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Abstract. Melioidosis is among the most common causes of septicemia in Thailand, but data on economic burden are
limited. We describe the economic impact of bacteremic melioidosis hospitalizations in two Thailand provinces during
2006–2008. Costs are presented in US dollars ($1 = 30.49 Thai Baht). The average annual incidence of bacteremic
melioidosis cases per 100,000 persons in Sa Kaeo and Nakhon Phanom was 4.6 and 14.4, respectively. The annual cost
of bacteremic melioidosis hospitalizations from the societal perspective, including direct and indirect costs, was $152,159
in Sa Kaeo and $465,303 in Nakhon Phanom. The average cost per fatal case was $14,182 and $14,858 in Sa Kaeo and Nakhon
Phanom, respectively. In addition to the high morbidity and mortality, the substantial economic burden of melioidosis
further supports the need for investments to identify improved prevention and control strategies for melioidosis.

INTRODUCTION

Melioidosis is known to be endemic in tropical areas between
latitudes 20°N and 20°S, predominantly in southeast Asia,
northern Australia, Papua New Guinea, India, southern China,
Hong Kong, and Taiwan.1 It has been estimated that around
2,000 to 3,000 cases of melioidosis occur each year in Thailand.2

The annual incidence in northeastern provinces of the country
has been estimated to be 12.6–14.9 cases per 100,000 persons.3,4

The high melioidosis incidence in endemic countries likely
carries a high economic burden. Melioidosis therapy requires
intensive antimicrobial treatment in the acute phase as well as
prolonged eradication treatment. In addition to this expensive
antimicrobial regimen, costs are especially high for patients
requiring intensive care unit admission, which account for
38% of hospitalized patients with melioidosis.5 Furthermore,
melioidosis has a high mortality rate,4 which could lead to sub-
stantial economic impact to society in terms of productivity
losses. Although data are available on the economic impact
of other high-burden diseases in Thailand (e.g., dengue fever6

and tuberculosis7),wewereunable to identifyanypreviouslypub-
lished data on the economic burden of melioidosis in Thailand.
We aim to describe the economic burden of bacteremic

melioidosis from the societal perspective, including direct and
indirect costs related to morbidity and mortality, using data
from one eastern and one northeastern province in Thailand.

MATERIAL AND METHODS

Setting. This study was conducted in two Thailand provinces,
Sa Kaeo in the eastern region of the country with a 2007 pop-
ulation of 531,884 and Nakhon Phanom in the northeast with a
population of 738,184. The 2007 per capita income in Sa Kaeo
was 56,092 Baht ($1,839), and the 2007 per capita income
in Nakhon Phanom was 30,244 Baht ($992) (Table 1). Both

provinces have primarily agrarian-based economies and share
common occupations, including farming and raising livestock.
Study sites. In 2005, we established active population-based

surveillance forbloodstream infections inall hospitals in SaKaeo
(1 provincial and 7 district hospitals), an area not usually thought
ofashighlyendemic formelioidosis,andNakhonPhanom(1pro-
vincial and 11 district hospitals), an area known to have high
melioidosis rates.4,5 Automated blood culture systems (BacT/
ALERT 3D, bioMérieux Inc., Durham, NC) were implemented
in the provincial hospital in each province to enhance detection
of blood-borne pathogens in patients hospitalized for commu-
nity-acquired pneumonia or suspected sepsis.8 Blood cultures
from all other hospitals in each province were processed at pro-
vincial hospitals within 24 hours. Cultures positive for
Burkholderia pseudomallei were confirmed by the National
Institutes of Health, Thailand Ministry of Public Health. The
enhanced laboratory capacity and surveillance system allowed
estimation of population-based incidence of invasive bacterial
infections,8 including melioidosis.4 We defined a case of bacter-
emic melioidosis as blood culture-confirmed B. pseudomallei
infection in a patient hospitalized in SaKaeo orNakhon Phanom
from January 1, 2006 toDecember 31, 2008.
Data collection. Medical records of bacteremic melioidosis

case-patients were reviewed for demographic and clinical char-
acteristics, length of hospital stay, and outcome at the time of
discharge. Patients who were discharged in moribund condition
were categorized as fatal cases. For patients with unconfirmed
vital status at discharge, outcome was considered unknown.
Cost estimation. The total cost attributable to hospitalized

