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Abstract

Dengue infection is endemic among children in Cambodia. Few studies have described the clinical 
characteristics, diagnoses and the socioeconomic impact of hospitalized dengue cases. As part of a 
multicountry prospective dengue study, we analysed interviews and record reviews of 123 consecutive 
cases of children hospitalized with confirmed dengue in a major public provincial hospital. About 80% 
of cases evidenced plasma leak. On average, a hospitalized dengue case lasted 6.3 days, with 3.3 days 
of inpatient care, and cost US$116 (Singapore dollar 48). The majority (88%) of these cases’ households 
reported a substantial adverse economic impact, perhaps explained by their inability to afford medical 
care (39%), or on account of loss of five or more days of income (91%), need to borrow money beyond 
family or friends (39%), being compelled to sell or sale of property (53%) to pay for treatment. Hospitalized 
dengue has major clinical and socioeconomic consequences in Cambodia. 
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Introduction

Dengue illness, a mosquito-borne viral disease, 
is a major global public health problem in 
tropical and subtropical countries and causes 
more morbidity and deaths than any other 
arbovirus disease in humans.[1] In Cambodia, 
dengue is endemic and, as in other South-East 
Asian countries, represents one of the primary 
causes of hospitalization and death among 
children.[2] Official reports, based only on 
hospitalizations of children, showed an annual 
average of 15 614 cases and 189 deaths during 
the period 2000–2007. In 2007 alone, 40 000 
cases and 407 deaths were reported: the 
highest number of children affected in one 
year during this period.[3]

Cambodia, with a population of 14 
million inhabitants and a life expectancy 
at birth of 58 years, had a per capita gross 
domestic product (GDP) of US$ 380 and 
public spending on health of US$ 6.46 (1.7% 
of GDP) per person in 2005.[4] Only a few 
studies have examined economic aspects of 
dengue in Cambodia.[5,6,7,8] During the 2001 
epidemic in Thmar Pouk district of Cambodia, 
a study was conducted on 162 dengue 
patients.[5] The mean household out-of-pocket 
expenditure per dengue case was estimated 
at US$ 8 for public hospitals and US$ 89 for 
private services. A remarkable finding of this 
study was that 70% and 33% of households 
of sick children receiving care in the private 
and public sector, respectively, went into debt 
in order to pay for medical services. Similarly, 
another study reported average out-of-pocket 
spending of up to US$ 49 for a single dengue 
episode in a public facility in Cambodia.[7] Yet 
another study found that the use of annual 
targeted larviciding campaigns as the major 
component of dengue vector control were 
actually cost-effective.[9] A more recent study 
found that dengue patients incurred costs 

similar to those with other febrile illnesses, 
both overall ($ 31.50 vs. $ 27.20, respectively) 
and among the hospitalized subset of both 
groups ($ 40.10 vs. $ 36.20, respectively).[6]

Using data from a cohort of children 
who had been hospitalized for dengue 
in a major public provincial hospital in 
Cambodia, this study analyses the clinical 
characteristics and diagnosis of laboratory-
confirmed dengue cases, the associated use 
and cost of health services received, and the 
socioeconomic impact of the illness episode 
on households. This study was part of a 
prospective multicountry study to measure 
dengue disease and the economic burden in 
eight dengue-endemic countries.[8] 

Methodology

Study population

Our study population consisted of children 
aged 0–14 years who were admitted into Takeo 
Provincial Hospital with clinical suspicion 
of dengue between December 2004 and 
December 2005. The Institutional Review 
Boards of the collaborating institutions and the 
funding agency approved the study protocol. 
All consecutive patients admitted during this 
period were candidates for this study. Their 
legal surrogates were informed of the purpose, 
invited to participate, and asked to sign an 
informed consent once they agreed to. All the 
patients had agreed to participate. 

