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Purpose: This study was conducted to determine the direct medical cost of treating 
melioidosis patients. The calculation was made according to the variables extracted from 
medical records.
Materials and Methods: Data collection was performed retrospectively on a total of 293 
cases from Hospital Sultanah Bahiyah, Kedah, Malaysia. The data consisted of personal 
information, treatment history, and investigation findings, including blood results, USG 
abdomen results, and CT scan results. The site of culture and sensitivity were also obtained. 
The total direct medical cost was based on the antibiotics/treatments received by the patients, 
diagnostic test and investigations performed. The trend analysis used to see the pattern of 
costs from 2014 to 2017. All the costs were compared based on patients’ status and duration 
of stay at the hospital using the independent t-test.
Results: The overall mean of direct medical cost for melioidosis amounted to US $233.61 
(RM931.33). Overall, the finding confirms a huge reduction (44.7%) of direct medical cost 
from 2014 to 2017 (P = 0.001). From 2015 to 2016, there was a 19.1% reduction of direct 
medical cost (P>0.95), followed by a 38.8% reduction in costs from 2016 to 2017 (P = 
0.019). In the case of the duration of stay, the mean of total direct medical cost among 
patients with ≥14 duration of stay was higher compared to those with <14 duration of stay 
(p < 0.001). There was no significant mean difference of direct medical cost between patients 
who were cured and died.
Conclusion: Despite the higher mortality of melioidosis cases compared to other infectious 
diseases, there is a limitation in the amount of published data on the management cost of 
melioidosis. The importance of cost in managing this disease should be underlined to 
perform a fully prepared management toward the disease.
Keywords: melioidosis, direct medical cost, trend analysis

Introduction
Melioidosis affects the population in the tropical areas, mainly the countries posi
tioned at the 20°N and 20°S latitudes, Southeast Asia, Southern China, Hong Kong, 
Taiwan, Northern Australia, and Papua New Guinea, and India.1 This disease is 
caused by a type of bacteria known as Burkholderia pseudomallei. Despite the 
increase in the number of infected individuals, the disease remained an under- 
recognised health problem.2 The incidence of melioidosis is also increasing in the 
Southeast Asian countries, especially Malaysia, Thailand, Vietnam, and Singapore,3 

with approximately 40% cases reported in the endemic area.4 However, it was also 
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reported that the number of cases and deaths of melioido
sis was higher during the wet season in Malaysia.5 It was 
also endemic in areas with contaminated soil and water 
due to the presence of B. pseudomallei in these areas.4 

Moreover, melioidosis is common in Northern Australia, 
Africa, India, and China.1 Based on the published case 
report in Malaysia from 1975 to 2015, it was reported that 
from 29 cases were died, which contributed to an increase 
in mortality rate to 43%.6 In the 1980s in Malaysia, this 
disease, particularly the septicaemic form of it, was asso
ciated with a high mortality rate (65%) in the hospital. 
However, this rate was reduced to 19–37% due to the new 
treatment being implemented.6

The mortality rate of melioidosis in endemic countries 
remains high, which results in increased economic burden 
and productivity loss.7 As a solution, thorough treatment 
and management in the acute stage of this disease are 
essential, including a continuous eradication treatment.8 

Hospital costs and economic burden have become critical 
issues.9 Based on the previous retrospective studies, 28 of 
melioidosis patients (32.9%) required an intensive care 
unit (ICU) admission at a teaching hospital in Kuala 
Lumpur from 1988 to 2010,10 while 27 patients (20.3%) 
had to be admitted to the ICU at Singapore General 
Hospital from 1996 to 2002.11 Consequently, admission 
to ICU increased the overall cost of treatment.8 

Furthermore, a limited number of studies in Malaysia on 
melioidosis were published, and no published journal has 
reported on the cost of treating the melioidosis or the 
economic burden of melioidosis. Notably, medical cost is 
also related to the duration of stay at the hospital,12 which 
is an essential parameter for measuring the source utilised 
to predict future costs.12 Accordingly, this study aims to 
describe the direct medical cost of melioidosis treatment 
per patient according to the year 2014 to 2017 and com
pare the costs with mortality and duration of stay using the 
data collected at Hospital Sultanah Bahiyah, Kedah, 
Malaysia.

