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Abstract

Background: Dengue outbreak has proliferated around the developing countries, including
Malaysia, in recent decades. Thus, understanding the distribution pattern is essential for
urbanization livelihood.

Method: The objective of this study is to determine the trend of dengue cases reported from
year 2014 to 2018 and the spatial pattern for dengue spread with reference to weather
elements in Bangi town.

Results: Spatial statistical analyses conducted found that the distribution pattern and spatial
mean center for dengue cases was clustered at the east of Bangi region. Directional
distribution observed that the elongated polygon of dengue cluster stretched from the
northeast to the southwest of Bangi district. Standard distance for dengue cases was the
smallest for the year 2014 (0.017 m), and the largest was in the year 2016 (0.019 m), whereas
dengue cases in year 2015, 2017, and 2018 were measured at 0.018 m. The average nearest
neighbor analysis also observed clustered patterns for dengue cases in Bangi district.
Pearson’s correlation analysis found that temperature (r = -0.269) was negatively correlated
with dengue cases for year 2014 and 2018; however, rainfall amount (r = 0.286) and rain days
(r =0.250) were positively correlated with dengue cases in year 2018.

Conclusions: The three spatial statistical analyses (spatial mean center, standard distance,
and directional distribution) findings illustrated that the dengue cases from the year 2014 to
2018 are clustered on the northeast to the southwest of the study region. The rainfall element
is found to be a significant positive factor correlated for most study years compared to
temperature element.
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Background
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Dengue fever is one of the world's most deadly mosquito-borne viral diseases caused by
closely related dengue viruses as it is spreading promptly. There were about 1.2 million
dengue fever cases reported around the world in 2008, which then rose to 3.34 million cases
in 2016 [1]. Dengue cases have reported high in tropical areas, include Cambodia, Laos,
Malaysia, Singapore, Philippine, China, Vietnam, and Australia, as well as countries in the
Pacific Islands [2]. In Malaysia, dengue is predominantly an urban disease, and states of
Selangor is the area that has been primarily affected by the disease with high numbers of
cases reported [3]. The tropical and subtropical climate enriched with high precipitation,
humidity, and temperature lead to vector lifespan and reproduction [4-16].

Aedes aegypti mosquito is the primary vector of dengue. Once the infected female
mosquitoes bite humans, this virus transmitted to every individual during its lifespan.
Urbanized areas, mostly in human-made containers, are favorite for Aedes aegypti to breed
and live [1]. Hot and humid climate with an average temperature of 27 C provides suitable
conditions for Aedes to breed, especially in urban areas. The spread of dengue also linked to
the weather and the season. Most studies in Malaysia have identified the association between
dengue and rainfall distribution [5, 17-25]. Stagnant rainfall, especially in residential areas,
creates more Aedes mosquito breeding grounds. However, there is a decline in dengue cases
when heavy rains continue in an area as heavy rains destroy Aedes mosquito larvae from
exposed containers [24]. Surface temperatures and water in agricultural drainage founded to
be higher than in forested areas, which can accelerate the growth process of Aedes mosquito
larvae and reduce the life cycle of adult mosquitoes [26]. However, an increase in
temperature above 28°C affects the decline of dengue cases as the water reservoir is dry and
impedes the breeding of Aedes mosquitoes. Besides, a study was done previously also found
that Aedes mosquitoes need a neutral pH to reproduce [25]. A recent study conducted shows
that the number of Aedes mosquitoes also decreases during the haze season and makes it
challenging to reproduce Aedes [19]. This may be due to smoke and heat carried by haze
make it difficult for Aedes mosquitoes to detect human body heat to bites. On the other hand,
the researcher also argues in their study that the spread of dengue has nothing to do with the
haze season [27].

For many years, the government has conducted programs and activities to control and
overcome the dengue outbreaks in Malaysia. However, Dengue will be a significant health
risk unceasingly with increasing numbers of population density. Therefore, viral disease
mapping and monitoring using GIS have finally become significant for epidemic control and
further management plan strategies. Spatial analysis help to estimate the risk for dengue fever
across affected areas and offer insight into the nature of dengue fever disease clusters [28].

Hence, this study aims to determine and analyze the trend of dengue fever cases and its
spatial spread in Bangi, Selangor, as well as the relation with selected weather variables,
which are volume of rainfall and temperature according to temporal manner. This study
provides valuable information needed for the effective control and decision-making process
of the dengue outbreak in a particular area. Geographical Information System (GIS) software
ArcGIS10.5 was used to investigate and visualize the distribution pattern in a geographical
context [29]. Three spatial statistical methods were used to test the spread trend for dengue



cases and observe the differences between dengue cases reported from the period of the year
2014 to 2018. The methods are directional distribution, spatial mean center, and standard
distant analysis. The findings would enhance disease surveillance systems by using the
application of GIS in the field of public health and medicine for future management plans.