bacteremic melioidosis cases was calculated from the societal
perspective and included three typesof costs: directmedical costs,
direct non-medical costs, and indirect costs because of morbidity
and pre-maturemortality.
Direct medical costs. Hospital charge data for case-patients

were obtained from the Central Office of Healthcare Informa-
tion and the National Health Security Office (NHSO), Thailand.
We linked each case hospitalization to the corresponding record
in the NHSO database to obtain hospital charge information.
We estimated direct medical cost by converting charge data to
costs using a cost-to-charge ratio of 0.88 and 0.93 for provincial
and district hospitals, respectively.9 All costs in 2006–2008 were
converted to 2011 values using the consumer price index for
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medical care of Thailand.10 Because links to NHSO charge data
could not be made for all cases, an average direct medical cost
per case was calculated using the cases with NHSO charge data
available. This average cost was then applied to all hospitalized
bacteremic melioidosis cases identified by province to estimate
the total direct medical costs. The direct medical costs were
stratified by case patients with and without comorbidities based
on International Classification of Diseases Tenth Revision
(ICD-10)–coded discharge diagnoses.
Direct non-medical costs.Direct non-medical costs generally

include expenditures (e.g., travel costs, lodging, and meals) that
result from the illness but are not part of the direct purchasing

of medical services. For this analysis, we estimated direct non-
medical costs based only on transportation costs related to hos-
pitalization using data from the National Health and Welfare
Survey (National Statistics Office, ThailandMinistry of Informa-
tion and Communication Technology).11 Data on other direct
non-medical (e.g., lodging andmeals) were not available.
Indirect costs. Indirect costs were divided into costs related

to morbidity and costs related to pre-mature mortality. The
human capital approachwas used for estimating indirect costs.12

This approach estimates the loss of future earnings based on the
assumption that vacant positions will never be replaced and that
society is impacted by the productivity loss while affected per-
sons are out of the work force. Morbidity-related indirect costs
were estimated as the lost productivity among patients and
caregivers during the time of hospitalization.13 Each patient
was assumed to have one productive caregiver during hospitali-
zation. Morbidity-related indirect costs were calculated for
patients ages 15–64 years (the group considered to have earning
power) and caregivers as the number of days missed from work
during hospitalizationmultiplied by the average daily individual
income using income data from the National Statistics Office.14

Future productivity losses from pre–mature death were calcu-
lated by multiplying the number of fatal cases by the estimated
future earnings by age group and sex using data available from
the International Health Policy Program, which uses a 3%
annual discounting rate.15,16

Sensitivity analysis. We performed sensitivity analyses by

varying the annual discount rate for future productivity from

0% to 6% to assess the impact on cost estimates.17

Statistical analysis. Data were double entered and validated

using Microsoft Access version 2003 (Redmond, WA). SPSS for

Windows version 15 (SPSS Inc., Chicago, IL) was used for data
analysis. Continuous variables with normal distributions were

summarized as means and standard deviations (SD). Continu-

ous variables were compared using Student’s t test or for vari-

ables with non-Gaussian distributions, the Mann–Whitney test.
All costs were converted to US dollars ($1 = 30.49 Thai Baht as

of September of 2011) and presented as means ± SD.
Ethical considerations. The study was approved by the Ethi-

cal Review Committees of the Department of Disease Control,

Thailand Ministry of Public Health and the Faculty of Tropical

Medicine, Mahidol University as well as an Institutional Review

Board of the Centers for Disease Control and Prevention
(CDC; Protocol number 5694).

Table 1

Characteristics of the study population in Sa Kaeo and Nakhon Phanom provinces, Thailand, 2006–2008

Sa Kaeo Nakhon Phanom Thailand

Population in 2007* 531,884 738,184 63,038,247
Male sex (%) 50 50 49
Per capita income in Thai Baht ($US) 56,092 ($1,840) 30,244 ($992) 129,089 ($4,234)

All cases Charge data†
available, n (%)

All cases Charge data†
available, n (%)

Total number of case-patients 73 52 319 141
Median age in years (range) 52 (3–77) 52 (3–76) 52 (2–85) 52 (2–84)
Age group (years)
0–14 2 (2.7) 2 (3.8) 9 (2.8) 6 (4.3)
15–64 55 (75) 39 (75) 254 (80) 105 (74)
³ 65 16 (22) 11 (21) 56 (18) 30 (21)

ICU admission 25 (34) 10 (19) 91 (29) 41 (29)
Male sex 45 (62) 30 (58) 178 (56) 77 (55)
Fatal outcome 27 (37) 20 (38) 95 (30) 33 (23)

*Office of the National Economic and Social Development Board, Office of the Prime Minister.
†Hospital charge data were collected from the NHSO and used to calculate direct medical cost.