Survey of parents or other legal 
surrogates 

The hospitalized child’s parent or legal surrogate 
was interviewed twice by a trained physician 
using a standardized survey instrument that 
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included sections from the World Health 
Survey[10] and EuroQol (visual scale).[11]  The 
survey ascertained clinical characteristics of 
the child’s illness as well as an assessment 
of the socioeconomic impact on the child’s 
household. All the interviews were conducted 
in person and took place at the hospital. The 
initial and follow-up interviews were timed 
at two days after hospital admission and one 
week after discharge (as part of a follow-up 
medical visit), respectively. Each interview took 
about 45–60 minutes. When inquiring about 
symptoms and health status, legal surrogates 
were invited to consult with the patient if 
necessary. 

Clinical characterization of a  
dengue case

The study ascertained the clinical characteristics 
of a dengue case. Both the above-mentioned 
interviews of legal surrogates and a review of 
medical records were used as data sources. 
Parameters of interest included days of fever, 
days of overall illness, symptoms and signs 
of disease, perceived severity and quality of 
life (QoL), care-seeking behaviour, and use 
of aspirin and antibiotics. To measure QoL 
during the illness, the study used the EuroQol’s 
thermometer-like visual analog scale[11] where 
100 corresponded to perfect health and zero 
to death, and asked parents or other legal 
surrogates to assess their child’s QoL.

To complement the clinical information 
obtained from surveys, we reviewed medical 
records and extracted relevant clinical data 
(e.g. days of fever, clinical manifestations such 
as vomiting, diarrhoea, evidence of plasma 
effusion and bleeding) and laboratory data 
(e.g. platelet and white cell count, haematocrit, 
radiological results, etc.) related to the patient’s 
illness during the hospitalization. 

Classification of dengue cases by 
plasma leakage

In order to evaluate the severity of dengue, 
we grouped patients based on evidence of 
plasma leakage, which is the most important 
pathophysiologic characteristic of dengue 
severity. Plasma leakage was defined by 
the verification in the medical records of 
plasma effusion or haemoconcentration. 
Plasma effusion was based on clinical or 
radiological signs of pleural/pericardial effusion, 
hepatomegaly, or ascites. Haemoconcentration 
was defined by evidence of a 20% increase in 
haematocrit (compared with the stabilized 
haematocrit at hospital discharge) or by a 
haematocrit value 20% above that considered 
normal for children (haematocrit >42).[12]

Cost of a dengue case

For each dengue case, we performed a full 
economic cost analysis consisting of the 
estimation and subsequent combination of 
three major cost categories: direct medical, 
direct non-medical, and indirect costs, all 
estimated from a societal perspective. We used 
the methodology from the multicountry study, 
with the interviews of parents or other legal 
surrogates and the annual hospital expenses 
as main data sources.[8] Cost-related domains 
surveyed included: health impact, use of 
medical services, schooling, work productivity, 
leisure time, out-of-pocket spending, and 
income lost. The time horizon was the acute 
dengue episode. 

To calculate direct medical costs for 
each patient, we summed the products of 
the type and amount of services received 
by setting (ambulatory or inpatient) and by 
provider (public or private), and multiplied 
this by their respective unit costs. We used 
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lost was calculated by multiplying the daily 
cost and the number of school days lost. 
The societal value of a day of work lost was 
considered the maximum of the worker’s 
reported income lost per day or Cambodia’s 
daily minimum wage (US$ 1.9).[15,16] The 
total economic costs of work days lost were 
calculated as the product of this average daily 
loss and the number of work days lost. “Other” 
days were days caregivers and patients lost 
for reasons other than school or work, such 
as days a non-working parent cared for an ill 
child. To value “other” days for those aged 15 
or above, we multiplied the country’s daily 
minimum wage by the “other” days lost. In 
addition, the total days the household was 
affected was then calculated as the sum of 
school, work and “other” days lost. 

Finally, the total cost of a dengue case was 
calculated for each patient as the sum of all 
his or her direct (medical and non-medical) 
and indirect costs. Costs were expressed in 
2005 US dollars. 

Economic and financial impact of a 
dengue case on households

Parents or other legal surrogates were also 
interviewed about the type and degree of 
financial challenges resulting from their child’s 
illness (e.g., ability to afford medical care and 
days of income lost), their coping mechanisms 
adopted (e.g., borrowing money and/or selling 
valuables such as family silver or livestock), 
and their perception of the overall economic 
impact on their households. 

