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Abstract

The burden of hospitalized dengue cases in Thailand is high. In Khon Kaen Hospital, a provincial hospital, 
the cost per non-fatal case in 2005 averaged (±standard deviation) US$ 573 (±351). The majority of this 
cost is incurred by the government, indicating the importance of dengue to public policy. The projected 
national cost is US$ 158 (±33) million or US$ 3.55 (±$0.53) per capita per year. In international dollars, 
which adjust for purchasing power parity, the annual cost is 485 (±106) million international dollars. 
Of this total, 28% is for vector control while 72% represents the cost of dengue illness. The substantial 
cost of dengue illness indicates the potential economic value of effective control measures.
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Introduction

The first epidemic of dengue in Thailand 
occurred in 1958.[1] Dengue is regarded as 
Thailand’s most important arbovirus infection 
of the 21st century,[2] and is the country’s largest 
single cause of paediatric hospitalizations.[3] 
Khon Kaen province, the site of the present 
study, has been particularly affected by dengue 
in recent epidemics.[4]

Clinically, a dengue infection is usually 
classified as dengue fever, dengue haemorrhagic 
fever (DHF) or dengue shock syndrome (DSS) 
according to severity. Dengue illness entails 
considerable cost for medical treatment; 
school-age children also lose school days and 
working parents and caregivers lose income 
while caring for patients. Caregivers also 
incur expenses related to food, transportation 
and lodging for those visiting and caring for 
hospitalized patients. In addition, central, 
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regional and local governments incur costs for 
vector control activities, risk of dengue may 
reduce revenue from tourism, and dengue is 
sometimes fatal.

Previous studies have examined several 
components of the annual economic burden 
due to DHF in Thailand, but they excluded 
items such as the value of lost school days, 
government subsidies to public hospitals, 
and costs of vector control.[5-7] A 1995 report 
estimated that the annual economic burden 
due to DHF in Thailand ranged from US$ 
19 million to US$ 51 million per year.[7] The 
number of disability-adjusted life years (DALYs) 
lost to dengue in Thailand was 45 214 (731.7 
per million population).[6,8] Anderson et al. 
estimated out-of-pocket costs to patients 
for treatment, but did not estimate other 
components.[5] In 2009, Suaya et al. published 
a comprehensive study of dengue illness 
costs in eight countries, including Thailand.[9] 
Nevertheless, many gaps remain.

Cost-related studies are needed by 
vaccine developers, donors, the Ministry of 
Health and local governments in Thailand, 
NGOs and other stakeholders in developing 
policies around dengue prevention and 
treatment. Prevention decisions include public 
support and awareness around vector control 
programmes, commitments to recommend 
and use a dengue vaccine should it prove 
effective and be licensed, and funding for 
dengue treatment through national insurance 
systems and other mechanisms. This study 
is the first to conduct a comprehensive 
examination of costs of dengue to Thai society, 
including medical care costs for care at a 
public hospital, indirect costs to households 
for lost income and school absence, and for 
vector control.

Materials and methods

Study design

This study on disease burden and cost of 
hospitalized dengue cases was conducted in 
Khon Kaen Hospital, Khon Kaen, Thailand, 
from October 2004 to June 2006. The study 
population consisted of hospitalized patients 
aged 2 to 15 years, who had a final clinical 
diagnosis of dengue at discharge. Patient-level 
data came from a patient questionnaire and 
abstracts of patients’ medical records (e.g., 
clinical characteristics, length of hospital stay 
and laboratory data). We did not influence 
treatment in any way nor order any laboratory 
tests specifically for this study. All data were 
entered into two identical standardized 
Microsoft Access databases created by one 
of the authors (SJ) for the multicountry 
study[9]–one for interview data and the 
other for medical record information. Study 
methods and databases are described further 
elsewhere.[9]

Data collected from interviews

The patient questionnaire was developed in 
English, translated into Thai, and then piloted. 
The questionnaire covered demographic and 
socioeconomic characteristics of the patient 
and households, characteristics of the illness, 
impacts on health, use of medical services, 
absence from school and work, time for 
patient care, and spending and income lost 
by households while caring for the dengue 
patient. A well-trained interviewer conducted 
two half-hour interviews, one at the time of 
admission using face-to-face communication 
and the second at the time of follow-up 
approximately two weeks later, usually by 
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telephone. The majority of the interviewees 
were caregivers instead of patients, but a few 
patients spoke directly about their symptoms 
in the presence of the legal surrogate.