Methods
Study area

This study area is located in the Bangi town, in Hulu Langat district, Malaysia, with
coordinates of 2°55'20.6"N and 101°46'50.6"E and located 38 km south of Kuala Lumpur
(Figure 1). The total area of Bangi is 2243 hectares, with increasing numbers of the
population and economic activities. The average temperature in Bangi is 27°C, with an
annual average rainfall of 2302 mm. Bangi is a region situated south of Hulu Langat district,
the new town and region converted to townships for the last four decades. Bangi is an
emerging land developing areas for housing estates, which resulted in the rapid growth of
population density. With this characteristic, Bangi is a potential area for high dengue cases.
Along with the rise of development growth, dengue epidemiology needs to be controlled to
reduce the vulnerability of urban populations towards the outbreaks [30].
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Figure 1: Study Site
Data collection
Dengue Cases Data

A complete dataset of dengue fever cases obtained from the Hulu Langat District Health
Office. The dataset based on register records at the government hospital in Bangi from the
year 2014 until 2018. There were 7779 positive dengue cases throughout the Bangi town
within that period. The location of the patients was extracted from the data to map the
distribution in ArcMap10.5.



Meteorological Data

The weather variables in this study included were monthly average temperature and rainfall
amount. Meteorological data for the period of 2014 to 2018 obtained from weather
monitoring station based in Sepang district (2°45221.0"N 101°4225.3"E) by Meteorological
Department Malaysia, located in southwest Bangi, which the data generally used to represent
the weather conditions for the whole state of Selangor [31].

Statistical Analysis
Spatial Mean Center

A spatial mean center is the average coordinates x and y of all features in the study location.
The mean center can detect changes for the distribution based on features, to show the
centered phenomena for visualizing based on the dengue cases. The new feature point of the
mean center created a new feature point dengue cases for classification where every feature is
representing the mean center. The changes in the distribution of the mean center will be
detected. The location of the mean center will represent by location x and y value as a feature
on the dimensional field. Calculated the mean center as below:

Z?=1 Xi

n

>
Il

)

~l
Il

Zi:lyi (2)

n

Standard Distance

The standard distance is a single value that measures the compactness of distribution
spreading around the center. The standard distance used to create a polygon circle. It is a
value that can be mapped by drawing a circle with a radius equal to the standard distance.
Distance standards are a new class of property forming a circle polygon centered with the
mean center (the center and a circle for each case). Value attributes for each polygon of the
circle are the x-coordinate, y-coordinate of the center means, and standard distance (circle
radius).

Standard distance calculation is as follows:
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2.3.3 Standard Deviational Ellipse (SDE)

The standard deviation ellipse is to summarize the geographical space features central
tendency, dispersion, and the direction of the trend. The usual way to measure trends in the
area is a set of standards to calculate the distance separately on the x and y axes. Both
measures include defining the axis of the ellipse distribution characteristics. Ellipse referred
to as the standard deviation ellipses, as the method of the standard deviation of the
coordinates x and y-coordinates of the center axis of the ellipse min calculated to determine.



The distribution of the ellipse is elongated features and have a particular orientation. Disease
surveillance studies used ellipses to model spatial distribution since the central tendency and
dispersion are two principal aspects, particularly to epidemiologists [32]. ArcGIS10.5
software used to conduct these spatial statistical analyses.
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Spatial Pattern Analysis

In addition to the spatial distribution analysis, the distance between the location of each
incidence point was also analyzed by using the average nearest neighbor (ANN). This
analysis calculates the distance between each point centroid with the nearest point centroid,
and then averaged all nearest neighbor distances [33]. ANN ratio calculated is considered as
the observed average distance divided with expected average distance [34]. This analysis was
applied to evaluate whether the dengue incidence in the study area clustered, random, or
dispersed [35]. The data shows a clustered pattern when the ratio is less than 1; meanwhile,
the ratio is greater than 1 represents a dispersed pattern in the data [28].

Relationship of Dengue Cases with Weather Variable

Since secondary data obtained as quantitative data, the relationship between monthly dengue
cases was analyzed with monthly average temperature, rainfall amount, and rain days for the
period of 2014 to 2018 consecutively by using the general linear model and Pearson
correlation coefficients at p < 0.05 [36]. Pearson’s correlation is represented as r indicates the
magnitude of the association measured between two variants as its range is within —1 to +1
[5, 37]. This statistical analysis was carried out using IBM SPSS Statistics 21 software.

