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Abstract. Melioidosis is an infectious disease caused by Burkholderia
pseudomallei. 1t is native to Southeast Asia and Northern Australia and not
notifiable to the public and even among clinicians in most countries where
it is endemic. This study aimed to determine the disease's clusters and
examine the geographic distribution of melioidosis cases in Northern
Malaysia. Retrospective data was gathered on 453 cases from Hospital
Sultanah Bahiyah in Kedah and Hospital Tuanku Zahirah in Perlis between
2014 and 2019. 423 of the 453 cases were included in this investigation after
undergoing data purification. The information on smoking status, age,
gender, address, employment exposure status, and history of melioidosis
was collected. The longitude and latitude of the patient's location were
determined using the address that was gathered. Power BI was used to map
out the melioidosis cases for spatial analysis. To identify the cluster of cases
of clinical melioidosis in northern Malaysia, cluster analysis was performed
using SAS Enterprise Miner. The study shows more melioidosis cases
around Kedah and Perlis's focal city and coastal region were detected. Also,
the study highlighted two significant clusters: senior males (above 50) and
non-senior males (below 60). These findings underscore the importance of
targeted public health strategies to effectively prevent and manage
melioidosis in northern Malaysia based on location and cluster.
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1 Introduction

Melioidosis is a contagious disease caused by Burkholderia pseudomallei in polluted soil and
water [1], [2]. The bacteria were discovered in 1912 by Whitmore and Krishnaswami. The
disease can spread from one person to another person, from one animal to another, and
sometimes from one animal to another. The bacteria were discovered in 1912 by Whitmore
and Krishnaswami. The patient will get different symptoms based on infection [3]. It is
endemic in tropical regions worldwide, particularly Thailand, Malaysia, and northern
Australia [4]. Limmathurotsakul et al. (2016) estimated that there are about 165,000 cases
per year worldwide, with 89,000 deaths from this disease.

It poses a significant public health challenge in regions with endemicity. In Malaysia,
the disease is particularly prevalent in the northern state of Kedah and the east coast of
Pahang, where environmental conditions support bacterial persistence in soil [6], [7].
Geographic distribution patterns of melioidosis cases in this region exhibit variability
influenced by local environmental factors and agricultural activities [8]. Although it is well-
known that melioidosis in Southeast Asia is associated with rice farming (Limmathurotsakul
et al., 2016), the relative risk for disease across the significant landscapes occurring in this
region was only presented by Abu Hassan et al., 2018, at Kedah [9].

The attractive approach to understanding the geographical patterns in melioidosis can
help target disease surveillance, create awareness among the public and physicians, and
provide adequate public health responses [10]. Other than that, disease management can be
improved by providing valuable insights and proactive measures to identify the high-risk
areas and demographic groups that are most affected [11]. This study was conducted to
determine the disease's clusters and examine the geographic distribution of melioidosis cases
in northern Malaysia.

2 Subjects and methods

2.1 Data collection and selection of cases

This retrospective study used melioidosis cases at Hospital Sultanah Bahiyah (HSB), Kedah,
and Hospital Tuanku Fauziah (HTF), Perlis, from 2014 to 2019. This study used data from
the northern region of Malaysia, specifically in Kedah and Perlis states. The selection of the
hospitals was based on the main hospital serving as the primary reference hospital for the
state. Perlis has 22 districts and an area of 819, while Kedah has 12 districts with an area of
9425. The data on age, gender, smoking status, occupation, history of melioidosis, and
residential information were analyzed for this study. The latitude and longitude of cases were
obtained from the patient's addresses. Based on potential exposure, occupations were
classified as having low or high occupational risk of developing melioidosis. Those in high-
risk occupations were defined as farmers and those exposed to outside exposure, significantly
contaminated soil, and water. In contrast, those in the low-occupation risk group had minimal
outdoor exposure. Only culture-positive cases were included in this study, resulting in 453
cases from the melioidosis registry for the above study period.