Three workshops were conducted in 
Thailand (two also included investigators from 
Malaysia and Cambodia) to ensure consistency 
and accuracy in data collection, cleaning 
and analysis. When data were found to be 
inconsistent, data records were reviewed and 
imputations were made after a consistency 
check.

Cost of a dengue case

To derive the economic cost of each case in the 
study cohort, we measured the direct medical 
costs borne by the government, clients and 
households, and direct non-medical costs and 
indirect costs borne exclusively by households. 
Costs were expressed both in United States 
dollars (US$) based on the official 2005 
exchange rate of 39.0 Thai Baht per US 
dollar, and international dollars (I$) based on 
purchasing power parity. The figure for I$ was 
3.07 times the number of US$.[9]

To quantify the societal cost of absence 
from school, we made the conservative 
assumption that it was equal to the cost per 
day of primary schooling, which was I$ 5.80 
(US$ 1.90). This assumption was based on 
the fact that schooling is publicly funded, 
and hence society values it at least as highly 
as its cost. We then calculated the economic 
loss attributed to school days lost as the 
product of the daily cost and the number of 
school days lost. We valued a day of work 
lost to the worker or to the employer as the 
higher of the reported daily loss or Thailand’s 
minimum daily wage (I$ 11.00 or US$ 3.60) 
and then calculated the total economic costs 
of workdays lost as the product of this average 

daily loss times and the number of workdays 
lost. To value “other” days (caregiver and 
patient days lost other than for school or work) 
we also used Thailand’s daily minimum wage 
for patients or household members 15 years 
of age or above. Household total days affected 
are the sum of school, work and other days 
lost. As there were no deaths in our cohorts, 
the economic costs of premature deaths were 
incorporated subsequently under aggregate 
national projected costs.

Macrocosting was the primary approach 
to estimate unit costs of inpatient and 
ambulatory care, with activity-based costing 
explored for validation. The facility’s annual 
operating budget, outpatient visits and 
inpatient visits were extracted from the 
hospital database for calculating unit costs. 
The unit cost for an average hospital day was 
derived from total hospital expenditure, and 
numbers of inpatients and outpatients during 
the fiscal year 2005. Using a relationship from 
international literature, we assumed the unit 
cost of an outpatient hospital visit was 25% of 
the cost of an inpatient bed day.[10] As many 
outpatient visits occurred below the level of 
a provincial hospital (e.g., at a physician’s 
office, in a health centre, or a secondary 
hospital clinic), we assumed the average 
cost of an ambulatory visit was only 60% a 
hospital outpatient visit. The average cost of an 
inpatient bed day was I$ 263.90 (US$ 86.00) 
and of an ambulatory visit was I$ 39.60 (US$ 
12.90). Out-of-pocket payments for medical 
services were calculated from information on 
the costs of pre-admission, admission and 
follow-up periods obtained by interviews.

Costs of vector control

Vector control programmes consist of educating 
households about the reduction of breeding 
sites by eliminating containers that can hold 
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multiplying its average annual reported cases 
by its cost per case.

In Thailand, as in most countries, the 
number of officially reported dengue cases is 
lower than the true number.[11] A secondary 
analysis of data from Kampaeng Phet, where 
schoolchildren are under active surveillance 
for dengue, found that the estimated number 
of dengue cases is four times the officially 
reported number of hospitalized cases. Since 
83% of the reported cases are from hospitals, 
the estimated number of dengue cases is 3.3 
times the total number of reported cases. That 
is, the estimated expansion factor is 3.3.

Statistical analysis

The unit of analysis was a clinically confirmed 
hospitalized dengue episode with or without 
serological confirmation. We compared 
costs between patients without laboratory 
confirmation and those with laboratory 
confirmation. Statistical significance between 
continuous variables was examined by t-tests 
(for normally distributed variables) or by the 
Wilcoxon rank sum test (for skewed data) and 
the significance between categorical variables 
was examined by the Fisher’s exact test.

