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Abstract— Dengue is a mosquito-borne infection that has eeak

to an alarming rate in recent decades. It can bedan tropical and
sub-tropical climate. In Malaysia, dengue has liEstared as one of
the national health threat to the public. This gtatned to map the
spatial distributions of dengue cases in the distf Hulu Langat,
Selangor via a combination of Geographic Infornmat&ystem (GIS)
and spatial statistic tools. Data related to dengae gathered from
the various government health agencies. The latatialengue cases
was geocoded using a handheld GPS Juno SB Tridhitgal of 197
dengue cases occurring in 2003 were used in thdysiThose data
then was aggregated into sub-district level and tbenverted into
GIS format. The study also used population or deaplgc data as
well as the boundary of Hulu Langat. To assess spatial
distribution of dengue cases three spatial stesistiethod Nloran's

I, average nearest neighborhood (ANN) and kernelsitien
estimation) were applied together with spatial gsial in the GIS
environment. Those three indices were used toyaeghe spatial
distribution and average distance of dengue incdeand to locate
the hot spot of dengue cases. The results indidhtEdthe dengue
cases was clustered (p < 0.01) when analyze Worgn’s | with z
scores 5.03. The results from ANN analysis shothatithe average
nearest neighbor ratio is less than 1 which is&755 (p < 0.0001).
From this result, we can expect the dengue casisripan Hulu
Langat district is exhibiting a cluster pattern.eThscore for dengue
incidence within the district is -13.0525 (p < 00Q9. It was also
found that the significant spatial autocorrelaté$rdengue incidences
occurs at an average distance of 380.81 meters)(pG01). Several
locations especially residential area also had beentified as the
hot spots of dengue cases in the district.
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|. INTRODUCTION
ENGUE is a mosquito-borne infection that has became
major international public health concern and

significance in recent decades. Dengue is fouritbsical and
sub-tropical climates regions around the world, tigoand
predominantly in urban and semi-urban areas. Ctiyren
dengue haemorrhagic fever (DHF), sometimes a pathnt
lethal complication, affects most Asian countrigsd ahas
become a leading cause of serious illness, hoigit@in and
death among children in the region. There is nocifipe
treatment for dengue, however, with frequent angt@priate
medical care; the lives of patients with the moegias
dengue haemorrhagic fever (DHF) could be saved. drttg
way to prevent the transmission of dengue viru® isombat
the carrier [1].

The incidence of dengue has grown dramatically radhe

world in recent decades. Dengue, places 2.5 bifieaple in
more than 100 countries at risk which two fifthstteé world's
population, causing an estimated 50 to 100 millkases of
dengue infections worldwide annually and thousaifdieaths
[1], [2]. Dengue virus is transmitted primarily blye yellow
fever mosquitoAedes aegyptspecies which can be found
predominantly in urban centers and in certain raraas of
Malaysia [3]. Dengue can be generally categorized two
types; the Dengue Fever (DF) or classic dengue taed
Dengue Haemorrhagic Fever (DHF), which may evohie i
Dengue Shock Syndrome (DSS) [4], [5].
The mapping of disease can be used to pinpoinaitbas
where outbreaks originate and effectively targeghfrisk
areas for early prevention control Geographic imfation
systems (GIS) and related technologies have emagachew
generation of information systems with the capspbilio
manage spatial dimensions together with time, peapid
other dimensions of interest, which is not possibith the
former information systems. GIS are currently retpgd as a
set of strategic and analytic tools for public tieako the
design and implementation of an information systém
dengue control with GIS capacity should be consideA
GIS based approach is proposed in this paper trrdete the
relationship between dengue cases and their spatiirn.

Epidemiologists normally used the ratio of case bers at
a particular time to past case occurrences usiagiban or
median [6]. However, since dengue cases varies foom
place to another, the spatial and time component ailso be
taken into consideration. Spatial — temporal intBoas
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among health events is an important component
epidemiological and public health study [6]. Wheealihg
with problems of space, the step beyond simpleogesphy
and mapping is spatial analysis, which in geogregihi
research is the tool used to compare the spassilgition of
a set of features to a hypothetically-based randgratial
distribution [7]. These spatial distributions, atferns, are of
interest to many areas of geographic research bechay can
help identify and quantify patterns of featuresjace so that
the underlying cause of the distribution can befeined [8] .
In health researches, spatial analysis is usedetect and
guantify the patterns of disease distribution tinaty offer an
insight into a disease’s epidemiology [9].