2.2 Data analysis

The data obtained was managed to reduce errors in data analysis, and data cleaning was
conducted to filter out data with outliers and missing values. The total observation for
melioidosis patient data from HSB and HTF was 453. However, this data includes records of
patients outside Kedah and Perlis, some of whom are in Pulau Pinang, Perak, and Pahang.
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Hence, this data was then filtered to have records from Kedah and Perlis only, reducing
observation to 423 records.

Descriptive statistics were represented by the frequency and percentage of melioidosis
cases by gender, smoking status, risk of occupation, history of melioidosis, and district.
Spatial analysis was applied to determine the regions with higher reported cases of
melioidosis. The latitude and longitude coordinates were used to map them to the areas and
states where the melioidosis patients live. Spatial analysis in Power BI combined geographic
data with visualizations to discover patterns and insights. The organized data on longitude
and latitude coordinates were imported into Power BI Desktop, where they were transformed
to ensure the correct formatting of geographic fields. The data were then plotted on the map
to visualize the spread of melioidosis in the region. The cluster analysis was used to compare
the characteristics of melioidosis cases based on the variables in the study. This analysis was
used to determine the similarity of melioidosis cases across several attributes. In this study,
k-means clustering was used to perform the cluster analysis. In k-means clustering, a fixed
number of clusters is assigned first. Next, the cluster centroids are obtained. Then, the
distance between observations and each centroid is calculated using the Euclidean distance
[12]. The aim is to compare the distances to get the closest distance and reassign the point to
the cluster with the nearest centroid. These steps are repeated until there is no change in
assigning the observations. SAS Enterprise Miner, which supports k-means clustering, was
used to analyze the cluster analysis.

2.3 Ethics statement

The project was approved by the Medical Research and Ethics Committee (MREC) of the
Ministry of Health Malaysia (MOH) with the registered number NMRR ID-23-03666-
dmz(IIR). This study does not put anyone at risk. The patient's name was not collected and
was replaced with unique IDs to protect patients' privacy, which was in line with ethical
guidelines. The obtained data were handled carefully and kept confidential.

3 Results

3.1 Demographic characteristics of the cases

The data reveals that melioidosis predominantly affects males (n=334; 79.0%), with a very
small percentage having a known smoking status (8.0% combined for "yes" and "no") and a
significant portion having an unknown smoking status (92.0%). Occupational risk is
unknown for 36.9% of cases, while among those with known risk, 40.9% are in low-risk
occupations, and 22.2% are in high-risk occupations. Additionally, only 3.3% of cases have
a previous history of melioidosis, indicating that most cases are in individuals with no prior
history of the disease.

Table 1. Frequency of melioidosis cases based on the demographic characteristics (n=423)

Variable n(%)
Gender
Male 334(79.0)
Female 89(21.0)
Smoking status
Yes 18(4.3)
No 16(3.7)
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Unknown 389(92.0)
Occupation status
High-risk 94(22.2)
Low risk 173(40.9)
Unknown 156(36.9)
Previous history
of melioidosis
Yes 14(3.3)
No 409(96.7)

3.2 Melioidosis cases based on districts

The table shows that melioidosis cases in Kedah are disproportionately concentrated in
certain districts. Kota Setar stands out with 94 cases, accounting for 45.2% of the 208 cases,
indicating it is a significant hotspot for the disease. Pendang follows with 41 cases (19.6%),
and Pokok Sena has 24 cases (11.5%). Sik and Padang Terap have 17 (8.2%) and 16 cases
(7.8%) respectively. In contrast, districts such as Kubang Pasu and Yan report fewer cases,
with 6 (2.9%) and 4 (1.9%) cases, respectively. Baling, Bandar Baharu, Kuala Muda, Kulim,
and Langkawi have very low numbers of cases, indicating that melioidosis is less prevalent
in these areas. The table reveals that melioidosis cases in Perlis are concentrated primarily in
a few districts. Sena has the highest incidence at 19 cases, or 37.2% of the total 51 cases,
making it a significant hotspot. Arau follows with 11 cases (21.6%), while Kuala Perlis and
Sanglang report 7 (13.7%) and 6 cases (11.7%), respectively. Other districts, such as Chuping
and Abi, have fewer cases, with Chuping reporting 3 cases (5.8%) and Abi 1 case (2.0%).
Notably, several districts, including Utan Aji, Jejawi, Kechor, and others, report no cases,
indicating variability in melioidosis distribution within the state.

