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Overview article

Cost and burden of dengue and chikungunya from the
Americas to Asia
Donald S. Shepard#
Brandeis University, Waltham, MA., USA

Abstract
The ten studies in this special issue document the substantial and growing burden of dengue in the
Americas, Africa and Asia, and the burden of a chikungunya outbreak in India. Luiz Tadeu Moraes
Figuedo’s paper on dengue in Brazil confirms the country’s worsening trend from 1999–2009, where
cases rose at 6.2% per year and dengue deaths at 12.0% per year. Carmen Perez and co-workers,
reporting on dengue vector control in Puerto Rico, found that 83% of the costs (US$ 1.97 per person
per year) were funded by the lowest and often the least financed level of government: municipalities.
Examining dengue cases imported into France, Guy LaRuche documented the alarming increase in cases
originating from Cote d’Ivoire from only one case in 2006–07 to six cases in 2008. Using modeling and
Monte Carlo simulations, Tiina Murtola and co-authors estimated the “immediate” cost of chikungunya
and dengue in India at US$ 1.48 billion (range US$ 0.64 billion to US$ 3.60 billion). Tapasvi Puwar and
co-workers, reporting on a 2006 household survey in Ahmedabad, found that only 23% of chikungunya
cases sought care in public facilities, so that under-reporting must be considerable. Extending the
analysis of this chikungunyua outbreak, Dileep Mavalankar and co-authors placed its economic cost
at US$ 8.6-US$ 17.3 million. Ami T. Bhavsar and co-authors, studying dengue cases hospitalized at a
private hospital in Surat, India, found that the economic cost of a case averaged US$ 585.57 (US$ 439.44
for direct medical costs and US$ 146.13 for indirect costs). Lee Han Lim and coworkers, estimated
the “immediate” cost of dengue to Malaysia and Thailand at US$ 133 to $135 million, respectively.
Sukhontha Kongsin and co-authors found that on a per capita basis, costs of dengue in Thailand in 2005
averaged US$ 3.55, of which 28% was due to vector control and 72% due to dengue illness. Examining
the burden of dengue on households in Cambodia, Jose A Suaya and co-authors found that and 53%
needed to sell household property to fund dengue treatment. Effective methods to prevent the disease
would, therefore, result in important economic benefits in many tropical countries.
Keywords: Dengue; chikungunya; economic cost; private sector; survey; simulation.