Analytical framework

The unit of analysis was a dengue case 
defined by a documented acute febrile illness 
episode with clinical suspicion of dengue and 

each patient’s actual out-of-pocket payments 
for ascertaining the cost of private medical 
services. To estimate the economic cost of 
the medical care provided by public facilities, 
we used a macro-costing approach.[13] Three 
steps were used in this approach. First, using 
admissions, length of stay, and numbers of 
ambulatory visits in Takeo hospital as data, 
we estimated the hospital’s annual number 
of hospital-day equivalents. This estimation 
was computed by multiplying the annual 
number of admissions by the average length 
of stay and the number of hospital outpatient 
visits by 0.25 (based on the observation that 
the cost of a hospital outpatient visit was 
one fourth of a hospital day).[13] Second, to 
calculate the cost of a hospital day, we divided 
the hospital’s annual expenses by the number 
of hospital-day equivalents. Third, as public 
ambulatory care was provided not only by 
Takeo Hospital but also by other health centres 
and dispensaries, we assumed that the cost of 
a public ambulatory visit was 60% of the cost 
of a hospital outpatient visit. 

To calculate direct non-medical costs we 
aggregated all the out-of-pocket payments by 
the patient’s household for transportation, 
food, lodging and miscellaneous expenses 
related not only to the patient seeking and 
obtaining medical care but also to household 
members’ visits to the patient at the hospital. 

To calculate indirect costs for each 
patient, we assigned monetary values to 
three major categories of days: (a) days of 
school lost; (b) days of work for pay lost; and 
(c) “other” days lost by either the sick child 
and/or any other household member who 
provided care to the patient during the illness. 
As Cambodia funds primary education, we 
assumed that the economic value of a day of 
schooling was equal to the cost of providing 
a day of public primary school (US$ 0.10).[14] 
The economic loss attributed to school days 
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All of the dengue serotypes were identified, 
with DENV-2 being the predominant type, 
and there were no fatalities reported in the 
study cohort. The majority of the patients 
had plasma leakage (80%). Only a minority of 
patients were from urban areas (12%). Females 
represented 54% of the participants. All the 
participants were children aged 14 or less, with 
5–9 years being the predominant age group 
(59%). All of the children under the age of five 
had evidence of plasma leakage. Though the 
mean age of participants was eight, children 
with leakage were about two years younger 
(p<0.01) than those without leakage. Patients 
represented a wide range of household 
socioeconomic characteristics measured as 
the parent’s highest level of education. All the 
participants had two interviews (not shown) 
with the first and the second interviews on the 
6th and 16th day from the onset of symptoms, 
on an average.

Clinical characterization

Based on a five-point scale, the majority of 
the participants (90%) felt good or very good 
(the two best points) before the beginning of 
symptoms, with children with plasma leakage 
reporting overall better health status prior to 
the illness (Table 2). About two thirds of the sick 
children sought medical care within 24 hours 
from the onset. The most commonly reported 
symptoms were fever (100%), abdominal pain 
(98%), vomiting (81%), headache (80%) and 
muscle or joint pain (74%). The majority of the 
patients had evidence of bleeding (55%) and 
thrombocytopenia (89%). Vomiting, bleeding 
and thrombocytopenia were found to be 
more frequent in cases with leakage (p<0.01). 
Overall, proxies reported serious impairment 
in the patient’s quality of life during the illness. 
The worst health status averaged only 7% of the 
equivalent of perfect health, indicating a loss 

subsequent laboratory confirmation. For every 
patient enrolled in the study, the Institut Pasteur 
du Cambodge performed two serologies: 
an in-house IgM capture enzyme-linked 
immunosorbent assay (MAC-ELISA) adapted 
from Rossi et al.[17], and haemagglutination 
inhibition (HI) tests.[18] Assays for dengue 
viruses and Japanese encephalitis virus 
antigens were used in parallel. When patient’s 
admission serum was positive for MAC-ELISA 
or had an HI titer over 2560, the laboratory 
diagnosis was of a recent dengue or other 
flavivirus infection. When the admission 
sample was negative for MAC ELISA and had 
HI titers ≤2560, a second serum sample 
(convalescent sample) was collected seven 
days after the first sample and a new run of 
MAC-ELISA and HI tests were performed on 
both admission and convalescent sera. The 
early specimen of serologically confirmed 
patients was also tested for RNA detection 
and dengue virus serotyping by semi-nested 
reverse transcriptase-polymerase chain 
reaction (RT-PCR).[19]  For analytical purposes, 
participants were divided into two groups 
based on documentation of plasma leakage 
being present or absent.