Table 2. Distribution of melioidosis cases in Kedah and Perlis based on districts (n=423)

State District Frequency Percentage

Kedah Baling 1 0.5
Bandar Baharu 0 0.0
Kota Setar 94 45.2
Kuala Muda 3 1.4
Kubang Pasu 6 29
Kulim 1 0.5
Langkawi 1 0.5
Padang Terap 16 7.8
Pendang 41 19.6
Pokok Sena 24 11.5
Sik 17 8.2
Yan 4 1.9

Perlis Abi 1 2.0
Arau 11 21.6
Beseri 1 2.0
Chuping 3 5.8
Utan Aji 0 0.0
Jelawi 0 0.0
Kayang 1 2.0
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Kechor 0 0.0
Kuala Perlis 7 13.7
Kurong Anai 0 0.0
Kurong Batang 0 0.0
Ngulang 1 0.0
Oran 0 2.0
Padang Pauh 0 0.0
Padang Siding 0 0.0
Paya 0 0.0
Sanglang 6 11.7
Sena 19 37.2
Serian 0 0.0
Sungai Adam 0 0.0
Titi Tinggi 1 2.0
Wang Bintong 0 0.0
3.3 Spatial analysis of melioidosis
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Fig. 1. Distribution of Melioidosis Cases in Kedah and Perlis

Figure 1 shows the case mapping of melioidosis in Kedah and Perlis. The cases are observed
to be scattered mainly around the west coast. Each blue dot on the map represents a recorded
case of melioidosis, providing a visual representation of the prevalence and spread of the
disease across different regions. This points to areas where the disease occurs more
frequently. The cases are unevenly spread across the region. For example, there is a
significant concentration of cases in the urban and rural areas, particularly around Kedah and
Perlis. There are fewer cases in the region's eastern part, potentially due to a lower population
density, reduced reporting, or other epidemiological factors. The map's result indicates the
need for more epidemiological research to comprehend the factors influencing the geographic
spread of melioidosis cases. This research could examine the impact of environmental
conditions, human activities, and access to healthcare on the observed patterns.
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Fig. 2. Heat Map of Melioidosis Cases in Northern Malaysia

The figure presents a heat map illustrating the intensity and distribution of melioidosis cases
in Northern Malaysia. The heat map uses color gradients to indicate the concentration of
cases, with warmer colors, red and orange, representing higher densities of reported cases
and cooler colors indicating lower densities. These high-incidence zones are mainly found in
the western regions, especially around Perlis and Kedah. These regions with a high number
of cases may align with areas of greater population density, more widespread agricultural
practices, or environmental conditions favoring the bacteria responsible for melioidosis.

3.4 Cluster analysis

3.4.1 Segmentation

Cubic Clustering Criterion

CCC Plot for Segmentation of Melioidosis Cases

Number of Clusters

Fig. 3. CCC Plot for Segmentation of Melioidosis Cases
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Fig. 4. Segment Plot for Melioidosis cases
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Fig. 5. Segment Size for Each Segment

Figure 3 displays the CCC plot, where values decrease until four clusters and increase
afterward. To avoid over-segmentation and ensure practical grouping, eight clusters were
selected. Figure 4 presents the segment plot, showing case distribution across clusters and
variables. Figure 5 shows that Cluster 3 (37.83%), Cluster 6 (31.44%), and Cluster 7
(19.39%) contain the highest frequencies and are thus prioritized for analysis.

