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Abstract 

Melioidosis is caused by Burkholderia pseudomallei which can be found in water and soil, as well as in 

animals. This study was carried out to study the spatial distributions of the cases and their sequence types 

(ST) from the isolates. The cases were taken from the Hospital USM admission records from the years 2014 to 

2019. There were 70 cases which from these cases 33 bacterial isolates were included in this study. Multi-

locus Sequence Typing (MLST) was performed to the isolates.  As the results, six novel STs were discovered. 

The cases were found to be clustered and concentrated in the northern part of the state. This study had 
revealed 15 different STs however, the predominant variant, ST371 (n=6) were found to be distributed in a 

dispersed manner. Meanwhile, the novel STs were found distributed sporadically in few districts of the state. 

1. INTRODUCTION

Melioidosis is a highly pathogenic infectious

tropical disease caused by soil-dwelling Gram-

negative bacilli named Burkholderia pseudomallei

and commonly found in rice paddy fields, ponds,

stagnant streams and ground water (Baker et al.,

2011). B. pseudomallei is known to have the ability
to survive wide range of conditions and withstand

the extreme environments. Melioidosis, also known

as Whitmore’s disease, was identified as a

remarkable imitator and maladies mimicker

(Vidyalakshmi et al., 2012). Its ability to resemble

other pyogenic bacterial and Gram-negative

bacterial infection leading to the manifestation of

non-specific signs and symptoms had limited the

diagnosis and management of the disease

(Vidyalakshmi et al., 2012 and Wiersinga et al.,

2018). Melioidosis was highly transmitted through

percutaneous inoculation of skin abrasion and in
contact to contaminated soil and water

(Limmathurotsakul et al., 2016). This infection can

also be spread through the ingestion of any infected

source of the bacteria and/or inhalation of aerosols

during extreme weather events such as typhoon and

cyclones (Chen et al., 2015 and Limmathurotsakul

et al., 2016).

Melioidosis is endemic in Northern Australia and 

Southeast Asia such as Thailand and Malaysia. 

Thailand was reported to be the country with highest 

melioidosis cases compared to others (Prakash et al., 

2014). The expected worldwide incidence of 

melioidosis occurrence is reported as 165,000 cases 
per year with the predicted annual mortality of up to 

54%. However, only less than 1% was eventually 

reported reflecting the burden of underreported and 

underdiagnosed of this neglected tropical disease 

worldwide (Pumpuang et al., 2017). Melioidosis in 

recent years increases in reported sporadic cases in 

countries such as Middle Eastern, Central and South 

American and African countries (Chakravorty and 

Heath, 2019). Mortality rate of melioidosis 

worldwide is approximately to 40% however the 

rate can be up to 90% if remain untreated 

(Wiersinga et al., 2018). Due to lack of awareness 
among people especially the medical practitioners 

had led to late diagnosis and delayed treatment 

therefore high mortality was reported. Annual 

incidence and fatality rate was highest in Northeast 

Thailand while melioidosis was reported as the fifth 

main cause of death in Singapore (Hinjoy et al., 

2018 and Liu et al., 2015).  
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Melioidosis has been reported since 1913 and 

became one of the endemic diseases in Malaysia. 

The incidence of the melioidosis in states of 

Malaysia varies but six states had been recognized 

with higher melioidosis cases including Kedah, 

Kelantan, Pahang, Johor, Sabah and Sarawak 

(Nathan et al., 2018). In Northeast Malaysia, 73.3% 

of patients with melioidosis infection were known to 

be in contact with soil during working and more 
than 2000 patients die per year in Malaysia due to 

the infection (Yazid et al., 2017 and Nathan et al., 

2018). 

Even though melioidosis is endemic in Malaysia, 

there is paucity on the epidemiological data between 

the states including Kelantan. To date, no clear 

distribution of melioidosis infection was reported so 

far in Malaysia. Moreover, studies on the profiling 

of B. pseudomallei strains and their distribution 

among the population is important in the 

surveillance of melioidosis in Malaysia. 

2. Objectives

It was postulated that the environments of the

patients are related to the source of melioidosis

infection and were favorable to certain types of B.

pseudomallei strains. Therefore, the objectives of

this study were to demonstrate the spatial

distribution of melioidosis cases in Kelantan from

the years 2014 to 2019 and to determine the

sequence types of B. pseudomallei isolates in

Kelantan and their spatial distribution. Distribution
of the B. pseudomallei is important for the

development of melioidosis risk map in the state in

which will help in the preventive and management

plan of the disease.

3. Methodology

This study was conducted retrospectively with

confirmed cases in Hospital USM from the years

2014 to 2019 among the patients residing in the

districts of Kelantan. The patients’ demographic

data were accessed and included in this study. The

coordinates for geographical information system
(GIS) were pointed to cases’ residential addresses.