Materials and Methods
Ethics Approval
An ethics approval for this research was obtained from 
Universiti Zainal Abidin Human Research Ethics 
Committee (UHREC) (UniSZA/UHREC/2019/119; dated 
October 21, 2019) and Medical Research and Ethics 
Committee (MREC), Ministry of Health Malaysia (MOH) 
(NMRR-19-3090-46158 (IIR); dated: November 29, 2019). 

For the ethics approval, the consent form was not mandatory 
for the secondary data. The data was collected based on 
reviewing the Melioidosis Registry; the researcher did not 
have to access the patients’ personal information. All proce
dures performed in this study were in accordance with the 
ethical standards of the institution and Malaysian research 
committee and with the 1964 Helsinki declaration.

Data Collection
A retrospective cohort research was performed on 293 
inpatients in Hospital Sultanah Bahiyah, Kedah, 
Malaysia, from 2014 to 2017. Direct medical cost per 
patient was estimated from Melioidosis Registry from 
2014 to 2017 and presented as rounded to US Dolar. All 
the calculated costs were based on the routine procedure 
applied for the melioidosis patient once admitted and 
diagnosed with melioidosis. Any costs resulting from the 
illness but were not directly involved with purchasing the 
medical services were considered as direct non-medical 
costs. The direct non-medical cost includes travel costs, 
meals, and accommodation were not calculated in the 
study. This research identified the trend of direct medical 
cost from 2014 until 2017. The direct medical cost of 
managing melioidosis for the patients who were survived 
or died based on length of stay was also compared. The 
patients selected in this study were 15 years old and older, 
and all types of bacteremia or non-bacteremia melioidosis 
were considered in the data collection. However, patients 
with HIV and died upon admission at the hospital were 
excluded. The medications received other than to treat 
melioidosis were not included in the study.

The patients were specified into two categories, 
namely; 1) patients who survived from the disease and 
were discharged from the hospital and 2) patients who 
died from the illness, and the date of death was verified 
by the medical doctors. The duration of stay was deter
mined through the subtraction of the admission date and 
the date of patients’ release from the hospital. This dura
tion was specified into two, namely; 1) shorter than 14 
days and 2) equal to 14 days and longer. The use of these 
categories was based on basic practice.12 Following that, 
the total direct medical cost was generally calculated by 
the antibiotic/treatment received, investigation, and diag
nostic test applied to the patient during the admission to 
the hospital. The antibiotics prescription was recorded to 
identify the overall cost of the treatment received using the 
latest costing applied for inpatients in the selected hospital. 
The latest costing for this hospital represents all the 
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government hospitals in Malaysia. The investigation cost 
consisted of the laboratory test (including FBC, UFEME, 
renal and liver functions, and blood sugar), CT scan, USG 
abdomen, and X-ray. For the purpose of the registry and 
research, it is required that an abdominal CT scan be done 
for every melioidosis patient in Malaysia to diagnose pro
static abscess.13 The diagnostic cost comprised the site of 
culture and sensitivity performed towards the drug. 
Specifically, the diagnosis was determined by culture- 
positive samples, divided into several sites, including 
blood, tissue, urine, pus/wound, sputum, stool, and bone. 
The patients were categorized into bacteremic and non- 
bacteremic based on the site of culture-positive performed. 
Bacteremic melioidosis was defined as patients with blood 
culture positive for B. pseudomallei. In contrast, non- 
bacteremic melioidosis was patients with a positive 
B. pseudomallei when organism was isolated from other 
than blood culture. All costs in 2014–2017 were adjusted 
for inflation by using the Consumer Price Index (CPI) for 
healthcare in Malaysia. All costs were standardized to year 
2017 Malaysian Ringgit (RM) and the equivalent costs in 
2017 US dollars were obtained using a conversion rate of 
US $1 = RM4.1649.

Statistical Analysis
For data organisation and analysis, IBM SPSS Statistics 
(26.0) was used, while the categorical variables were 
described by the frequency (percentage) and numerical 
variables through the mean and standard deviation. 
Normality and equal variance assumptions were tested, 
which were followed by an independent t-test used to 
identify the mean difference of cost between the patients’ 
status, duration of stay, and type of melioidosis. The 
logarithm transformation was applied to the skewed data 
and back transformation using delta method applied to 
interpret the final results.14 The Pearson chi-square was 
used to compare the proportion of survival status between 
the years. In the case of the trend analysis, the data were 
expressed as numerical variables according to the year. 
A sequence chart analysis was conducted to see the pattern 
of the direct medical cost from 2014 to 2017 based on the 
month. This was followed by the use of trend analysis to 
identify the reduction or increment of the direct medical 
cost from 2014 to 2017. The mean difference of direct 
medical cost based on year was determined by using 
repeated measure ANOVA. The power of the study was 
set as 80%, and the level of significance was set at 0.05. 
The Cohen’s effect size calculated for the direct medical 

cost was 0.2 and 0.5 for the patient’s status and duration of 
stay, respectively.