Figure 1. Average annual cost of hospitalized bacteremic
melioidosis cases from the societal perspective – Sa Kaeo and Nakhon
Phanom, Thailand, 2006–2008.
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RESULTS

From January of 2006 to December of 2008, 392 hospital-
ized cases of bacteremic melioidosis were identified, includ-
ing 73 cases (27 deaths) in Sa Kaeo and 319 cases (95 deaths)

in Nakhon Phanom (Table 1). The average annual incidence
of hospitalized bacteremic melioidosis cases per 100,000

persons in Sa Kaeo and Nakhon Phanom was 4.6 (4.2 in
2006, 4.7 in 2007, and 4.8 in 2008) and 14.4 (11.7 in 2006, 17.9
in 2007, and 13.6 in 2008), respectively.
Cost of bacteremic melioidosis in Sa Kaeo. Among 73 bac-

teremic melioidosis cases identified in Sa Kaeo, hospital charge

information from the National Health Insurance Database was
available for 52 (71%) cases. The age and sex distributions were
similar for caseswith andwithout chargedata available (Table 1).

Among 52 cases with charge data available, the physician dis-
charge diagnosis was melioidosis in 23 (44%) patients, whereas

29 (56%) patients had other diagnoses (diabetes mellitus [14/29,
48%], renal disease [7/29, 24%], lung disease [12/29, 41%], and
heart disease [4/29, 14%]). Thirty-two of 52 (62%) case-patients

were discharged alive and 20 (39%) died in hospital. Ten (19%)
of 52 cases were admitted to an intensive care unit (ICU).
The average annual direct medical costs attributable to

hospitalized bacteremic melioidosis cases in Sa Kaeo were
$37,066 ($16,187 among fatal cases and $20,876 among non-

fatal cases). Patients with a discharge diagnosis of melioidosis
(N = 23) had higher average direct medical costs than patients

with other discharge diagnoses (N = 29): $2,149 versus $1,027
(P = 0.05). Of 23 cases with a melioidosis discharge diagnosis,
6 patients had diabetes listed as an additional discharge diag-

nosis, and for these cases, the average annual direct medical
costs were $1,435 (SD = $1,463). The average annual direct

non-medical costs for transportation were $365. The average
annual indirect costs totaled $114,729 ($3,176 attributable to

productivity losses during hospitalization and $111,552 attrib-
utable to pre-mature mortality) (Table 2).
The overall average cost per year of bacteremic melioidosis

in Sa Kaeo was $152,159, of which 75% was attributed to
indirect costs (Figure 1). The average cost of bacteremic
melioidosis per fatal and non-fatal case was $14,181 and

$1,515, respectively. The average cost of bacteremic melioidosis
cases with and without ICU admission was $18,481 per case
(direct cost per case = $2,722 and indirect cost per case =
$15,692) and $14,533 per case (direct cost per case = $1,256
and indirect cost per case = $13,210), respectively.
Cost of bacteremic melioidosis in Nakhon Phanom. In

Nakhon Phanom, 141 (44%) of 319 cases had hospital charge
data available. The age and sex distribution was similar for cases
with and without charge data available (Table 1). Melioidosis
was specified as at least one discharge diagnosis for all cases
in Nakhon Phanom. Of 141 case-patients with charge data avail-
able, 119 (84%) case-patients also had at least one comorbid
condition noted among the discharge diagnoses: diabetes
mellitus (66/119, 56%), renal disease (40/119, 34%), lung disease
(29/119, 24%), liver disease (16/119, 13%), musculoskeletal
disease (10/119, 8%), or heart disease (6/119, 5%). Ninety-nine
(70%) of 141 case-patients (72 [51%] patients ages 15–64 years)
were discharged alive, and 33 case-patients (27 [82%] patients
ages 15–64 years) had fatal outcomes. Of 33 deaths, 10 deaths
(30%) occurred among patients discharged in moribund con-
dition; 9 of 141 (6.4%) case-patients were transferred to other
healthcare facilities, and outcomes could not be determined.
Forty-two (30%) cases required ICU care.
The average annual direct medical costs attributable to hospi-