This special issue (2010) addresses the cost and
burden of dengue and chikungunya from the
Americas to Asia.
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this special issue (2010) in recognition of the
importance and growing burden of dengue
and chikungunya. While the combined
efforts of international and national public
health systems have been successful in
controlling many infectious diseases, a few,
unfortunately, remain stubbornly present.
Dengue is among them. Important factors
behind the increase in dengue incidence
are increasing urbanization, crowding, and
spiraling international travel.[1]
Nevertheless new preventive strategies
are now showing promise[1]. A dengue vaccine
is entering Phase 3 clinical testing after
successfully completing Phase 2 clinical testing.
[2-3]
A controlled release to test genetically
modified mosquitoes in Asia is expected to
begin in 2011.[4]
Each of these control measures, however,
requires resources to develop and implement.
Quantification of the disease burden in both
monetary and human terms is a key tool for
health policy-makers. That tool allows them to
assess trends over time, to compare dengue
and chikungunya against other diseases, and to
compare one geographical area with another. It
can also allow health practitioners to compare
one subgroup of patients with another or select
one preventive strategy to guide prevention
and treatment most appropriately.
This special issue examines both dengue
and chikungunya because the two related viral
diseases have similar symptoms of acute fever
and joint pain, and are transmitted by the
same vectors, the mosquitoes Aedes aegypti
and Aedes albopictus (also called the Asian
Tiger Mosquito).
The ten original papers in this special issue
present a series of approaches and findings to
contribute to measuring the cost and burden of
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dengue and chikungunya from the Americas to
Asia. The papers are arranged geographically
from west to east to reflect the longitudinal
scope of these mosquito-borne diseases in the
tropical regions of the world.
The first paper, Dengue in Brazil during
1999–2009: A review by Luiz Tadeu Moraes
Figueiredo, is based on the paper with the
highest western longitude (60o west) in this
special issue. Figueiredo’s paper focuses on
the epidemiology of dengue over an 11-year
period. The data show the remarkable yearto-year variation in incidence of the disease.
The number of reported cases in the year of
highest incidence (718 000 cases) is seven
times the number reported for in the lowest
year (113 000). In addition to the fluctuation,
the author’s trend lines confirm disconcerting
general upward trends corresponding to an
annual rise of 6.2% in dengue cases and 12.0%
in dengue deaths in the country.
The second paper, Economic cost of
dengue public prevention activities in Puerto
Rico by Carmen Perez and colleagues,
does not examine the disease itself, but the
prevention and control activities, primarily
through vector control. Perez and co-authors
report that surveillance and vector control
are implemented and funded through a
combination of two levels of local government:
the affected municipalities and the state
(corresponding to provinces in some other
countries). Across the study years, overall
annual spending in the island totals US$ 1.97
per capita, of which 83% comes from the 12
municipalities with their own programmes
and 17% from the state. Clean-up campaigns
had the highest share of average expenditure,
followed by fumigation, surveillance and
inspection. Puerto Rico’s experience highlights
the importance of the role of multiple levels of
government in dengue prevention.
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The third paper, Increase in dengue fever
imported from Côte d’Ivoire and West Africa to
France, by Guy La Ruche, provides a creative
window on a disturbing trend – the increase in
dengue in Africa. Reports to WHO document
dengue transmission in Africa in recent history
since 1948, with recent major outbreaks in
Cape Verde (peaking in November 2009) and
the Red Sea state of Sudan (peaking in March
2010). Yet the limited dengue diagnostic and
surveillance systems provide few statistics.
Using surveillance from international travellers
for the years immediately preceding these
outbreaks, La Ruche confirms a significant
increase in dengue in Côte d’Ivoire from
only one case in the 18-month study period
in 2006–07 to six cases in 2008. This trend
and the 148 imported cases to metropolitan
France from 2006 to 2008 highlight the value
of international cooperation in studying and
controlling the disease.
The fourth paper, A preliminary estimate
of immediate cost of chikungunya and
dengue to Gujarat, India, by Tiina Murtola
and co-authors, is one of two papers in this
special issue to use Monte Carlo simulations
with existing data to extrapolate the annual
burden of dengue or chikungunya to a state
or national level. To address the fact that
existing surveillance systems capture only a
fraction of the actual cases, this paper develops
the “RUHA” matrix by estimating shares of
reported (R) and unreported (U) hospitalized
(H) and ambulatory (A) dengue cases. The
paper calculates that the immediate cost to
households of chikungunya and dengue in
the state of Gujarat was estimated to be 3.8
(range 1.6–9.1) billion Indian rupees (INR)
per annum.
The fifth paper, Prevalence of chikungunya
in the city of Ahmedabad, India, during the
2006 outbreak: A community-based study,
by Tapasvi Puwar and co-authors, describes
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an extensive household survey of 1301
households across 43 clusters. It ascertained
the magnitude and characteristics of the
disease in the city of 3.5 million persons.
The authors found that 32.9% of the persons
surveyed experienced the disease, of which the