Results
Descriptive Analysis
A total of 293 melioidosis patients who fulfilled the inclu
sion and exclusion criteria were selected in the study. As 
shown in Table 1, 233 of the selected patients (79.5%) 
were male, while 247 of the patients were Malay (84.3%), 
which was the majority. While the mean (SD) age of the 
patients was 50.25 (16.2) years old, the range of age for 
the majority of the patients was from 15 to 64 years old. 
However, a total of 146 patients (49.8%) died from melioi
dosis. Most of the patients (87.4%) were diagnosed with 
blood culture, while the other 27 patients (9.2%) and 22 
patients (7.5%) where the culture was done at pus/wound 
and tissue site, respectively. A laboratory test was required 
for all patients; 38.6%, 47.1%, and 23.2% of patients 
underwent the ultrasound, X-ray, and CT scan, respec
tively. The survival status between years statistically has 
no difference (Table 2).

The Trend of Direct Medical Cost from 
2014 to 2017
The trend of average direct medical cost for each month 
from 2014 to 2017 is shown in Figure 1, with the highest 
costs reported in October 2014, January 2015, and 
March 2016. Meanwhile, the trend of direct medical cost 
based on year is illustrated in Figure 2. The trend analysis 

Table 1 Characteristics of the Patients with Melioidosis from 
2010 to 2017 at Hospital Sultanah Bahiyah, Kedah (n = 293)

Demographic n (%)

Gender
Male 233 (79.5)

Female 60 (20.5)

Race

Malay 247 (84.3)

Chinese 12 (4.1)
Indian 27 (9.2)

Others 7 (2.4)

Mean age in years (SD) 50.25 (16.2)

Age group (years)

15–64 241 (82.3)

≥ 65 52 (17.7)

Fatal outcome 146 (49.8)
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(Figure 2) revealed a 44.7% reduction of direct medical 
cost from 2014 to 2017 (P = 0.001). From 2015 to 2016, 
there was a 19.1% reduction of direct medical cost 
(P>0.95), followed by a 38.8% reduction of costs from 
2016 to 2017 (P = 0.019). There was an increment of 
direct medical cost from 2014 to 2015, with 11.8% 
(P>0.95).

The Comparison of Direct Medical Cost 
Between Groups
Although the decline of costs took place from 2014 to 
2017, there was no significant mean difference in the 
total direct medical cost between the patients who were 
survived and those who died from the disease (p = 0.158). 
However, patients who survived exhibited a significantly 
higher mean of diagnostic costs than the patients who died 

(see Table 3). In comparing the costs between the duration 
of stay, antibiotic provision, and investigation/procedure, 
the significant overall cost was achieved (Table 4). 
Therefore, it could be concluded that a longer duration of 
stay leads to higher treatment costs. The diagnostic costs 
were significantly different between non-bacteremic and 
bacteremic patients (Table 5). The non-bacteremic patients 
show a higher mean of diagnostic costs compared to 
bacteremic patients.

Discussion
Thorough antimicrobial treatment in the critical stage of 
melioidosis and a long-term eradication treatment is 
essential.2 The increase in melioidosis cases in the ende
mic areas in Malaysia possibly contributes to massive 
economic difficulties. Following the high number of hos
pitalised patients and mortality rates due to this disease, 
expensive treatment and cost are needed, which may result 
in long-term economic effects on the society, including the 
loss of productivity.8

It was recorded in this study that the highest average 
direct medical cost increased from US $742.88 (RM3094) 
in March 2016, US $700.14 (RM2916) in October 2014, 
and US $1243.73 (RM5180) in January 2015. The results 
have shown a similar outcome reported by Hassan et al 
(2010). The increased number of the cases during these 

Table 2 Comparison of Survival Status in Melioidosis Patients 
from 2010 to 2017 at Hospital Sultanah Bahiyah, Kedah (n = 293)

Year Cured (n=147) n(%) Died (n=146) n(%) p-valuea

2014 30(20.4) 40(27.4) 0.582

2015 52(35.4) 47(32.2)

2016 38(25.9) 35(24.0)
2017 27(18.4) 24(16.4)

Note: aPearson chi-square applied.