Ethical considerations

The study protocol was approved by the 
ethics committees of Khon Kaen Hospital, 
Faculty of Public Health of Mahidol University, 
Ministry of Public Health, Royal Government 
of Thailand, and Institutional Review Boards 
(IRB) at Brandeis University, and the initial 
funding organization, the International 
Vaccine Institute, on behalf of the Pediatric 
Dengue Vaccine Initiative (PDVI). 

standing water; when possible treating those 
that cannot be eliminated and spraying 
insecticide to reduce the abundance of adult 
mosquitoes. These activities are implemented 
at all levels of the administration from the 
national to sub-district. To ascertain their costs, 
we obtained data on costs (both personnel 
and other costs) at the national levels, and 
from representative examples of lower-level 
administrative units from the province to the 
sub-district. At each administrative unit, we 
divided by the population served to get per 
capita costs. At the local levels, we computed 
a weighted average of rural and urban costs. 
We then summed the levels to get the total 
per capita costs.

National costs of dengue

To project national dengue costs, we used 
the preliminary economic model and the 
Monte Carlo simulation from the multicountry 
study.[9] Since the number of dengue cases 
varies substantially by year, we used the 
five-year (2001–2005) average of dengue 
cases and deaths that was officially reported 
to WHO, with supplementary data to show 
the breakdown by setting. As Thailand’s 
surveillance system is based primarily on 
hospitals, the share of cases (± standard 
error of the mean, SEM) from hospitals from 
2002–2005 averaged 83.0% (± 1.7%). The 
average age of death as a result of dengue 
in Thailand was 7.6 years (± 2.0). As a 
provincial hospital, Khon Kaen Hospital was 
organizationally located midway in a health-
care system with national hospitals at the tier 
above and district hospitals and health centres 
at the tier below, and we assumed that the 
cost per case was nationally representative. 
We estimated Thailand’s aggregate cost by 
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remaining 131 patients, who had only clinical 
diagnoses for dengue. Except for the facts 
that laboratory-confirmed children were 
more likely to come from urban areas and 
were slightly older, there was no significant 
difference in demographic characteristics 
between the serologically confirmed and the 
clinically diagnosed groups.

Health status before illness in almost all 
patients in both groups was good or very 
good. All patients experienced fever for an 
average number of six days and had 11-day 
duration of illness. Half of the patients from 

Results

Demographic and clinical 
characteristics

As shown in Table 1, our subjects consisted of 
173 patients classified into two cohorts. The 
laboratory-confirmed cohort consisted of 42 
patients who were serologically confirmed for 
dengue by polymerase chain reaction (PCR). 
These laboratory confirmations were done 
under another clinical research investigation 
simultaneously underway in the same hospital. 
The clinical-only cohort consisted of the 

Table 1: Demographic characteristics of the study cohorts

Characteristic Laboratory-
confirmed

Clinical 
only

Entire 
cohort p-value

Number of patients 42 131 173 n.a.

Gender (% female) 55 43 46 0.174

Males 55 43 46 0.174

Age distribution (%)
0–4 yrs.
5–9 yrs.
10–14 yrs.*
Mean age, yrs. (SD)

0
33
67

10.0(2.4)

5
51
44

9.0(3.0)

4
47
49

9.2(2.9)

0.098

0.048

Parents' highest level of education (%)
Primary school or less
Secondary school
Vocational school or more

48
31
21

49
31
20

49
31
20

0.975

Residence (% urban) 48 24 30 0.004

Interview completion (%)
Both interviews completed
Mother as patient's proxy

95
88

91
73

92
77

0.363
0.048

Interview timing, days, mean (SD)
Onset to first interview
First to second interview

4.4(2.2)
14.7(3.6)

5.4(2.4)
13.7(2.5)

5.2(2.4)
13.9(2.9)

0.017
0.093

* Includes 1 patient aged 15 years; notation:  SD denotes standard deviation; n.a. denotes not applicable.
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both groups sought medical care within 24 
hours of the onset of symptoms, suggesting 
that the symptoms were rather severe. Almost 
all the patients received ambulatory care at 
a public facility prior to admission to Khon 
Kaen Hospital.