major symptoms were fever, chills, headache,
joint swelling and itching. The prevalence
was higher in slum neighbourhoods (where
more than 40% of the population lived) than
in ones with bungalows and apartments. The
municipal authority officially reported 60 777
cases within the city limits. However, the
survey found that only 23% of cases sought
treatment within public facilities compared
with 68% from private facilities and 9% that
sought no treatment. Thus, they conclude that
the official reports may substantially understate
the total burden of illness.
The sixth paper, Prevalence of various
symptoms and cost of treatment during
chikungunya epidemic in Ahmedabad, Gujarat,
India, in 2006, by Dileep Mavalankar and
co-authors, estimates the economic cost of
the 2006 outbreak of the viral disease with
further analyses of the survey data provided
in the previous paper of Puwar et al. The sixth
paper notes that the disease affected primarily
working-age adults, with the highest number
of cases occurring in the age decade of 30–39.
For this neglected disease in this one city, the
authors estimated that the immediate cost of
the outbreak due to lost wages and treatment
costs was approximately US$ 1.7 million based
only on officially reported cases. Assuming
that the actual number of cases may be 5
to 10 times the reported number, the actual
economic cost of the chikungunya outbreak in
Ahmedabad may have been US$ 8.6 to US$
17.3 million, respectively.
India is also the setting of the seventh
paper, A private hospital-based study assessing
knowledge, attitudes, practices and costs
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associated with dengue illness in Surat, India,
by Ami T. Bhavsar and colleagues. As many
private facilities and their patients are often
reluctant to share their data with researchers,
most studies of disease cost and burden are set
in public facilities. This paper, set in a mediumsized private hospital in the city of Surat in
Gujarat, India, is a welcome exception. The
study found that for an average inpatient
dengue episode in this facility, direct medical
costs averaged US$ 439.44. Indirect costs
added US$ 146.13, bringing the total cost
per case to US$ 585.57. The study’s survey
found considerable scope for enhanced
prevention. Only 25% of respondents correctly
answered that the dengue vector breeds in
clean, stagnant water. Fully 93% of households
stored water for daily use, a practice that
facilitates mosquito breeding. Finally, the
study demonstrates dramatically that dengue
affects all economic strata. Ninety per cent
of hospital patients came from the higher
socioeconomic strata compared with only 39%
of the population in urban Gujarat.
The second paper modelling the economic
impact of data from multiple sources is the
eighth paper in this special issue, Immediate
cost of dengue to Malaysia and Thailand: An
estimate, by Lee Han Lim and co-workers. The
study is notable for deriving comprehensive
estimates of dengue cost in both countries and
exploring the uncertainties in existing data.
The authors found the “immediate” annual
cost of dengue to be in the range of US$ 88
to US$ 215 million (mean of US$ 133 million)
for Malaysia and US$ 56 to US$ 264 million
(mean of US$ 135 million) for Thailand. In
Malaysia, the most important parameters
creating uncertainty in the immediate cost
are the reporting rate, the hospitalization rate,
and cost per ambulatory case. In Thailand,
the corresponding parameters are cost per
ambulatory case, cost per hospitalized case,
and reporting rate. To improve estimates of
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dengue costs, future studies should also refine
the estimates of the hospitalization rate in
Malaysia and the cost per hospitalized case
in Thailand.
Similar to the study from Surat, the ninth
study, Cost of dengue in Thailand by Sukhontha
Kongsin and co-authors, is primarily based on
a facility-level observational study of dengue
patients. The authors found that the economic
cost per non-fatal case in Khon Kaen Provincial
Hospital in 2005 averaged US$ 573. Some
previous economic studies have examined
only household out-of-pocket payments for
treatment. This study measured total resource
use from all sources, including government,
households and employers. On average,
inpatient care cost US$ 418 per case, almost
all is paid for by the government. Ambulatory
care and direct non-medical care (mostly
transportation) averaged US$ 49 and US$ 60
per case, respectively. Further, indirect costs
(the value of time lost) averaged US$ 45 per
case, mostly incurred by households. Thus,
all payers incur substantial costs for a dengue
case. Finally, the paper also estimated the cost
of vector control, an important dimension
that is empirically derived in very few studies.
Overall, per capita costs of dengue in Thailand
in 2005 were US$ 3.55, of which 28% was
due to vector control and 72% due to dengue
illness.
The tenth study, Clinical characterization,
diagnosis and socioeconomic impact of
hospitalized dengue in Cambodia, by Jose
A. Suaya and co-authors, uses the same
data collection instruments and methods
as the ninth paper (from Thailand). When
measured in US dollars, the resource cost
of a hospitalized dengue case in Cambodia
(US$ 116) was substantially less than that
in Thailand. Yet the economic hardship
associated with a dengue hospitalization in
Cambodia was extraordinarily high, with the
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majority (88%) of households having these
cases reporting a substantial adverse economic
impact. For example, to pay for treatment,
39% of the households needed to borrow
money beyond family or friends, and 53%
needed to sell household property. These
adverse effects are the combined results of
considerably lower per capita income and
the requirement in Cambodia that patients
pay out-of-pocket for the majority of hospital

