pattern analysis
In addition to the spatial distribution analysis, the distances

between the locations of each incidence points were also analysed
by using the average nearest neighbour (ANN), which is calculated
as the observed average distance divided by the expected average
distance (Abd Majid et al., 2019). When the ratio is <1, the data
display a clustered pattern and when the ratio is >1, there is instead
a dispersed pattern. This analysis was applied to evaluate whether
the dengue incidence in the study area clustered, random or dis-
persed (Abd Majid et al., 2016). 

Results
The result shows that the study area had 1240 dengue cases in

2014, which climbed to 1968 cases in 2015. In 2016, the number
declined to 1407 cases; however, it rose again to 1687 cases in
2017 and then finally went down to 791 cases in 2018. There was
thus a strong downturn of reported dengue cases compared to the
previous years. 

The spatial mean centre was used to analyse the foci of the
phenomena recorded. Table 1 shows the variation of the geograph-
ical coordinates during the study period, and Figure 2 shows the
location of every dengue fever case for the period 2014-2018,
together with their mean respective centres calculated annually
based on the monthly record of the number of cases.

Figure 3 shows the directional distribution of dengue cases for
six years, respectively. The ellipse polygons of dengue cases were
very similar in all six years, with the general distribution direction
stretching from Northeast to the Southwest of the Bangi Town
(Figure 3). The long axis direction of the ellipse polygons varied
by 12.22°, 8.89°, 1.58°, 15.36° and 15.07° for the years 2014 to
2018, respectively. For 2015, the ellipse polygon was found to be
lower and smaller on the upper side of the polygon compared to
2014 and extended further towards the South of the study area,
while the one for 2016 had a larger radius to the West of Bangi
Town. However, the ellipse polygon for 2017 was much more
elongated in the northern direction than any of the other ones and

it was also more narrow. In contrast, the 2018 ellipse polygon had
a stronger presence to the Southwest.

Figure 4 shows the standard distance with regard to dengue
fever cases in the Bangi District. The standard distances for dengue
cases reported for 2014 and 2017 were 0.017 m 0.019 m, respec-
tively, which was the smallest and the largest in the range for all
the years, while it was the same (0.018 m) for 2015, 2017 and
2018. This means that the distribution was of similar density for all
the years investigated.

Table 2 and Figure 5 show that that the spatial pattern of the
dengue fever cases for each year of the study period was aggregat-
ed with a nearest neighbour ratio <1 at a critical value (z-score)
less than –2.58 and a significance level (P-value) of 0, suggesting
a less than 1% likelihood that this clustered pattern could be ran-
dom (ESRI, 2018). Thus, the outcome of the ANN calculations
indicated that the dengue hotspots were located in the north-east-

Figure 1. Study site.
Figure 2. Variation of the spatial mean centre of dengue cases in
Bangi Town in the period 2014-2018.

Table 1. Variation of the geographical coordinates for the spatial
mean centre 2014-2018.

Year                          x-coordinate                    y-coordinate

2014                                        101.774471                                    2.960287
2015                                        101.775198                                    2.955823
2016                                        101.772130                                    2.955496
2017                                        101.774598                                    2.964154
2016                                        101.771081                                    2.956525
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ern, eastern, southern part of the study area, with a smaller cluster
in the West (Figure 2). 

Discussion
It is essential to understand the epidemic spatio-temporal pat-

tern of the dengue outbreak and the geographic distribution mea-
sures provide this through the formulation of the spatial mean cen-
tre, directional distribution and standard distance. The statistical
analysis undertaken was used to determine the spatial distribution
of dengue fever in Bangi and to get a better understanding of the
underlying causes that might be associated with the cases.
Something must have caused the clustered pattern seen in Figure 2
and it seems highly likely that the rapid growth of the population
density in Bangi Town contributed to the high dengue incidence
noted in the study period.

The spatial statistical analysis performed in this study found
that dengue cases reported throughout the study period clustered
around an area ranging from Northeast to Southwest covering
almost half the study site. With all likelihood these same areas are
also preferred breeding sites of the dengue Ae. aegypti vector.
Perhaps more importantly is that the urban areas in the Klang
Valley that we studied has seen a rapid increase in population in the
last few years and now reached saturation levels barring any fur-
ther expansion. Growth of new urban areas such as Bandar Baru
Bangi, and the modern industrial sectors such as Sg. Chua, Kajang,
Cheras Batu 9, Cheras Batu 11 and Balakong around Bangi Town
have contributed to the increase in population. Although rapid pop-
ulation growth is often related to an increased dengue incidence in
urban settings due to the presence of artificial dengue vector breed-
ing sites, this factor is not directly related to Bandar Baru Bangi
Town (Rozilawati et al., 2015). The proximity to the capital city of
Kuala Lumpur and the central city Putrajaya has also made it a
prime area for homes, as it is good for commuting by public trans-
port with existing useful road systems (Shaharudin et al., 2002). 

GIS application in this study has shown that this approach is
not only useful for investigation of dengue outbreaks, but may also
be applied for the surveillance of various communicable diseases
by linking disease occurrence, cause identification and the geogra-
phy of the area affected. Basic information and this type of link-
ages should assist regulatory decision making and actions applied
to the target area. Research also could be broadened to cover other
aspects such as land use, socioeconomic situation, and even a
study of the effectiveness of preventive measures. 

                   Article

Table 2. Analysis by average nearest neighbour for dengue cases
reported from 2014 to 2018.

Year                       Ratio                       z-score               P-value

2014                              0.128988                          –58.889254                  0.000000
2015                              0.359938                          –54.320747                  0.000000
2016                              0.375227                          –44.833228                  0.000000
2017                              0.399819                          –47.159633                  0.000000
2018                              0.396804                          –32.454686                  0.000000

Figure 3. Standard deviational ellipses (SDE) polygons of dengue
cases in Bangi Town in the period 2014-2018.

Figure 4. Standard distance for dengue cases in Bangi District for
the period 2014-2018.
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Figure 5. Average nearest neighbour analysis for dengue cases: A) year 2014; B) year 2015; C) year 2016; D) year 2017; E) year 2018.
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Conclusions
Spatial statistics play a significant role in understanding the

epidemiology of dengue. This approach contributed to illustrate
the clustering of this infection along a trajectory stretching from
Northeast to Southwest in Bangi District in the 2014-2018 period.
Hence, the formation of clustered patterns can assist responsible
organisations to focus on identified hotspots as they signify the
presence of frequent dengue cases. Together with the community
living in the hotspot areas, authorities may stimulate mitigation
actions to eliminate breeding sites of Aedes mosquitoes that would
eventually improve community resilience and decrease the magni-
tude of hotspots in targeted areas. 
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