Tab le  2  shows that  the c l in ica l 
characteristics of the patients were similar in 
both cohorts apart from eye or retro-orbital 
pain, low platelet count and low white cells 

count, which were significantly more frequent 
in serologically confirmed patients. Thirteen 
per cent of patients took aspirin before 
hospitalization, a drug that can increase the 
risk of bleeding in dengue. 

Total cost of a dengue case

Table 3 shows that there were no significant 
differences in overall cost between the 

Table 2: Clinical characteristics of the study cohorts

Characteristic Laboratory-
confirmed

Clinical 
only

Entire 
cohort p-value

Number of patients 42 131 173 n.a.

Health status before illness
Good or very good 81% 87% 86% 0.330

Seeking health care promptly
Within 24 hours from onset 45% 52% 50% 0.452

Symptoms and signs during illness 
Fever
Headache
Eye or retro-orbital pain
Muscle or joint pain
Abdominal pain
Vomiting
Diarrhea
Dizziness
Excessive thirst
Reduced urine output
Sore throat and/or running nose
Skin rash
Bleeding 
Plasma leakage
Low platelets count
Low white cells count
High white cells count

100%
88%
50%
79%
76%
81%
60%
74%
60%
33%
36%
71%
95%
76%
74%
93%
12%

100%
82%
26%
69%
79%
77%
43%
76%
52%
46%
40%
56%
87%
63%
56%
56%
13%

100%
84%
32%
71%
79%
78%
47%
75%
54%
43%
39%
60%
89%
66%
61%
65%
13%

1.000
0.387
0.004
0.220
0.660
0.600
0.058
0.818
0.389
0.155
0.645
0.085
0.138
0.125
0.046
0.000
0.856

Quality of life during illness
Mean, 0 to 100 (SD) 68.3(14.5) 65.9(16.7) 66.5(16.2) 0.408
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Characteristic Laboratory-
confirmed

Clinical 
only

Entire 
cohort p-value

Patient impact, days, mean (SD)
Fever
Feeling bad or very bad
Illness
Onset to hospitalization

6.1(2.3)
4.2(2.4)

11.8(6.2)
2.2(1.3)

6.0(3.8)
4.2(2.5)

10.5(4.5)
2.9(1.5)

6.0(3.5)
4.2(2.5)

10.8(5.0)
2.7(1.5)

0.947
0.971
0.199
0.017

Utilization of health services, mean(SD)
Ambulatory visits
% in public sector
Hospital stay (days)
% in public sector

3.6(1.8)
86

5.5(4.1)
100

4.4(2.1)
87

4.6(3.0)
100

4.2(2.0)
87

4.9(3.3)
100

0.028

0.123

Treatment, % of cohort
Self-medication
Aspirin
Antibiotics

2
12
74

4
14
73

3
13
73

1.000
0.760
0.946

Household impact, days, mean (SD)
School lost
Work lost
Period affected

5.9(3.9)
4.5(5.9)

20.9(13.0)

5.4(3.2)
3.7(4.7)

17.9(9.4)

5.5(3.4)
3.9(5.0)

18.6(10.4)

0.340
0.324
0.108

Notation: SD denotes standard deviation; n.a. denotes not applicable.

Table 3: Cost of a dengue episode in Khon Kaen Hospital by  
laboratory confirmation status (I$)

Cost component

Laboratory-confirmed 
(n=42)

Clinical only 
(n=131) p-value

M (SD) M (SD)

Direct costs
Ambulatory care

Doctor visits, private
Doctor visits, public
Prescriptions, lab. tests, etc.

Inpatient care
Non-medical care

1799
129
123

4
1

1464
206

1186
60
61
8
5

1083
146

1564
159
151

5
2

1226
179

928
82
79
12
21

805
123

0.185
0.034

0.129
0.238

Indirect cost 157 120 130 90 0.124

Total cost 1956 1293 1694 998 0.171

Notation: M denotes mean; SD denotes standard deviation; I$ denotes international dollars.
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laboratory-confirmed and clinically diagnosed 
dengue cases. For the cohort as a whole, 
Table 4 shows that direct costs were the higher 
of the two broad cost components, with a 
value of I$ 1621 or US$ 528 per case. Of 
these direct costs, inpatient care comprised 
79%, ambulatory care 9%, and non-medical 
care (e.g. transportation) 11%. In this study, 
indirect costs were only 11% of the total cost 
of a dengue case (I$ 137, US$ 45). Household 
out-of-pocket payments (for direct non-
medical costs plus the value of time lost from 
work, school and other household activities) 
constituted only a small portion of the cost per 
case. Most of the cost of a dengue case was 
borne by the government primarily through 
its subsidy of services provided at Khon Kaen 
Hospital. The sum of these components (I$ 
1758 or US$ 573) was the average cost to 
society of a dengue case.