Figure 1 The trend of the average direct medical cost (USD) from 2014 to 2017 based on months.
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months can be related to the occurrence of high rainfall.5 

Based on that study, it was reported that the mean monthly 
rainfall was associated with the increase of melioidosis 
cases.5 A study conducted in Hospital Universiti Sains 
Malaysia, Kubang Kerian, Malaysia, also reported almost 
the same results where the highest admission of melioido
sis patients was observed during November, December, 
January, and February.15 The rainy season in Malaysia 
usually started from November till February, which the 
risk of flooding is high. Published studies proposed that 
these wet season may enable the spreading of 

B. pesudomallei in the environment and increased the 
chance of getting the infection from this bacteria.16,17

Despite the fact that we cannot identify the total eco
nomic burden of melioidosis patients in Malaysia since the 
calculation of the costs was only performed based on the 
direct medical cost, yet the average of these costs obtained 
for the study was considered higher for each patient. It was 
also found that direct medical cost constituted 14–25% of 
the overall economic difficulties from melioidosis.8 Based 
on research performed in Thailand, the average annual 
direct medical cost were associated with the cases of 

Figure 2 The percent of increment/reduction of direct medical cost.

Table 3 The Comparison of Costs Based on the Patients’ 
Survival (Cured or Died from Disease) (n=293)

Variable The Mean(SE) 
of Died 

Patients n=146

The Mean(SE) 
of Cured 

Patients n=147

p-valuea

Antibiotic cost 43.73 (0.63) 48.13 (0.84) 0.303

Diagnostic cost 9.71 (0.09) 11.33 (0.08) 0.003

Investigation cost 156.98 (0.54) 177.25 (0.39) 0.131

Direct medical cost 210.42 (0.64) 236.71 (0.69) 0.158

Notes: aIndependent t-test applied; the logarithmic transformation was applied for 
the skewed data. Means and SEs were obtained by back-transformation via the delta 
method. The costs estimated per patient was presented in US Dollars.

Table 4 The Comparison of Costs Based on the Duration of 
Stay (n = 293)

Variable 0−13 Days 
Mean (SE) 

n=149

≥ 14 Days 
Mean (SE) 

n=144

p-valuea

Antibiotic cost 12.78 (0.64) 80.26 (0.54) < 0.001

Diagnostic cost 10.37 (0.08) 10.69 (0.08) 0.938
Investigation cost 156.01 (0.45) 178.67 (0.48) 0.312

Direct medical cost 179.16 (0.53) 269.61 (0.65) < 0.001

Notes: aIndependent t-test applied; the logarithmic transformation was applied for 
the skewed data. Means and SEs were obtained by back-transformation via the delta 
method. The costs estimated per patient was presented in US Dollars.
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hospitalised bacteremic melioidosis in Sa Kaeo and 
Nakhon Phanom. In Sa Kaeo, the treatment amounted to 
$37066 ($16,187 severe cases and $20,876 non-severe 
cases), while $66,993 cases ($17,178 severe cases and 
$47,475 non-severe cases) were reported in Nakhon.8

Notably, a higher value of sub costs was found among the 
patients who were survived from the disease compared to the 
individuals who died from the disease. This difference was 
possibly related to a longer duration of stay among the 
patients who were survived, as emphasised by Bhengsri 
et al (2013) that the average direct medical cost among non- 
fatal cases of melioidosis was higher compared to the cost 
among fatal cases in Thailand. Meanwhile, the lower costs in 
dead patients were possibly related to shorter duration of stay 
at the hospital, including the death of most melioidosis 
patients within 24 hours or 72 hours of admission,18,19 

which was also not prepared for other clinical investigations 
or procedures. Moreover, a higher total direct medical cost 
were incurred to the patients with a duration of stay of longer 
or equal to 14 days at the hospital, in comparison to the 
patients with a duration of stay of shorter than 14 days. 
Overall, these results were possibly correlated to the differ
ence in costs between the patients who were survived and 
those who died from the disease. It can be concluded that the 
longer the hospital stay, the more additional procedures and 
management to treat the melioidosis patient that lead to the 
increased costs.