Data were entered into a Microsoft Access 
database, and standard routines for cleaning, 
consistency and analysis were performed. We 
report results as means and standard deviations 
for continuous variables and frequencies for 
categorical variables. T-tests and Chi square 
tests with alpha level of significance at 0.05 
were performed for key analyses. 

Results

The study recruited 127 patients with clinical 
suspicion of dengue, of which 97% (n=123) 
were dengue laboratory-confirmed and 
therefore included in the analysis (Table 1). 
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Table 1: Demographic characteristics of dengue-confirmed patients by cohort 

Item
Plasma leakage

Entire cohort
No Yes P

Cohort 25 98 123

Residence, % of cohort

Urban 20 10 0.182 12

Sex, % in cohort

Females

56 53 0.793 54

Age groups, % in cohort

0–4 yrs

5–9 yrs

10–14 yrs*

0

52

48

12

61

27

0.040 10

59

31

Age distribution, mean (SD)

Age 9.1 (2.3) 7.5 (3.1) 0.018 7.9 (3.0)

Parent highest level of education, % in cohort

Primary school or less

Secondary school

Vocational school, college or more

32

64

4

41

54

5

0.672 39

56

5

Interviews

Mother as legal surrogate, %

Days from onset to first interview

Days from first to econd interview

56

5.9 (1.6)

9.7 (1.6)

63

6.4 (1.2)

9.7 (2.1)

0.505

0.185

0.887

62

6.3 (1.3)

9.7 (2.0)

* includes three 15-year-old patients

of 93% of quality of life. On average, an illness 
episode lasted for 6.3 days, including 3.7 days 
of fever. Patients felt bad or very bad throughout 
the majority of the days of illness. Overall the 
disease was half a day longer in children with 
plasma leakage (p<0.05). One fifth of the 
patients received medication not prescribed by 
a medical practitioner, and nearly one fourth of 
the participants received antibiotics. 

Health-care use and productivity loss

Each patient recorded an average of 3.7 
ambulatory visits and 3.3 days of hospital 
stay. Overall, 59% of the ambulatory visits 
and all of the hospital days took place in 
public facilities (Table 3). There were no major 
differences in use of ambulatory services or 
length of hospital stay by plasma leakage 
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Table 2: Clinical characteristics of dengue-confirmed patients by cohort 

Item
Plasma leakage Entire 

cohortNo Yes P

Cohort size (cases) 25 98 123

Health status before illness, % of cohort
Good or very good 80 93 0.053 90

Seeking health care, % of cohort
Within 24 hours from onset 76 68 0.458 70

Symptoms and signs during illness, % of cohort
Fever
Headache
Muscle or joint pain
Skin rash
Retro-orbital pain
Sore throat and/or running nose
Diarrhoea
Abdominal pain
Vomiting
Bleeding 
Low platelet count
Low white cells count
High white cells count

100
92
72
56
20
12
20

100
64
32
76
44
8

100
77
74
61
34
17
26
97
86
61
93
33
20

1.000
0.101
0.800
0.634
0.187
0.762
0.567
1.000
0.013
0.009
0.014
0.288
0.241

100
80
74
60
31
16
24
98
81
55
89
35
18

Quality of life during illness episode, mean (SD)
Mean, quality in % 7.8 (4.3) 6.7 (3.9) 0.240 7.0 (4.0)

Time indicators, mean (SD)
Days of fever
Days feeling bad or very bad
Days of illness

4.1 (2.0)
5.7 (1.3)
5.8 (1.4)

3.6 (1.1)
6.2 (1.4)
6.4 (1.2)

0.199
0.118
0.025

3.7 (1.3)
6.1 (1.4)
6.3 (1.4)

Treatment, % of cohort
Self-medicated
Used antibiotics
Used aspirin

28
20
0

16
21
1

0.181
0.876
1.000

19
21
1
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status (p<0.05). Dengue illness resulted in 
an average of 6.6 days of school absenteeism, 
14.2 days of work lost and 2.6 other days lost, 
when including both the patient and other 
household members (Table 3). 