3.4.2 Segment profile

The cluster analysis identified eight distinct segments of melioidosis cases, with Clusters 3,
6, and 7 representing the most significant proportions. Cluster 3 consists of senior male
patients aged 50 and above with unknown smoking status and varied occupational risks,
while Cluster 6 comprises younger males under 60 sharing similar smoking and occupational
profiles. Cluster 7 includes female patients across all age groups and occupational risk
categories. Clusters 4 and 5 were categorized as smokers, whereas Cluster 2 represented
nonsmokers. Cluster 8 grouped patients with a prior history of melioidosis, suggesting
possible reinfection or recurrence risk. Cluster 1, with only two cases and no specific profile,
was excluded from further analysis. This segmentation provides a clearer understanding of
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demographic and behavioral patterns associated with melioidosis, supporting more targeted
public health interventions.

In conclusion, only two significant clusters were selected: Cluster 3 and 6. After all clusters
have been identified, the following process is to name each cluster. The summary for all
clusters is shown in the table below:

The cluster analysis identified eight segments with distinct profiles.

e Cluster 3: Senior male patients aged 50 and above with unknown smoking status
and involvement in all occupational risk categories.

e  Cluster 6: Non-senior male patients under 60 years old, also with unknown smoking
status and various occupational risks.

e  Cluster 7: Female patients across all age groups and occupational risk levels.

e  Clusters 4 and 5: Patients identified as smokers, whereas Cluster 2 included only
nonsmokers.

e Cluster 8: Patients with a prior history of melioidosis, indicating potential
reinfection or recurrence.

e  Cluster 1: Contained only two cases with no specific profile and was excluded from
further interpretation.

This segmentation enhances understanding key demographic and behavioral factors in
melioidosis distribution and supports more targeted public health strategies. The cluster
names were determined based on dominant characteristics, as summarized in Table 3 below.

Table 3. Summary of cluster for melioidosis cases

Cluster Frequency of cases Profile Cluster name
Cluster 1 2 None None
Cluster 2 8 Smoking status: No Nonsmoker
Cluster 3 160 Age: 50 or above Senior male
Gender: Male
Smoking status: unknown
Risk of occupation: all
Cluster 4 18 Smoking status: Yes Smoker
Cluster 5 8 Smoking status: No Nonsmoker
Cluster 6 133 Age: 60 or below Non-senior male
Gender: male
Risk of occupation: all
Smoking status: unknown
Cluster 7 82 Gender: Female Female
Age: all range
Risk of occupation: all
Cluster 8 12 Previous history of Patient with a history of
melioidosis: Yes melioidosis
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4 Discussion

Even though Malaysia is progressively recognized as a significant endemic focus for
melioidosis, and previous investigations have emphasized the basic epidemiological features
of the disease among cases. This study was conducted specifically to illuminate the regions
with higher instances of melioidosis and to discover patterns and insights. To indicate a more
effective evaluation of the impacts of factors affecting melioidosis, the researcher can use
spatial analysis and cluster analysis to compare various geographical, environmental, and soil
characteristics with the corresponding presence of B. pseudomallei.

This study population was representative of the gender in Northern Malaysia, which is
in Kedah and Perlis, with 79% of the study variables being male and 21% female. Our study
shows similar findings to those reported in other Southeast Asian countries where people of
the economically productive gender, male, are the most vulnerable group, possibly due to
increased exposure to the vector during their commute to work. It shows that most of our
study's case patients were males, proving a strong tendency for infections to occur in males
in this region [6]. The other study reported that males in the present community in Pahang
engage more in activities related to more significant contact with soil, which supports the
previous conclusion that the elevated disease prevalence observed for males is due to high
occupational exposure, such as farmers, forestry, and fishing, leading to the disease [13].