The average antibiotic and diagnostic costs for this study 
among melioidosis patients amounted to US $45.94 
(RM191.34) and US $10.52 (RM43.83), respectively. In the 
Malaysian context, the empirical antimicrobial treatment 
used to treat life-threatening melioidosis is meropenem.13,15 

A study that was conducted in Thailand by Hantrakun et al 
(2015) reported that meropenem is more cost-effective in 

reducing the mortality rate of melioidosis by 9%. In this 
study, meropenem and ceftazidime were compared to esti
mate the cost-effectiveness in treating acute severe melioi
dosis patients.20 It was another study in Vietnam emphasised 
on the cost-effectiveness of the use of selective media for the 
diagnosis of melioidosis.21 It was reported that approxi
mately $100 was incurred in Vientiane, while $39 was 
incurred for each patient in Siem Reap for detecting melioi
dosis by using the selective culture.21 However, there was no 
published study on cost analysis or the cost-effectiveness of 
treating melioidosis in Malaysia. Based on this study, the 
mean diagnostic cost for bacteremic patients was statistically 
different from non-bacteremic patients among the survival 
group. The diagnostic cost was lower in bacteremic patients 
than non-bacteremic patients due to the diagnosis of this 
group mostly based on blood culture results only. For non- 
bacteremic patients, the sample was done for multiple culture 
sites that lead to a higher cost of diagnosis.

The trend analysis was used to estimate the direct 
medical cost for each year. It was indicated from the 
results that the direct medical cost for melioidosis patients 
were frequently reduced from 2014 until 2017. This phe
nomenon implied improved management for the diagnos
tic and treatment therapies. It could be seen that the 
forecast of the direct medical cost could be applied for 
future research as a reference to achieve better planning 
and use of adequate resources to reduce the costs of treat
ment for the melioidosis patients.22

It is noteworthy that this research was the first research 
in Malaysia, which highlighted the direct medical cost of 
melioidosis and made a comparison of the price between 
the duration of stay and patients’ status. However, the 
primary limitation of this study could be seen from the 
calculation of the direct medical cost for patients with 
melioidosis, which was based on the information of 
resources extracted from the medical records. This situa
tion may lead to the underestimation of the direct medical 
cost. All the costs were based on the medical records 
instead of the prospectively collected clinical data. The 
calculation of the cost was made from the first day until 
the last day of hospital admission.

The parameters collected from the medical records 
consisted of the treatment, investigation, and procedures 
received by the patients, the date of the patient’s admis
sion, discharge from hospital, and death, and the methods 
of the diagnosis. In the case of costs, other costs, including 
direct non-medical costs (transportation) and indirect med
ical cost were not included in the study due to the limited 

Table 5 The Comparison of Costs Based on the Type of 
Melioidosis Patients in Survival Group (n = 147)

Variable Non- 
Bacteremic 
Mean (SE) 

n=26

Bacteremic 
Mean (SE) 

n=121

p-valuea

Antibiotic cost 33.35(4.23) 51.31(0.57) >0.95

Diagnostic cost 18.46(0.13) 9.80(0.06) <0.001

Investigation cost 191.39(0.05) 174.21(0.03) 0.165
Direct medical cost 243.20(0.05) 235.32(0.03) 0.387

Notes: aIndependent t-test applied; the logarithmic transformation was applied for 
the skewed data. Means and SEs were obtained by back-transformation via the delta 
method. The costs estimated per patient was presented in US Dollars.
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availability of the data. Moreover, this research placed 
a sole focus on one hospital, and the direct medical cost 
only represented the minimum estimation of cost from the 
overall costs for the treatment of melioidosis patients. It is 
suggested that further analysis of the economic burden of 
melioidosis patients is performed with proper management 
of the variables collected. In order to identify the eco
nomic burden of melioidosis patient, the direct medical 
cost (costs related to buying the medical service), the 
direct non-medical cost (eg, travel cost, accommodation, 
meals), and indirect cost (eg, productivity loss) should be 
considered in the data collection. It is also recommended 
that the total treatment costs in future studies are stratified 
based on comorbidities in patients to achieve a correct 
estimation of the treatment cost for melioidosis.

Conclusion
The management of melioidosis in terms of diagnosis and 
appropriate treatment is vital to reduce disease severity and 
mortality. This study has identified the direct medical cost 
for managing melioidosis inpatients in Hospital Sultanah 
Bahiyah, Kedah, Malaysia. Further details on the economic 
costs of melioidosis should be presented in future studies to 
achieve improved comprehension regarding the disease. By 
providing the direct medical cost of melioidosis patients, the 
study underscores the importance of preventing melioidosis 
and promote the essential to make useful guidelines in 
controlling the disease in terms of resources.
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