Results

This study uses statistical analysis to determine the spatial distribution of dengue fever in
Bangi. Besides, it is useful to get a better understanding of the underlying causes that might
be associated with the cases. The geographic distribution pattern is used to measure spatial
patterns for the dengue outbreak. It is essential to understand how the epidemic spread using
the formulation of the spatial mean center, directional distribution, and standard distance. The
result shows that the study area had 1240 dengue cases in 2014 and then climb up to 1968
cases reported in 2015 (Figure 2). In 2016, positive dengue cases reduced to 1407 cases
compared to the previous year; however, the number rose again to 1687 cases in 2017. There
is a downturn of reported dengue cases compared to the previous year, where more than half
of positive dengue cases recorded in 2018, with 791 cases reported.



300
250

”

%200 "\\ —=@=—2014

;go 150 2015

g 100 ‘/\ = 2016
0 50

0 2017

5858583532883 8 —e2

Month

Figure 2: Graph of monthly dengue cases reported in Bangi town from the year 2014 to
2018.

The spatial mean center was used to analyze where phenomena are centralized. Figure 3
shows the location of every dengue fever cases for the period of the year 2014 to 2018,
together with their mean centers, respectively. The mean center is calculated based on
monthly dengue cases reported for six years independently. The spatial mean center for
dengue fever cases for the year 2014 is located at x-coordinate 101.774471 and y-coordinate
2.960287 (Figure 3). The mean center for the year 2015 is located at x-coordinate
101.775198 and y-coordinate 2.955823. For the year 2016, the mean center for dengue cases
is located at x-coordinate 101.77213 and y-coordinate 2.955496. Meanwhile, the mean center
for the year 2017 is located at x-coordinate 101.774598 and y-coordinate 2.964154, and for
the year 2018, it is situated at x-coordinate 101.771081 and y-coordinate 2.956525.
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Figure 3: Spatial mean centers of dengue cases in Bangi town from the year 2014 to 2018.

Figure 4 shows the directional distribution of dengue cases for six years, respectively.
Generally, the directions for the distribution of dengue cases in all six years are almost
similar, stretching from northeast to the southwest of the whole Bangi town (Figure 4).
Ellipse polygon of directional distribution for the year 2014 is located at the center from
another year with rotation 12.22° on the long axis. For the year 2015, the ellipse polygon was
found to be lower and smaller on the upper side of the polygon compared to the year 2014
and extended further towards the south of the study area, with rotation 8.89° on the long axis.
Ellipse polygon for the year 2016 was found to spread a larger radius to the west of Bangi
town with rotation 1.58° on the long axis. However, ellipse polygon of the year 2017 was
observed to be elongated to the outermost among all years’ ellipses on the top side of a
polygon and narrowed on the long side of its polygon with rotation 15.36° on the long axis.
In contrast to the year 2017, ellipse polygon for the year 2018 was elongated to the southwest
of the study site with rotation 15.07° on the long axis.
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Figure 4: Standard deviational ellipses of dengue cases in Bangi from 2014 to 2018.

Figure 5 shows the standard distance of dengue fever cases in the Bangi district. The standard
distance for dengue cases reported in the year 2014 is 0.017 m, which is the smallest range
among all years of dengue cases in Bangi. Meanwhile, dengue cases reported in the year
2015 has the standard distance measured 0.018 m, the same as the year 2017 and 2018. The
standard distance for dengue cases recorded in the year 2016 observed to be the largest
compared to other years’ cases, measured with 0.019 m.
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Figure 5: Standard distance for dengue cases in Bangi district from the year 2014 to 2018.

The table shows the average nearest neighbor analysis performed found that the p-value was
0, and the ratio was less than 1 for each year of the study period, which suggested a less than
1% likelihood that this clustered pattern could be the result of random chance. This shows
that the spatial pattern of dengue fever cases was aggregated (Figure 6).

Table 1: ANN statistical analysis for dengue cases reported in the year 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
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Figure 6: Average nearest neighbor (ANN) analysis for dengue cases reported on year (a)
2014, (b) 2015, (c) 2016, (d) 2017, and (e) 2018.

The association of weather pattern data with the dengue case frequency is shown in Figure 7.
Generally, the number of monthly dengue cases reported for six years increases as the
monthly average temperature increases as well. However, the graph of dengue cases in the
year 2018 shows a different situation compared to other years as the number of monthly
dengue cases reported a decrease as the monthly average temperature increases.
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Figure 7: Monthly dengue cases against average temperature from year (a) 2014, (b) 2015,
(c) 2016, (d) 2017, and (e) 2018.