For sequence type (ST) determination, genotyping

using multi-locus sequence typing (MLST) method

targeting seven housekeeping genes were

performed. Only 33 isolates out of 70 samples were

undergone genotyping as the remaining samples

were not feasible for isolates sequencing due to the

inviable bacteria in the samples. Sequences of the

seven housekeeping genes were appended to form

concatenated sequences using BioEdit Sequence

Alignment Editor v7.2.6 software. Allelic profiles
and ST of the isolates were obtained from MLST

database known as Public Database for Molecular 

Diversity and Microbial Genome Diversity 

(PubMLST) for B. pseudomallei. New allelic 

profiles of novel STs were submitted to curator to 

assign for new ST number. Predominant STs of B. 

pseudomallei isolates were determined. Spatial 

analyses of the cases and sequence types were 

performed to determine their spatial distribution. 

The nearest neighbor ratio (NNR) analyses were 
also performed to determine the clustering pattern of 

the cases and sequence types. Meanwhile, the risk 

map of melioidosis in Kelantan were determined 

based on the hot spot area. All spatial analyses were 

done using ArcGIS 10.2 licensed to USM. 

4. Results and Discussion

4.1 Demographic Characteristics

In this study, majority of infected patients were

male compared to female thus revealing that male at

higher risk for melioidosis. This is due to the nature
of job in the field among male which involved

farming and livestock which facilitate the exposure

to environments (Wiersinga et al., 2018 and White,

2003). The highest incidence of melioidosis was

reported in 48-63 years old (middle-aged group)

patients followed by 15-47 years old (young-aged

group). These age groups were highly involved in

the agricultural and outdoor activities. Older group

age was known to have poor immune response

compared to other younger group (Puthucheary,

2009). Comorbidities such as diabetes mellitus and
hypertension were also most likely started to

develop among this age group thus became highly

vulnerable for the infection (Deris et al., 2010).

Three unknown age (4.3%) was reported due to the

unavailable data from the patients’ records. Almost

all of the cases were Malay ethnic since the majority

of the Kelantan population is Malay ethnic (Sathian

and Ngeow, 2014). Demographic characteristics of

the cases is shown in Table 1.

4.2 Distribution of the Cases 

Cases of melioidosis in Kelantan were highly 
reported in the northern part of Kelantan, namely in 

Kota Bharu (37.1%) and Bachok (27.1%) as shown 

in Table 2. Both districts are known to have higher 

density of population with high agricultural 

activities resulting in the high exposure to soil as 

melioidosis is identified to be transmitted mainly 

from environments (Nathan et al., 2018 and 

Corkeron et al., 2010). Spatial analysis of the cases 

showed that melioidosis were clustered with Nearest 

Neighbor Ratio (NNR) 0.852672, z-score -

20374899 and p-value 0.017554 (Figures 1 and 2).  



International Journal of Geoinformatics, Vol. 17, No. 5, October 2021 

ISSN 2673-0014 (Online) / © Geoinformatics International 37 

Special Issue on HealthGIS 2021 

Table 1: Demographic characteristics of melioidosis cases (n=70) 

Variables Frequency (%) 

Gender 

Male 53 (75.7) 

Female 17 (24.3) 

Age group 

0-14 years old (pediatric) 6 (8.6) 

15-47 years old (young) 22 (31.4) 

48-63 years old (middle) 23 (32.9) 

>63 years old (elderly) 16 (22.9) 

Unknown 3 (4.3) 

Ethnicity 

Malay 69 (98.6) 

Indian 1 (1.4) 

Table 2: Distribution of melioidosis cases according to district (n=70) 

District n (%) 

Kota Bharu 26 (37.1) 

Bachok 19 (27.1) 

Pasir Puteh 12 (17.1) 

Pasir Mas 6 (8.6) 

Tumpat 2 (2.9) 

Tanah Merah 1 (1.4) 

Kuala Krai 1(1.4) 

Machang 3 (4.3) 

Figure 1: Distribution of melioidosis cases in Kelantan (n=70) 
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Figure 2: Nearest Neighbor Ratio (NNR) for distribution of melioidosis cases in Kelantan (n=70) 

Figure 3: Hotspot area of melioidosis cases in Kelantan (n=70) 
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It means, cases occurred with 95% probability that 

they were in clustered manner. In an infectious 

disease, the manner of distribution is important in 

applying action of control. Melioidosis cases in 

Kelantan also found to have hotspot which 

concentrated at Kota Bahru district with 90% to 

95% confidence (Figure 3). Therefore, people 

presenting with symptoms of bacterial infection 

from this hotspot area must be taken extra caution 
and need to be tested for melioidosis.  