costs, even in a government hospital. Thus,
hospitalized dengue has major clinical and
socioeconomic consequences in Cambodia.
Overall, these ten studies document the
substantial and growing burden of dengue
in the Americas, Africa and Asia. Effective
methods to prevent the disease would,
therefore, result in important economic
benefits in many tropical countries.
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Dengue in Brazil during 1999–2009: A review
Luiz Tadeu Moraes Figueiredo#
Vírus Research Unit of the School of Medicine, University of São Paulo, Ribeirão Preto, Av. Bandeirantes,
3900, 14049-900 Ribeirão Preto, SP, Brazil

Abstract
Over the period 1999 through 2009, the incidence of dengue in Brazil has shown an upward trend
with more than 700 000 cases per year reported during 2002 and 2008. Despite efforts to control
Aedes aegypti, a hyper-endemic situation has remained with large outbreaks involving all the four
dengue serotypes (DENV-1 to 4). The average age of DHF/DSS cases has decreased, making it a disease
affecting children. The number of fatalities has also increased. While other countries in the Americas
have also witnessed an upward trend in case numbers, Brazil has been subject to more extreme peaks.
Other arboviruses also cause sporadic human cases which are commonly confused with dengue and
remain undiagnosed.
Keywords: Dengue outbreaks; DHF/DSS; burden of dengue; Brazil; arbovirus.

Introduction
Brazil, the largest country in South America
(area of 8 512 000 sq. km.), has a population
of 192.9 million,[1] most of them living in urban
areas of large cities infested by the mosquito
Aedes aegypti and having frequent dengue
outbreaks. The first outbreak occurred in
the north-west Amazon region in the state of
Roraima caused by DENV-1 in 1982.[2] Since
then Brazil has become hyper-endemic for
dengue and all the four serotypes (DENV-1
to 4) are circulating in the country. DENV are
60nm spherical enveloped viruses with surface
glycoprotein projections, possessing a singlestranded RNA(+) genome of approximately
11 000 nucleotides. Viruses of the genus
#
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Flavivirus contain a single open reading frame
RNA that encodes the 10 viral proteins,
C-preM-E-NS1-ns2a-ns2b-NS3-ns4a-ns4bNS5.[3]

Epidemiological data
Dengue viruses and the vector Aedes aegypti
have spread throughout the country leading
to outbreaks in all regions, including the
most populated areas of Brazil, as shown in
Figure 1. A sequence of outbreaks has followed
the introduction into the country of DENV-1
genotype II in 1986, DENV-2 genotype I in
1990, and DENV-3 genotype III in 2000.[4]
Recently, DENV-4 has been reported as causing
acute febrile illness in Manaus city in the north
of the country.
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Figure 1: Map of Brazil showing the
circulation of dengue virus serotypes by
macro-region in 2008

Distinct dengue virus serotypes and
genotypes have been observed in molecular
epidemiology studies, spreading from Rio de
Janeiro toward the Northeast and Midwest
in large outbreaks. Dengue viruses have
also spread from Brazil to neighbouring
countries such as Paraguay and Argentina. Two
introductions of DENV-3 into the country were
also observed, in Rio de Janeiro and in the
North, both probably from the Caribbean.[5]
In 2008 DENV-2 genotype I resurfaced in Rio
de Janeiro leading to a huge outbreak with
hundreds of DHF/DSS cases.[6]
About five million dengue cases were
reported in Brazil from 1985 to 2008. [7]
Figure 2 shows that the number of cases has
fluctuated seven-fold from 113 000 to 781 000
cases per year over the period 1999 through
2009. In the years 2002 and 2008, the annual
number of reported dengue cases exceeded