Although spatial analytical techniques rarely greasons
why spatial patterns occur, they do identify where loe t

in

C.Sources of Dengue Case Data

Dengue data was obtained from Hulu Langat DisHiealth
Office, Selangor for year 2003. All of the data wssted
according to each sub-district and years. This $&@ondary
data review of all dengue cases notified to Hulundat
District Health Office, Selangor for year 2003. Affle cases
were documented in VEKPRO (Vector program) database
From that, it was extracted to Microsoft Excel peog. Figure
2 shows the number of dengue cases for each strizidia
Hulu Langat. Attributes such as gender, age, moceypation,
address, date of admitted and date of dischargee bf
dengue, locality of incidence took place and nundfereek.
During the data smoothing process,
uncompleted data to avoid any biasness. In sita clatection

location of thespatial patterns occur. Within the realms ofwas also carried out using handheld GPS Juno SBbleito

health research, this provides a useful means pothgsize
about the health outcomes or to identify spatialiés that
need to be further investigated [10]. Thus, in thiady a
spatial analysis was applied in order to map thatiap
distribution of dengue cases in Hulu Langat throsghtial
statistics method.

Il. METHODOLOGY
A.Study Area
Hulu Langat is one of the nine districts in Selanguat
consists six otheMukim or sub-district which arémpang,
Hulu Langat, Cheras, Kajang, Semenyih, Hulu Senhesyd

locate the spatial location (coordinate) of the gien
incidence. In order to synchronize all of the difjidata
coordinate system, we decided to use World Geo@stitem
(WGS 84) which serve the x, y of an object by londé and
latitude respectively. The coordinate or point loé tdengue
incidence was essential in this study as it willee the
spatial correlation of dengue between each subiatisAfter
collecting the coordinate in the field, the datattivere stored
in the memory card from the GPS was downloaded ito
computer using GPS Pathfinder software version 4@.
optimize the data collection reliability, we dedide move
the entire coordinate to the center of the housgeague area

Beranang Hulu Langat is located at the upper part of Langaather than using the actual GPS position. At@oothening

River Basin and it is the fifth biggest district8é32 km?) in
Selangor with total population of 915, 667 peopie2005.

This study usedMukim’ or sub-district, the smallest local

governing unit in Malaysia, as the spatial zonirgurdary.
All of the sub-district were under jurisdiction dflajlis
Perbandaran KajandMPKj) except forAmpangwhich under
jurisdiction of Majlis Perbandaran Ampang Jay@MPAJ).
Thus, in this study we exclude tAenpangarea.

Fig. 1: Map of Hulu Langat District

B.Data Collection
In order to achieve the objective of this studywesal data
are required to be incorporated in GIS environnmrith as

the coordinate, it was transferred into the GlSvsarfe.

D.Implementation of GIS and Spatial Analysis

In this study, the spatial distribution of dengmeidence
within Hulu Langat district was examined using sat
statistic method. First, a global spatial autodatien method
which is Moran’s | used to test whether the dengue cases
within Hulu Langat District is spatially correlateor not.
Moran’s | measures spatial autocorrelation and it is usually
applied to area unites where numerical ratio oeridl data
are available [6]. It is determined by calculatiagnean for
observation and then comparing the value of eacident
with the value at all other locations [11].

It can be defined as:

I = ny Z?Wij(xi—f)(xj—f)
B W E(x;-%)°

)

WhereN is the number of cases,is the mean of the variable,
x; is the variable value at a particular locationy; is the
variable value at another locatigh and W;; is a weight
indexing location ofi relative toj. The value of Moran’s |
range from -1 for strong negative spatial autodati@n to +1
for strong positive spatial autocorrelation. A alaear 0
would indicate a spatially random pattern.

dengue case data and demographic data. These data w

gathered from various sources.

30

we excluded the
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Fig. 2: Number of reported dengue cases for eastd@irict in Hulu Langat district for year 2003

Distance analysis calculates statistics that asedbaot only
in the location of points, but on the distance kestw points.
Average nearest neighborhood (ANN) will be usedrialyze
whether the incidence is clustered or not. The Al
measures the distance between each feature cemindidts
nearest neighbor's centroid location. It then ayesaall these
nearest neighbor distances. If the average distianess than
the average for a hypothetical random distributiadhe
distribution of the features being analyzed is aered
clustered. If the average distance is greater ghiaypothetical
random distribution, the features are considersgeadsed. The
average nearest neighbor ratio is calculated asliserved
average distance divided by the expected averagf@andie
(with expected average distance being based ompatinstical

And D; is the expected mean distance for the featuremngiv
random pattern:

0.5
Dg = T (4)
In the previous equationg]; equals the distance between
featurei and its nearest featura, corresponds to the total
number of features amtlis the total study area.
Thez,yy- score for the statistic is calculated as:

(5)

Where:

random distribution with the same number of feaure

covering the same total area).
The average Nearest Neighbour is given as:

@)

_ 0.26136

- Jn?/A

(6)

Lastly, a hot spot analysis using Kernel densitynegtion
interpolation technique was done. Kernel estimatisna
technique, used to generalize incident locationthéo entire
study area. According to [12], kernel density estion is an

WhereD, is the observed mean distance between each featufgsctive tool to identify high-risk areas withiroipt patterns

and their nearest neighbour:

Z?=1 di
n

D, = 3

31

of disease incidence by producing a smooth, coatisu
surface that defines the level of risk for thataar&ernel
density estimation is an interpolation that is ayppiate for
individual point locations [11]. It calculates thdensity of
point features around each output raster cell. Aling to
[11] the kernel estimate is a better ‘hotspot’ iifggr than the
cluster analysis. Kernel density estimation is efulsmethod
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as it helps to precisely identify the location, tigdeextent and
intensity of dengue disease hotspots.