4.3 Distribution of Sequence Types (ST) 

Multi-locus sequence typing (MLST) was 

conducted from the samples, however only 33 

isolates were able to be obtained from the 70 

reported cases. Analysis of the 33 isolates of B. 

pseudomallei in this study had found 15 STs. Seven 

of them were novel ST namely ST1731 to ST1737. 

Other eight STs which were identified as ST10, 

ST50, ST54, ST84, ST289, ST366, ST371 and 
ST414 were already reported in previous studies 

(Table 3). This finding indicates that the B. 

pseudomallei isolates circulating in the districts of 

Kelantan were genetically diverse and heterogenous. 

The emergence of novel STs in the population 

shows the ability of the bacteria to establish new 

clones by series of mutation processes and remain 

persist in the environment. All the variants were 

closely related and previously isolated from 

Southeast Asia such as Thailand, Singapore and 

Vietnam including Malaysia.  

Figure 4 shows the spatial distribution of the STs 

throughout the state. Bachok, with 9 different STs, 

was identified as the highest district with STs 

variability followed by Kota Bharu and Pasir Puteh 

with both reported with 7 different STs. ST366 was 

found unique in Bachok and not isolated in other 

districts. Novel variants were highly found in 

Bachok with 3 different STs (ST1731, ST1733 and 

ST1735). Spatially, the novel ST found sporadically 
in few districts namely Bachok, Pasir Puteh, Kota 

Bharu and Tanah Merah (Figure 5). The 

predominant variant found in this study was ST371 

(17.1%). This variant was only found and isolated in 

districts of Kota Bharu and Bachok. Interestingly, 

ST371 was found to be unique for Kelantan and was 

not isolated in other geographical area of other 

previous studies in Malaysia (Arushothy et al., 2020 

and Zueter et al., 2018). The predominance of 

genotypes in the area was suggested due to the 

favourable environmental condition and ecological 
factors such as soil types and composition, 

surrounding temperature and pH that contribute to 

the persistence of the strains. The soil properties and 

ecological niche should be one confounding factor 

to be included in future to correlate with the 

sequence types. Sequence types are found dispersed 

in this study, even the predominant ST (ST371) also 

found dispersed with NNR 2.225159, z-score 

5.741152 and p-value <0.001 (Figures 6 and 7). 

Other study done in larger scale may show multiple 

hotspot of STs (Rachlin et al., 2020). 

Table 3: Sequence types and total isolates of B. pseudomallei based on districts and reported countries (n= 33) 

Sequence 

Type (ST) 

Total 

isolate 
District Reported Country 

ST10 2 Pasir Puteh, Kota Bharu Thailand, Malaysia 

ST50 3 Kota Bharu, Bachok Malaysia, Thailand, China, Singapore 

ST54 5 
Pasir Puteh, Kota Bharu, Bachok, 
Tumpat 

Thailand, Malaysia, Singapore, United 
Kingdom 

ST84 3 Pasir Puteh, Kota Bharu Australia, Thailand, Malaysia, Singapore 

ST289 3 Pasir Puteh, Kota Bharu, Bachok Thailand, Malaysia, Singapore 

ST366 2 Bachok Thailand, Malaysia, Vietnam, China 

ST371 6 Kota Bharu, Bachok Thailand, Malaysia 

ST414 2 Pasir Puteh, Bachok Thailand, Malaysia, Singapore, France 

ST1731 1 Bachok Malaysia (in this study) 

ST1732 1 Pasir Puteh Malaysia (in this study) 

ST1733 1 Bachok Malaysia (in this study) 

ST1734 1 Pasir Puteh Malaysia (in this study) 

ST1735 1 Bachok Malaysia (in this study) 

ST1736 1 Tanah Merah Malaysia (in this study) 

ST1737 1 Kota Bharu Malaysia (in this study) 
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Figure 4: Distribution of STs of B. pseudomallei in Kelantan (n=33) 

Figure 5: Distribution of novel STs isolated in Kelantan (n=7) 
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Figure 6: Distribution of predominant isolate ST371 in Kelantan (n=6) 

Figure 7: Nearest Neighbor Ratio (NNR) for distribution of predominant isolate ST371 in Kelantan (n=6) 
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5. Conclusion

Melioidosis cases in the state of Kelantan in general

were clustering in nature and concentrated in the

northern part with Kota Bharu as the hotspot area of

melioidosis. Novel STs were found sporadic in

districts. However, Bachok district has the highest

variability and most novel STs. The novel STs may

cause more severe infection compared to other STs,

therefore cases of melioidosis from this area need to
be given extra caution when being diagnosed.

However, further study to confirm the severity

should be conducted. Variety of B. pseudomallei

strains revealed to be circulating in Kelantan and

dispersed in the district were important to formulate

a management plan of melioidosis in future.

Therefore, better preventive plan can be further

applied for faster diagnosis and better prognosis

especially in case of any outbreak of the disease.
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