Another weather attribute observed in this study is the relationship of rainfall amount with
dengue cases reported annually. Overall, it is found that annual dengue cases in the study site
increases as the annual rainfall amount decreases for the year 2014 and 2015 (Figure 8). Later
on, when the annual rainfall amount decrease in the year 2016, the dengue cases reported in
the same year also decrease. Eventually, the year 2017 shows an increase in dengue cases
where the annual rainfall amount also increases. A significant drop in dengue cases in the
year 2018 from the previous year, where the annual rainfall amount increases slightly.
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Figure 8: Monthly dengue cases against rainfall amount from year (a) 2014, (b) 2015, (c)
2016, (d) 2017, and (e) 2018.

The relationship of rain days with dengue cases reported is also observed in this study. It is
found that annual dengue cases in the study site decrease as the annual rainfall amount
increases for every year observed (Figure 8).
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Figure 9: Monthly dengue cases against rain days from year (a) 2014, (b) 2015, (c) 2016, (d)
2017, and (e) 2018.

Pearson’s correlation coefficient was adopted to find the relation of meteorological elements
with the frequency of dengue cases reported and summarized in Table 2. All significance
level was set at p-value < 0.05 (2-tailed). It is found that all three weather variables show a
significant negative correlation with annual dengue cases in the year 2014. Moreover, there is
a significant positive correlation for dengue cases reported from the year 2015 to 2017 with
average temperature attribute where rainfall amount shows a significant negative correlation
during that period. However, it is observed that the average temperature in the year 2018
shows a significant negative correlation (r = -0.269), meanwhile, a significant positive



correlation showed by rainfall amount (» = 0.286) and rain days (» = 0.250) towards dengue
cases reported that year.

Table 2: Pearson’s correlation analysis result between monthly dengue cases with monthly
average temperature and rainfall amount from the year 2014 to 2018.

Year Average temperature Rainfallamount Rain days

2014 -0.269 -0.134 -0.310
2015 0.046 -0.164 -0.495
2016 0.216 -0.458 -0.306
2017 0.468 -0.305 -0.610
2018 -0.269 0.286 0.250

Correlation is significant at level 0.05 (2-tailed). Significant at p-value < 0.05

The general linear model analysis was used to define the relationship of weather factors with
dengue cases. From Table 3, it can be concluded that there were significant associations
between average temperature, rainfall amount, and rain days with dengue fever cases.

Table 3: General linear model output between the relation of average temperature, rainfall
amount, and rain days with dengue fever cases.

Model Sum ofdf Mean SquareF p-value
Squares
Regression 28671.364 3 9557.121 2451 073°
Residual ~ 218380.819 56 3899.657
Total 247052.183 59

Significant at p-value < 0.05

Thus, an equation can be derived from Table 4 based on the intercept and Beta value as
follows:

Dengue case = 1013.905 — 29.086 (Average temperature) + 0.002 (Rainfall amount) — 5.721
(Rain days).

According to the equation generated, it shows that dengue cases decrease by 29.086 for every
unit decrease in average temperature, given that rainfall amount and rain days remain
unchanged. For every unit increase in rainfall amount, dengue cases increase by 0.002, given
that the average temperature and rain days remain unchanged. Dengue cases decrease by
5.721 for every unit decrease in rain days, given that the average temperature and rainfall



amount remain unchanged. Thus, the rainfall amount was the most significant variable for
dengue cases in the Bangi district.

Table 4: General linear model values of intercept, Beta, standard error, t value, p-value, and
95% confidence interval.

Unstandardized 95.0% Confidence Interval

Variable Coefficients ¢ pP- for B
value

B Std. Error Lower Bound Upper Bound

1013.905 554.720 1.828 0.073 -97.332 2125.142
Intercept
Average -29.086 19.133 1 520 0.134 -67.413 9.242
temperature '

. 0.002 0.137 0.016 0.988 -0.273 0.278

Rainfall amount
Rain days -5.721 2.844 2012 0.049 -11.418 -0.024

Significant at p-value < 0.05
Discussion

From the spatial statistical analysis performed in this study, it is found that dengue cases
reported throughout the study period were clustered at about around the same range, which is
from the northeast to the southwest of Bangi town, covering almost half of the study site.
This situation could propose that these ranges are the hotspots for dengue cases to occur and
perhaps the preferred breeding sites of the dengue vector. This situation has seen a rapid
increase in population in the area. This increase is due to the growth of urban areas in the
Klang Valley region that has reached saturation levels for any area expansion. Growth of new
urban areas such as Bandar Baru Bangi, and the new industrial areas such as Sg. Chua,
Kajang, Cheras Batu 9, Cheras Batu 11, and Balakong around Bangi town has contributed to
the increase in population in the area. Besides, its proximity that is close to the capital city of
Kuala Lumpur and administrative city Putrajaya has also made the Bangi town a prime
destination and home for its ease of commuting using good public transport and existing road
systems [38].