Understanding melioidosis's evolution and this contagious disease's transmission
patterns is essential for reducing infection risk. Spatial analysis has emerged as a crucial
component in effectively managing melioidosis cases. Consequently, research on disease
mapping and geographical analysis related to melioidosis should rapidly expand. The result
on the map in Figure | indicates the need for more epidemiological research to comprehend
the factors influencing the geographic spread of melioidosis cases. These high-incidence
zones are mainly found in the western regions, especially around Perlis and Kedah. These
regions with a high number of cases may align with areas of greater population density, more
widespread agricultural practices, or environmental conditions such as changes in
agricultural land use that favor the bacteria responsible for melioidosis [14]. Thus, these
changes contribute to gradual alterations of the previously urban nature of melioidosis.
Supported by a previous study by Abu Hassan et al. (2018), living in an area with agriculture
with large-scale irrigation had a 21.04 prevalence rate per 100,000 for acquiring melioidosis.
Spatial analyses were carried out on cases and sequence types to assess their geographic
distribution of melioidosis in Kelantan, which showed a relation between the melioidosis
distribution and the environmental condition and ecological factors such as soil types and
composition, surrounding temperature, and pH [15].

In addition, this study reveals an association between geographic trends and cluster
profiles that are crucial for targeted disease prevention. A key issue in disease mapping is the
phenomenon of clustering. As Yang et al. (2024) mentioned in their study, cluster analysis
serves as a valuable tool to identify patient similarities by grouping them into meaningful
clusters. The results may help physicians understand patients' needs and provide personalized
treatments [16]. Thus, the study found three clusters that were selected as significant: senior
male, non-senior male, and female clusters. The cluster is slightly the same as the previous
survey by Hin et al., 2022, in which the majority were male, 78.2%. Therefore, people
presenting with symptoms of bacterial infection from this hotspot area must be taken extra
caution and tested for melioidosis.

This paper has explored the potential of GIS technology to analyze the spatial factors
affecting the melioidosis epidemic. Therefore, GIS applications and spatial data are often
treated as data without spatial dimension. This study covers only 34 districts; the Moran
scatterplot reveals no apparent outliers. Including spatial patterns in epidemiological studies
is essential for understanding spatial and diffusion processes and is made possible using a
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GIS. GIS may play a crucial role in the use and analysis of public health data. A
multidisciplinary approach can explore the possibilities offered by spatial and temporal
analytical techniques.

While efforts were made to ensure data accuracy through cleaning and filtering
processes, certain limitations should be acknowledged. The initial dataset of 453 melioidosis
cases included patients from multiple states; however, to maintain geographical consistency,
only cases from Kedah and Perlis were retained, reducing the dataset to 423 cases. This
geographic filtering, while necessary, may introduce selection bias by excluding potentially
relevant regional variations. Data with outliers and missing values were also removed to
prevent skewed analysis. Although this step enhances data reliability, it may lead to the
underrepresentation of specific patient characteristics, especially if missingness was not
random. These limitations should be considered when interpreting the segmentation
outcomes and generalizing findings to broader populations.

This study extends the work of Mardhiah et al. (2022), which analyzed the risk factors
of melioidosis using logistic regression [18], by further segmenting patient profiles through
cluster analysis. Building on these findings, future research should incorporate environmental
datasets such as climate variables (e.g., rainfall, temperature, humidity) and land-use data
(e.g., agriculture, water bodies, urbanization). These external factors play a critical role in the
spatial distribution of Burkholderia pseudomallei, the causative agent of melioidosis.
Integrating clinical, demographic, and environmental data will enable more comprehensive
risk assessments, enhance predictive modeling, and inform more precise public health
interventions in endemic regions.

5 Conclusion

Spatial statistics play a significant role in understanding the epidemiology of melioidosis.
This approach illustrated the clustering of this infection along a trajectory stretching from the
Northeast region of Malaysia in the 2014-2019 period. Hence, the formation of clustered
patterns can assist responsible organizations in focusing on identified hotspots as they signify
the presence of frequent melioidosis cases. With the community living in the hotspot areas,
authorities may stimulate mitigation actions to eliminate breeding sites of B. pseudomallei,
eventually improving community resilience and decreasing the magnitude of hotspots in
targeted areas.

Public health personnel should play a key role in actively raising awareness of
melioidosis among residents in endemic areas, especially farmers. Efforts, including
providing health talks regarding the mode of transmission, nature, and source of the disease,
as well as preventive measures such as wearing gloves while dealing with soil and working
in plantations, should be carried out.
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