[Source: Brazilian state public health laboratories
(LACEN) and www.santiagosiqueira.pro.br]

Figure 2: Dengue (including DHF) cases in Brazil and elsewhere in the Americas
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Dengue in Brazil during 1999-2009

700 000,[8] and the reported numbers have
shown a general upward trend: an exponential
curve fitted to these data shows a compound
rate of growth of 6.2% per year. Similar data
for nine countries in the Americas (Argentina,
Columbia, Ecuador, El Salvador, Guatemala,
Honduras, Mexico, Peru and Venezuela) with
complete data over the same years show an
even more rapid upward trend (7.4% per
year), but the peak values in Brazil have been
much higher than those in the peak years for
the other countries in the region. In 2009,
however, the cases did not peak in Brazil as
they did for other countries in the region, such
as Argentina, which saw more cases in one
year (25 000) than in the previous 10 years
combined.

The number of deaths from dengue in
Brazil shows a similar upward trend (Figure 3).
Exponential curves show average annual
increases of 12% for Brazil and 38.8% for the
other nine countries in the Americas. The
figure for the highest year in Brazil (317 in
2007) is four times that for the lowest year
(71 in 2004).

Dengue diagnosis
Diagnosis of dengue in Brazil has been made
mostly by enzyme immunoassays detecting
IgM-specific antibodies. Considering the
increased number of dengue secondary
infections it is possible that many patients

Figure 3: Dengue deaths in Brazil and elsewhere in the Americas
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presenting anamnestic responses, with low
anti-dengue IgM serum levels, have been
undiagnosed. In addition, virus isolation has
been performed in only a small number of
samples and diagnosis by reverse transcription
followed by real-time polymerase chain
reaction (RT-PCR) has been sporadic.
To improve dengue diagnosis, Brazilian
authorities could consider more widespread
adoption of at least two routine diagnostic
methods. Ideally, these methods should
be simple, sensitive and able to diagnose
dengue at the onset of symptoms. Examples
are dengue virus NS1 protein detection by
enzyme immunoassay, RT-PCR allowing virus
types and genotypes to be determined, or
RT-PCR allowing determination of the dengue

virus load in the blood.[9] Other useful methods
are serological tests for detection of antidengue IgG antibodies allowing differentiation
between primary and secondary dengue
infections.

Dengue secondary infections
and DHF/DSS
The hyper-endemic dengue situation in Brazil
has led to many secondary infections. In
addition, the presence of DENV-3 genotype
III and DENV-2 genotype I, both virulent,
resulted in an increasing number of dengue
haemorrhagic fever/dengue shock syndrome
(DHF/DSS) cases. During 1999–2000 DHF/
DSS outbreaks were caused by DENV-2,

Figure 4: DHF/DSS cases and deaths reported in Brazil, 1999–2008
3,000

180
2714

DHF Reported Cases
DHF Reported Deaths

2,500

160

2,000

120
1541

100

1395

1,500

80
888

1,000

60
727

679

647

642

Number of DHF deaths

Number of DHF cases

140

40

500
20

81

72
0

0
1999
[2]

2000
[2]

2001
[3]

2002
[3]

2003
[3]

2004
[3]

2005
[3]

2006
[3]

2007
[3]

2008
[2]

Year and predominant dengue virus serotype
(2 denotes dengue virus 2; 3 denotes dengue virus 3)
Note: Data for 2008 are for a partial year.