From this study, it is observed that most of the years of dengue cases reported have a positive
correlation with rainfall amount and rain days variable compared to the average temperature
factor (Table 1). It is well-known that the abundance of dengue vector has always been
correlated with rainfall in Malaysia [5, 6, 12]. Rainfall is one of the most critical factors
contributing to the abundance of Aedes mosquito populations and dengue spreading [7-10,
13]. However, in the year 2018, the number of dengue cases reported dropped dramatically
compared to the previous year. From Table 1, it is suggested that the positive correlation of
rainfall amount contributes to the decline of dengue cases frequency as the average
temperature for that year was found to be quite high along the year compared to another study



period. This phenomenon might occur due to the temperature for the hatching rate of Aedes
mosquitoes affected with the higher temperature as their egg hatching percentages are always
associated with a lower temperature of the breeding site [36, 37]. Thus, the dependency for
the Aedes breeding to the rainfall amount is low compared to the temperature element.
Studies done by researchers proposed that heavy rainfall caused water spilled inside
containers, which gave a negative effect on the number of eggs produced and mosquitoes
larvae hatchment at the breeding sites [18, 38-41].

Meteorological data such as daily temperature and rainfall precipitation are unable to be
associated directly with the frequency of dengue cases. As there was no weather station
inside the study site, and we had to rely on the closest weather station, which is about 30 km
from Bangi town. Thus, the meteorological data were temporally but not spatially variable.
GIS application in this study has shown that this tool could be used for the foundation of
multiple disease surveillance to create a linkage between disease occurrence, identification of
their causes, and the area affected. These linkages and the information help regulatory action
decision making and could be applied to the targeted area. Research also can be broadened to
cover other aspects such as land use, social action, and even for the effectiveness of
preventive action such as fogging by the government agencies.

Conclusions

Spatial statistical distribution plays a significant role in understanding the epidemiology of
dengue cases in the study region. Therefore distribution and spatial patterns are derived from
specific processes [9]. The three spatial statistical analyses (spatial mean center, standard
distance, and directional distribution) findings illustrated that the dengue cases from the year
2014 to 2018 are clustered on the northeast to the southwest of the study region. The average
nearest neighbor analysis also shows the clustered pattern for every dengue case during the
study period. Hence, clustered patterns formed would assist responsible organizations to
focus on the area with frequent dengue cases on the identification of hotspots. Together with
the community living in the hotspot areas, authorities may stimulate mitigation actions to
eliminate Aedes breeding sites and eventually improves community resilience. Therefore this
could decrease the magnitude of hotspot on targeted areas.

Adequate rainfall is essential for Aedes breeding as the rainfall element is found to be a
significant positive factor correlated for most study years compared to temperature element.
Therefore continuous monitoring strategy with GIS applications and on the ground
surveillance help to manage and control dengue cases, mainly in Bangi town. This study
contributes to framing batter intervention measures to reduce the outbreak and spread of
dengue. This would help to enhance the quality of public health in the growing urbanization
in Bangi town and state of Selangor in its challenge to become a state free from dengue risks.
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Figure 2

Graph of monthly dengue cases reported in Bangi town from the year 2014 to 2018.
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Figure 3

Spatial mean centers of dengue cases in Bangi town from the year 2014 to 2018.
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Figure 4

Standard deviational ellipses of dengue cases in Bangi from 2014 to 2018.
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Figure 5

Standard distance for dengue cases in Bangi district from the year 2014 to 2018.
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Figure 6

Average nearest neighbor (ANN) analysis for dengue cases reported on year (a) 2014, (b) 2015, (c) 2016,
(d) 2017, and (e) 2018.
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Figure 7

Monthly dengue cases against average temperature from year (a) 2014, (b) 2015, (c) 2016, (d) 2017, and
(e) 2018.
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Figure 8

Monthly dengue cases against rainfall amount from year (a) 2014, (b) 2015, (c) 2016, (d) 2017, and (e)
2018.
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Figure 9

Monthly dengue cases against rain days from year (a) 2014, (b) 2015, (c) 2016, (d) 2017, and (e) 2018.