Among children without plasma leakage, 
almost all (92%) were in school at the time 
of the illness, whereas among children with 
plasma leakage, only 61% were in school. 
This discrepancy is explained by the overall 
younger age and larger proportion of children 
aged 0–4 years with plasma leakage who, 
therefore, were too young to be in school. This 
age difference resulted in an average of three 
fewer days of school absenteeism (p<0.05) in 
households of children with leakage than those 
without it. However, among children attending 
school, a supplementary analysis found that 
those with plasma leakage lost overall more 
days of school than children without leakage 
(7.0 vs. 6.6 days). 

Table 3: Use of health services and household impact by cohort

Item
Plasma leakage Entire 

cohortNo Yes P

Cohort 25 98 123

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

3.4 (0.6)
62

3.5 (1.6)
100

3.8 (0.9)
58

3.2 (1.2)
100

0.034

0.389

3.7 (0.8)
59

3.3 (1.3)
100

Household impact, mean (SD)
Days of school lost*
% borne by patient
Days of work lost
Other days affected
Total days affected

9.2 (7.6)
63

10.5 (5.1)
1.3 (2.4)

21.0 (9.4)

5.9 (5.9)
73

15.2 (8.4)
2.9 (3.5)

24.0 (9.6)

0.019

0.001
0.008
0.161

6.6 (6.4)
70

14.2 (8.0)
2.6 (3.4)

23.4 (9.6)

*The large majority of children without plasma leakage were schooling at the time of the illness (92%) compared with 
children with plasma leakage (61%).

The households of children with plasma 
leakage lost, on average, five more days of 
work compared with households of children 
without plasma leakage (15.2 versus 10.5 days, 
p<0.01, respectively).

An average dengue episode was associated 
with a total loss of 23.4 household member 
days. The loss tended to be three days longer 
if the child had plasma leakage than if he did 
not, though the trend was not significant at 
p<0.05 (p equals 0.161).

Dengue cost and household impact

The total cost of a dengue episode averaged 
US$ 116 (Singapore dollars 48), and consisted 
of medical costs ($28 or 24%), non-medical 
costs ($33 or 28%) and indirect costs ($55 or 
48%) (Figure 1). Indirect costs and total costs 
were significantly greater in cases with plasma 
leakage than without it (p<0.01). 
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Figure 1: Full cost of a hospitalized dengue case by cohort
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Households faced financial challenges 
during the child’s illness (Figure 2). About 
40% of the households reported difficulties in 
paying their medical providers. In addition, all 
but one household lost at least one day of work 
and the large majority (91%) of the households 
lost at least five days of work. 

Households addressed financial challenges 
by borrowing money from their family or 
friends (60%) or from other people (39%) and 
selling items (53%) such as livestock, family 
silver or furniture. Overall, the large majority 
(88%) of the households rated their child’s 
illness as having “quite a lot of substantial 
impact” on their family’s economic situation, 
corresponding to the two worst categories on 
a five-point scale. 

Discussion

Dengue illness, an acute disease, was 
associated with diverse clinical manifestations 
and remarkable economic impact for our 
cohort of hospitalized cases. The severity 
of the disease among hospitalized cases is 
indicated by the fact that 80% had evidence 
of plasma leakage, an important risk factor 
for death. The large proportion of cases with 
plasma leakage may indicate the severity of 
dengue cases that warranted admission to 
the hospital. The observation that all of the 
children aged under five had evidence of 
plasma leakage suggests that dengue in this 
age group may be more severe than in older 
children. 
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The vast majority of cases (97%) admitted 
to the hospital with suspicion of dengue during 
the study period had laboratory confirmation, 
which may indicate the high prevalence 
of dengue among children, the absence of 
another cause of childhood febrile illness (e.g. 
influenza) at the time of the study, and the 
ability of parents to judge when their child 
may have dengue.