Table 5 shows the financial challenges 
faced by families of hospitalized children with 
dengue. Although patients were hospitalized 
for an average (±standard deviation) of 

Table 4: Cost of a dengue episode in Khon Kaen Hospital by component for entire cohort

Cost component
I$ US $

M (SD) M (SD)

Direct costs
Ambulatory care

Doctor visits, private
Doctor visits, public
Prescriptions, laboratory tests, etc.

Inpatient care
Non-medical care

1621
152
145

5
2

1284
186

998
79
75
11
18

883
129

528
49

145
5
2

418
60

325
26
75
11
18

288
42

Indirect cost 137 98 45 32

Total cost 1758 1079 573 351

Notation: M denotes mean; SD denotes standard deviation; I$ denotes international dollars.

4.9 (±3.3) days, the inpatient care itself was 
provided in a public hospital. Therefore, out-
of-pocket payments for inpatient care were 
generally nominal. Furthermore, medications 
were generally available in the hospital, so 
families faced few out-of-pocket payments for 
that item as well. However, patients reported 
an average of 4.2 (±2.0) medical visits before 
and after hospitalization. Forty-seven per 
cent of patients named payment for these 
services as a financial challenge. There were 
no significant differences in the prevalence 
of financial challenges between laboratory-
confirmed and clinically diagnosed dengue 
cases.

National cost of dengue

The costs of vector control, shown in Table 6, 
aggregate to US$ 1 per capita. Most of the 
costs are incurred at the regional and provincial 
levels. From a per capita perspective, the 
national-level Ministry of Health costs are 
trivial. With a population of 62 million, 
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Table 5: Challenges faced by households during the patient’s illness episode

Challenge
Laboratory-
confirmed 

(n=42)

Clinical 
only 

(n=131)

Entire 
cohort 

(n=173)
p

Specific financial challenges, %
Could not afford cost of visits to medical providers
Could not afford drugs
Could not afford cost of transportation
Savings (e.g. bank account)
Sold items (e.g. furniture, animals, jewelry) 
Borrowed from family members or friends from 
outside the household 
Borrowed from someone other than a friend or family 
Other (e.g. from the church)

48
7
5
7
2

12 

7
0

47
16
7
8
1

18 

7
0

47
14
6
8
1

17 

7
0

1.00
0.20
1.00
1.00
0.43
0.48 

1.00
1.00

Number of financial challenges, mean (standard 
deviation) 

0.88 
(1.02)

1.04 
(1.15)

1.00 
(1.12)

0.20

Table 6: Estimated spending on vector control in Thailand, by administrative level

Administrative 
level Role Nameb Population Per capita 

amount, US$

National Strategic mgmt. Country 62 000 000 0.0003

Regional Train, supply, supervise Region 6 7 506 340 0.68

Provincial Implement Roi Ed Province 1 505 314 0.20

Locala Implement 0.12

–  Municipality Chiang Mai 151 011 0.01

–  Subdistrict Padad 13 793 0.12

Total 62 000 000 1.00
aMunicipalities cover urban areas and subdistricts rural areas. The original per capita amounts have been multiplied 
by 20% and 80%, respectively, to represent the shares of Thailand’s population covered by these local administrative 
units.
bThe specific administrative units are representative examples for estimating national costs. Region 6 contains Khon 
Kaen province.
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Thailand’s national cost is US$ 62 million. The 
mean (±standard error of the mean) reported 
numbers of dengue cases and deaths were 
81 000 (±20 000) and 93 (±25), respectively. 
The mean annual costs (±standard deviation) 
of reported dengue illness was I$ 147 (±32) 
million or US$ 48 (±10) million. Applying 
the expansion factor of 3.3 gives projected 
national costs of I$ 485 (±106) million or 
US$ 158 (±33) million. Spread over the entire 
population, the projected cost of dengue in 
Thailand is I$ 10.89 or US$ 3.55 per capita 
per year. Of this total, 72% represents the 
cost of illness and the remaining 28% is vector 
control.