talized bacteremic melioidosis cases in Nakhon Phanom were
$66,993 ($17,178 among fatal cases and $47,475 among non-fatal
cases). Bacteremic melioidosis case-patients with discharge diag-
noses that included melioidosis and comorbid conditions (N =
119) had higher direct medical costs than those case-patients
with melioidosis alone (N = 22): $678 versus $369 (P < 0.01). Of
119 case-patients with comorbid conditions, 25 case-patients
(21%) had diabetes, and the direct medical costs among this
group were $526 (SD = 507) per case. The annual direct non-
medical cost for transportation was $1,595. The annual indirect
costs were $396,715 ($5,443 attributable to productivity losses
during hospitalization and $391,271 attributable to pre-mature
mortality) (Table 2).
The overall average cost per year of bacteremic melioidosis

in Nakhon Phanom was $465,303, and the majority (85%) of
costs was attributable to indirect costs (Figure 1). The average

Table 2

Average annual cost in US dollars of bacteremic melioidosis in Sa Kaeo and Nakhon Phanom, 2006–2008

Cost items

Sa Kaeo Nakhon Phanom

Cost/case (USD ± SD) n Average cost/year (USD) Cost/case (USD ± SD) n Average cost/year (USD)

Direct medical cost*
All cases 1,523 ± 1,862 52 37,066 630 ± 572 141 66,993
Fatal cases 1,730 ± 2,455 20 16,187 690 ± 609 33 17,178
Non-fatal cases 1,394 ± 1,401 32 20,876 636 ± 578 99 47,475

Direct non-medical cost
Transportation cost 15 73 365 15 319 1,595

Indirect costs for productivity losses
during hospitalization†
All cases 77 ± 70 124 3,176 29 ± 25 573 5,443
Fatal cases 42 ± 67 50 693 11 ± 9 175 651
Non-fatal cases 106 ± 59 74 2,611 37 ± 25 398 4,870

Indirect costs for productivity losses
because of pre-mature death‡
Cost of pre-mature death 12,395 ± 9,836 27 111,552 14,142 ± 7,973 83 391,271

Total 152,159 465,303

*Direct medical cost per case was estimated from cases with hospital charge data available from the Central Office of Healthcare Information and the NHSO and presented as rounded whole
US dollars ± SD. Average direct medical cost per year was calculated as the average cost per case times the total number of cases divided by 3 years.
†Productivity losses from morbidity are calculated only for patients ages 15–64 years during hospitalization (Sa Kaeo, N = 51; Nakhon Phanom, N = 254) and one productive caregiver per

patient (Sa Kaeo, N = 73; Nakhon Phanom, N = 319).
‡Productivity losses for pre-mature mortality are calculated using age- and sex-specific discounted earnings16 for fatal cases when the patient would have been ages 15–64 years (Sa Kaeo,N = 27;

Nakhon Phanom, N = 83).
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cost of bacteremic melioidosis per fatal case and non-fatal
case were $14,859 and $688, respectively. The average cost of
bacteremic melioidosis with and without ICU admission was
$17,197 per case (direct cost per case = $956 and indirect cost
per case = $16,241) and $13,369 per case (direct cost per case =
$517 and indirect cost per case = $12,852), respectively.
Sensitivity analysis. Setting the discount rates to 0% and 6%

(compared with the base case of 3%) changed the total annual
cost of bacteremic melioidosis in Sa Kaeo to $185,150 (22%
increase) and $131,141 (14%decrease), respectively. InNakhon
Phanom, varying the discount rate changed the total annual cost
estimates to $589,766 (27% increase) and $388,408 (17%
decrease), respectively.