The majority of patients in this study 
reported good health before the illness, but 
felt severely debilitated as evidenced by 
the substantial loss in quality of life in both 
patients with and without plasma leakage. 
The promptness in seeking care observed in 
our cohort suggests that dengue illness was 
associated with severe symptoms from the 
very onset of the disease. 

The average across each patient’s lowest 
quality of life was a level of only 7% of that 
of perfect health. This represents an average 
loss of 93% of the quality of life expected 
for perfectly healthy individuals. This loss 
was substantially more than the 60% loss 
from a comparable study in Malaysia.[20] As 
this study was the first time that the EuroQol 
thermometer visual scale was used in dengue 
patients in Cambodia, further validation would 
be required to rule out interviewer artifacts or 
the proxies’ difficulties in grading the quality 
of life of their child.[21]  After these data are 
validated, they can be used to transform 
results from the thermometer visual scale into 
utilities for calculations of quality-adjusted life 
years (QALYs) and disability-adjusted life years 
(DALYs).[22]  

Figure 2: Household’s financial challenges, coping mechanisms and  
economic impact from a hospitalized dengue case
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The severity of a hospitalized dengue case 
is also marked by the large number of medical 
services obtained during the illness. A patient 
had on average 3.7 ambulatory visits and 3.3 
days of hospital stay within six days of the illness 
episode. The greater total cost of a hospitalized 
dengue case with plasma leakage than without 
it is explained by the greater ambulatory care 
costs, non-medical costs and indirect costs. 
Overall, cases with plasma leakage were 
associated with a greater number of private, 
and more expensive, ambulatory visits. We 
were unable to document differences in 
the cost of inpatient care by plasma leakage 
status because of the limitation of the hospital 
costing methodology used, which consisted 
of measuring the cost of a hospital day for 
an average hospitalization. However, as the 
hospital did not have an intensive care unit but 
rather a paediatric medical unit for all patients, 
the use of length of stay and average cost per 
hospital day was appropriate. 

Dengue illness affected not only the sick 
child but also other household members who 
provided care to the patient. For example, 
about 30% of the household’s days of school 
lost were borne by family members other than 
the sick child. In addition, a dengue episode 
with an average duration of less than one week 
resulted in twice as many days of work-for-pay 
lost by household members. The high share 
of other household members’ involvement for 
hospitalized patients reflects the custom and 
need for a family member to stay with the 
patient virtually full time while hospitalized, 
and substantially during the rest of the illness. 
Another indication of this spill-over effect is 
the number of person days affected in the 
entire household. A hospitalized dengue 
episode, when including the patient’s and 
other household members’ time, resulted in a 
loss of 23.4 days. Of these days, the majority 
(71% or 16.6 days) were borne by household 

members other than the patient (not shown 
in table). 

The remarkable economic impact of the 
disease reported by most of the households 
may be explained by both the large out-
of-pocket spending on medical and non-
medical items and the income lost from lost 
days of work. Since no households reported 
sick leave, the lost days of work reported by 
nearly all households represented income lost. 
To cope with these financial challenges, the 
majority of households borrowed money or 
sold some of their valuables. A recent study 
has also shown that dengue often forces 
Cambodian households to sell property or 
goods or take loans to meet the catastrophic 
expenses.[7]  These observations highlight the 
potentially devastating effect of this disease on 
a household’s economic situation in a country 
with limited social protection.

The main limitation of this study is that it 
is based only on children admitted as hospital 
inpatients. By contrast, a community-based 
study would likely have included many non-
hospitalized patients with less severe disease, 
and probably without plasma leakage. As 
normal values of haematocrit in Cambodian 
children were not available, we used those 
for children in the United States,[23] an 
approach followed by dengue researchers 
in a Nicaraguan study.[12] As children in 
Cambodia are more likely than their American 
counterparts to have lower haematocrit values 
due to a higher prevalence of malnutrition, 
the identification of haemoconcentration in 
our study may be conservative.[12]

We initially attempted to classify dengue 
illness between dengue fever and dengue 
haemorrhagic fever. We discontinued this 
attempt, however, as the then existing WHO 
classification, which dated from 1997,[24] led 
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to problems in interpretation. At the time 
of the study WHO was developing newer 
guidelines, but these did not become available 
until afterwards.[25]

For patients whose condition was severe 
enough to require hospitalization, dengue was 
a severe illness even in the absence of plasma 
leakage documented in the medical record. 
Patients under study without plasma leakage 
lost significantly more days of school and 
stayed slightly longer in hospital than patients 
with leakage. Thus, the study shows that 
hospitalized dengue cases are severe illnesses 
with substantial socioeconomic consequences, 
regardless of documentation of plasma leakage 
in the medical record.