Discussion

The burden of each hospitalized dengue 
case is high. The average of I$ 1758 or 
US$ 573 is about one fifth of the per capita 
GDP of Thailand (I$ 8440 or US$ 2750)[9]. 
The majority of this cost is incurred by the 
government, indicating the importance of 
dengue to public policy.

We validated the macro-cost analysis for 
direct medical costs with activity-based costing 
(ABC). ABC, developed by Kaplan and Bruns 
in 1987,[12] is a type of cost accounting that 
seeks to allocate direct and indirect costs to 
the services provided. Originally developed 
to improve the efficiency of manufacturing 
in the private sector, the technique has 
been extended to some hospitals in both 
industrialized and developing countries.[12,13] It 
was used on a pilot basis in Khon Kaen Hospital 
to for the first 112 dengue cases, in which costs 
were allocated based on the number of hours 
that patients spent in each unit. The results 
showed that labour costs represented 66% of 
total costs while non-labour costs (including 
capital, utilities, and materials) comprised 

the remaining 33% and validated the overall 
costs from macro-costing. It is reassuring 
that the total annual cost of dengue in the 
present paper of US$ 158 million or US$ 3.55 
per capita is reasonably similar to a largely 
independent estimate in another paper in 
Dengue Bulletin of US$ 135 million or about 
US$ 2.20 per capita.[14] While that study also 
included estimated costs of ambulatory only 
cases, its estimate of the cost per case, based 
on a lower estimated government subsidy for 
hospital care, was smaller.

Elsewhere in South-East Asia, vector 
control programmes and potential vaccines 
have been shown to be cost-effective strategies 
to reduce the cost of dengue.[15] Among the 
eight countries in the multicountry study, 
Thailand’s cost per inpatient case (I$ 1758) 
was 26% higher than the average of I$ 1394 
for all inpatient cases.

Thailand’s per capita cost of dengue 
(US$ 3.55) is 32% lower than that of the 
other country in which the total cost of 
dengue has been estimated with a similar 
approach—Panama (US$ 5.22 per capita).[16] 
This relationship is consistent with Thailand’s 
31% lower 2005 per capita GDP (US$ 2750 
in Thailand and US$ 4630 in Panama) and 
the exclusion of costs of ambulatory-only 
cases in Thailand. Similarly, the share of the 
per capita cost represented by vector control 
in Thailand (28%) was very similar to that in 
Panama (30%). 

In public reporting of dengue, some 
countries report only laboratory confirmed 
cases, while others such as Thailand base the 
reporting on clinical criteria. In Khon Kaen 
Hospital and many other facilities in the region, 
the absence of laboratory confirmation does 
not mean that the case was not dengue. Rather, 
clinicians in Thailand, who are experienced in 
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managing dengue, often did not feel that the 
laboratory test and associated delay were 
sufficiently useful to justify the discomfort to 
the patient and the cost involved. The similarity 
in demographics, clinical characteristics, and 
costs between cases that were laboratory 
confirmed with those not confirmed suggests 
that the majority of the clinically diagnosed but 
non-confirmed cases were, in fact, dengue. 
This fact shows the utility of reporting clinically 
co-diagnosed cases alongside those with 
laboratory confirmation.

Since illness costs are 2.6 times greater 
than vector control costs, moderate increases 
in vector control costs would be economically 
justified even if they achieved only a small 
reduction in dengue illness. For example, a 
26% increase in vector control cost would 
be justified provided it could reduce dengue 
burden by at least 10%. In this example, this 
26% increase in vector control costs would add 
US$ 0.26 per capita while the 10% reduction 

in illness costs would save US$ 0.26 from that 
component, leaving the total unchanged at 
US$ 3.55 per capita. These findings suggest 
investing more money in vector control (or in a 
vaccine when available) would be worthwhile 
due to their offsets in the economic cost of 
dengue.
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