DISCUSSION

In addition to the high disease burden, our study documents
the substantial economic impact of bacteremic melioidosis
in Thailand, even in eastern Thailand, an area not previously
known to be endemic.4 The total annual cost of hospitalized
cases of bacteremic melioidosis was estimated as $152,159 in Sa
Kaeo and $465,303 in Nakhon Phanom. The majority of costs
was attributable to the indirect costs from pre-mature mortality
(75% and 85% of total costs in Sa Kaeo and Nakhon Phanom,
respectively). The average cost per fatal case in Sa Kaeo and
Nakhon Phanom was 2.8 and 2.7 times higher than Thailand’s
gross domestic product (GDP) per capita ($4,972 in 2011),18

respectively, whereas the average cost per case with ICU
admission was 3.7 and 4.5 times higher than Thailand’s GDP
per capita.
Diabetes mellitus is known to be the common comorbidity

related to melioidosis,19,20 and its prevalence is increasing
worldwide, including in Thailand.21 Diabetes alone results
in substantial cost to society. According to a previous study in
one northeastern Thailand province, the average annual cost
of illness in 2008 per diabetic patient from a societal perspec-
tive was $881, which was 21% of Thailand’s GDP per capita.22

The direct medical cost alone of bacteremic melioidosis in a
patient with diabetes is two times that amount.
In Sa Kaeo, an area outside the highly endemic northeast,

only 44% of hospitalized bacteremic melioidosis cases had
melioidosis specified as a discharge diagnosis based on ICD-10
coding in the National Health Insurance Database. Infrequent
use of melioidosis as a discharge diagnosis likely led to under-
estimation of the true direct medical costs, because ICD-10
coding strongly influences the direct medical cost calcula-
tion.23 In our study, bacteremic melioidosis patients with an
ICD-10–coded discharge diagnosis of melioidosis had direct
medical costs two times higher than those patients without the
discharge diagnosis, although all patients were hospitalized
with blood culture-confirmed B. pseudomallei infection.
Underuse of the melioidosis coding would also lead to under-
estimation of disease burden from surveillance systems that rely
on discharge diagnosis. More precise coding for melioidosis
cases would improve the accuracy of cost as well as disease
burden estimates.
This study was strengthened by the presence of active surveil-

lance for bloodstream infections in all hospitals in the two prov-

inces, which has improved detection of bacteremic melioidosis4

and allowed for more robust cost estimates. Additionally, we

included a province in a region not previously considered highly

endemic, documenting the economic impact beyond north-

eastern Thailand.
An important limitation of this study was the inclusion of

costs associated with only melioidosis cases identified in hospi-

tal. Our surveillance also only captured bacteremic melioidosis

cases, which have previously been estimated to account for only

50–60% of all melioidosis cases.24,25 Furthermore, we included

only one direct non-medical cost (transportation) but did not

have data on other costs, such as costs related to follow-up visits,

meals, lodging, long-term treatment, and intangibles (pain and

mental suffering). We also did not have costs incurred at other

healthcare facilities before hospitalization or if transferred after

discharge. Cost calculations in this study, therefore, represent a

minimum estimate of the total economic impact of melioidosis

overall. Finally, we did not have primary income data for each

case-patient, and therefore, we relied on average income data

from a national database, which may not have always reflected

income levels in the two study provinces.
Although the human capital approach is recommended for

indirect cost calculations in Thailand,12 this method is known
to overestimate indirect costs, because lost productivity from
morbidity or mortality can be recovered by others in the
workforce.26 Other methods that can be used are the friction-
cost and the willingness to pay (WTP) methods. The friction-
cost method assumes that the productivity lost from morbidity
or pre-mature mortality can be eliminated after a new
employee is trained and can replace the former employee who
experienced the disease in question. Indirect costs are assumed
to occur only during the time that it takes to replace an
employee (friction period).We do not have sufficient informa-
tion on when the friction period starts and ends, and this
method can underestimate indirect costs.26 The WTP method
calculates indirect costs based on estimates of how much
money individuals would be prepared to pay to prevent mor-
bidity or pre-mature mortality from the condition. However,
this method is affected by individual income; individuals with
lower incomes tend to be willing to pay less than individuals
with higher incomes.12

Our study revealed the substantial economic impact of
melioidosis from the societal perspective and demonstrated that
the impact reaches regionsofThailandnothistorically considered
to have a high melioidosis burden. Early case detection and
proper treatment of melioidosis are required to decrease disease
severity and prevent pre-mature mortality, which accounted for
the greatest economic losses. These data underscore the need
for effective melioidosis prevention and control strategies
in Thailand and can serve policymakers in their efforts to make
the best use of public health resources.
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