As this study was conducted in a single 
rural provincial hospital during only one year, 
generalizations for the entire country require 
caution. The cases involved in this study 
may be less severe than those during other 
years and in other locations, no deaths were 
reported. By contrast, two deaths would have 
been expected in the study cohort based on 
the death rate of 1.7% which was arrived at on 
the basis of the 2001-2005 notifications from 
Phnom Penh and Kandal Provinces.[8] However, 
as over 85% of the Cambodian population 
live in rural areas, and the demographic 
characteristics of our sample resembled that 
of the national reported cases in 2005, we 
believe some overall extrapolations to frame 
the problem of dengue at the national level 
are warranted.

For example, in 2005, Cambodia reported 
9040 hospitalized cases and 155 deaths, 
a fatality rate of 1.7%. Applying our cost 
estimates, the total economic burden of 
hospitalized, reported, non-fatal dengue 
was US$ 917 000, or US$ 0.07 per capita. 
However, this figure does not include estimates 

for under-reporting of hospitalizations, cost of 
ambulatory cases, economic value of dengue 
deaths, or cost of vector control efforts. In 
fact, 90% of the dengue deaths reported in 
Cambodia in 2005 occurred in children aged 
0–9 years, with the average age of death 
being five years. Based on the 2005 country-
specific life tables, for every death there was 
an average loss of 58 years of life.[26]  The total 
years of life lost from reported dengue deaths 
is, therefore, an estimated 7480 person-years. 
These years lost are also associated with lost 
productivity, which implies a considerable 
additional economic loss.

Although we are not aware of any 
other economic studies of dengue costs that 
distinguish costs according to plasma leakage, 
we can compare our results to those from 
other studies on the overall cost of dengue. 
The economic cost per hospitalized case in 
this study (US$ 116) is substantially higher 
than the average costs of previous studies 
of US$ 8[5], 40[6], or 49[7]. A major reason 
for difference is perhaps on account of this 
study’s more comprehensive estimate of the 
government subsidy for hospital costs and 
the quantification of time lost which is not 
directly related to lost income. When costs 
of fatal dengue are factored in, Cambodia’s 
cost per case rises to US$ 265.[27] Compared 
to costs in other Asian countries, however, the 
cost per case in Cambodia is still low. Other 
studies in Dengue Bulletin reported costs per 
hospitalized case of US$ 573 for Thailand[28] 
and US$ 575 for India,[29] and a previous 
publication pegged the figure at US$ 947 for 
Malaysia.[27]

Cambodia’s per capita cost of dengue 
derived here (US$ 0.07 for non-fatal dengue) 
is substantially less than the estimate for 
Cambodia when fatal dengue is included (US$ 
0.20)[27]. It is also below the national figures for 
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Thailand (US$ 0.53) for non-fatal cases only[28] 
or US$ 0.77 including fatal cases,[27] or for that 
of Malaysia at $1.41.[27] Even when results are 
converted to international dollars, the cost per 
case and cost per capita in Cambodia are less 
than half of that for Thailand and Malaysia,[27] 
largely due to Cambodia’s lower per capita 
gross national income with correspondingly 
lower costs of medical care and valuation of 
lost time.

During a more representative outbreak, 
the duration of hospitalization, the hospital 
t reatment resources and tota l  costs 
would likely have been far greater than 
recorded here. Moreover, official reports 
may substantially underestimate the true 
number of dengue cases.[8,30] Hence a more 
comprehensive estimate would require 

incorporating expansion factors to adjust for 
this underreporting. In conclusion, households 
of patients hospitalized for dengue face 
substantial and tangible economic hardship.
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