[ll. RESULTSAND DISCUSSION
A. Spatial Distribution

To assess the spatial distribution of dengue cagb the
district of Hulu Langat, we used an
autocorrelation which isMoran’s I. This index measures
spatial autocorrelation based on both feature locatind
feature values simultaneously. Moran’'s | is an rieféial
statistic, which indicate that the result of thealgaes must
always interpreted within the context of the studyll
hypothesis. The null hypothesis fdoran’'s | stated that
values of the analyzed attribute are randomly ithisted
among features in the dataset. In other words, sihetial
process promoting the observed pattern of valugangdom
chance. Result frofMoran’s | test on dengue incidence for
Hulu Langat indicated that there was positive spati
autocorrelation exist among dengue incidence witttie
district. The Moran'’s | for dengue cases is 0.780(p1) while
the z-score is 5.03 (p<0.01). From the result, are @onclude
that the null hypothesis is rejected because thatiadp
distribution of dengue cases in the district is engpatially
clustered than would be expected if underlyingispatocess
were random. Figure 3 shows the resulMufran’s | analysis
using GIS software.

B. Distance Analysis

In this study we applied (ANN) to analyze the demgu
spatial distribution in Hulu Langat district. UsidgcGIS 9.3,
this analysis gives three values: Nearest Neighlatio, z-
value and p-value as shown in Figure 4. It is foantthat the
dengue cases within the district are spatiallytelesl. Results
from ANN analysis showed that the average neargigthbor
ratio is less than 1 which is 0.518755 (p < 0.006tdm this
result, we can expect the dengue cases patternlin llingat
district is exhibiting a cluster pattern. The z+scfor dengue
incidence within the district is -13.0525 (p < Q0Q9. The z-
score is a test of statistical significance thdpsigiou decide
whether or not to reject the null hypothesis. lis study, the
null hypothesis is that there is no spatial patermong dengue
cases within Hulu Langat. With small z-score, thetit be
small probability which is less than 1% likelihodigiat this
clustered pattern could be a result of random afasc, we
can reject the null hypothesis. By using ANN alae can
determine that the significant spatial autocorretabf dengue
incidences occurs at an average distance of 380ekdrs.

C. Hot Spot

Kernel density estimation was applied in this sttaiocate
‘hot spot’ for dengue cases in the district of Hukngat. The
dark color area in Figure 5 is the hotspot idesdifiwith
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maximum dengue incidence density. Hence, with tklp bf
dengue density map we are able to target specifia within
plot showing highest incidence.

obal Moran's I}
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Fig. 3: Result ofslobal Moran’s Ifor dengue cases within Hulu
Langat district
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Fig. 4: Average Nearest Neighbour statistic result

Overall picture of dengue density variation withiire plots
can be known with the help of kernel density mamntthe
result, we can identify the area the most affedigdlengue
disease. Generally, most of the hot spot locatwere located
in Kajang sub-district. All of the detected hot spotKmajang
were situated at residential area suchSgs Jelok Taman
Impian Ehsan Sg.Chua Taman Kajang Utamaand Taman

Kajang Baru However, it was also found out that there was

one location of high dengue density cases locatdtié sub-
district of Cherasas shown in Fig. 5.
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Fig. 5: Hot Spot locations of dengue cases in Hulu Langat. C indicate
the areain Cheras sub-district while K indicate the areain Kajang
sub-district

1V. CONCLUSION

This study analyzed the spatial distribution of dengue in
Hulu Langat district in Selangor, Malaysia during the year
2003. The study was done by coupling the data manipulation
and geographic presentation capability of GIS and spatia
statistic to map the spatia distribution of dengue cases. It was
found out that the dengue cases in the district were spatially
autocorrelated through Moran’'s | indices. The dengue cases
were clustered rather than distributed in random chances. This
was supported by the ANN analysis that also stated the dengue
cases within the district were highly clustered and it was found
out that the significant spatial autocorrelation of dengue
incidences occurs a an average distance of 380.81 meters.
Using kernel density estimation in this study was a useful tool
to locate the ‘hot spot’ or traditional use of incidence data
cannot distinguish the spatial differences in risk areas from
those of their neighboring areas, which crucial to the effective
control of vector-borne infectious diseases [10]. From this
study it was proven that using by GIS and spatial statistic
tools, we can determine the spatial autocorrelation between
dengue cases and popul ation. Spatial mapping of dengue cases
distribution also may assist health agencies, epidemiologist,
public health officer, town planner and responsible authorities
to combat dengue fever. Although GIS cannot cure the disease
but it provided useful information as well as the ability to
determined spatia relationship among dengue cases location
through spatia anaysis. However, this is only part of the
approach to answering geographic questions in health
research, as it takes spatial analysis in addition to a strong
understanding of biological processes before underlying clues
about health problems can be inferred [13].
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