Source: FVS, Brazilian Ministry of Health

Dengue Bulletin – Volume 34, 2010

9

Dengue in Brazil during 1999-2009

from 2001 to 2007 by DENV-3, and in 2008,
again, by DENV-2. About 10 000 DHF/DSS
cases with 1000 deaths have been reported
in these last 10 years.[6] However, it is possible
that a large number of DHF/DSS cases remain
unreported. Figure 4 presents information
on the number of dengue, DHF/DSS and
fatal dengue cases, as well as the viral types
predominant in each year from 1999 to 2008.
Years with a high number of dengue cases
also tend to experience a larger number of
dengue deaths.
In the last seven years, the average age
of DHF/DSS patients has been decreasing. In
large cities of the North such as Manaus, the
disease is already predominant in children,
and this trend has also been seen in the
Northeast and in Rio de Janeiro.[6] Therefore,
DHF/DSS in Brazil is gradually becoming a
children’s disease, as it is in Asia,[10] although
with a smaller number of patients.

Dengue management and
control
The management of dengue patients, and
especially DHF/DSS cases, has been a
challenge in Brazil. The surveillance data show
that case-fatality rates from DHF have reached
as high as 20 per cent. The programme for
dengue control aims at lowering Aedes aegypti
infestation to under 5% of houses,[11] but the
periodic outbreaks show the challenges in
realizing this goal.

Other arboviruses
A final challenge in managing dengue cases in
Brazil is that many patients with acute febrile
illness diagnosed as having dengue fever are,
probably, infected by other arboviruses. The
nature of these infections remains unknown in
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most cases since the public health authorities
focus on dengue diagnosis. Flaviviruses
such as Saint Louis encephalitis were found
to be causing an outbreak which included
meningoencephalitis cases in São José do Rio
Preto County, in rural Southeastern Brazil, in
2006 and 2007.[12]
Despite the availability of an efficient
vaccine, sylvatic yellow fever remains a
worrisome problem in Brazil. Epizootics of
sylvatic yellow fever were reported in the
South, Southeast and Midwest regions in
2008–2009, and first observed to be causing
a high mortality in sylvatic monkeys followed
by the appearance of human disease: more
than 100 individuals have been assaulted by
yellow fever in the last two years.[13] Likewise,
cacipacore, another flavivirus, has been
reported to be causing acute febrile illness in the
West[14] (Batista W., personal communication
2009). Oropouche orthobunyavirus has
caused outbreaks in Manaus, a large city
and capital of Amazon state (Mourão M.P.,
personal communication 2009) as well as
in Pará[15] and Acre[16] states, during 2006,
2007 and 2008. Mayaro alphavirus is also
producing dozens of acute febrile illness cases
in the North of Brazil (Mourão M.P., personal
communication 2009).

Conclusions
In conclusion, the burden of dengue in Brazil
has increased during the decade 1999–2009.
On average, the number of dengue cases and
numbers of deaths have grown by 6.2% and
12% per year, respectively. These facts suggest
that dengue is becoming more frequent and
more severe. These trends parallel increases
throughout the Americas. In both Brazil and
other countries, the number of both dengue
cases and deaths vary enormously on a yearto-year basis.
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The efforts to control Aedes aegypti
face many challenges, and the four dengue
serotypes continue to cause large and
successive outbreaks, characterizing a hyperendemic situation in Brazil and more widely
in the Americas. With a disproportionate
increase in the number of children affected,
dengue is becoming a children’s disease in
Brazil.

cases in the country. These infections are
commonly confused with dengue and remain
undiagnosed. This should be of concern to
public health authorities, and should stimulate
the use of arbovirus diagnostic methods in
national and state public health laboratories.

Furthermore, other arboviruses such
as yellow fever, Saint Louis encephalitis,
cacipacore, oropouche and mayaro are
also causing outbreaks and sporadic human

The author thanks Clare Hurley, MM, and
Eduardo Undurraga, MA, of Brandeis University
for preparation of figures on the dengue
burden.
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Abstract
Dengue fever has become a major global public health problem in Puerto Rico. Approximately 5000
suspected cases were reported annually between 2002 and 2007. Vector control is currently the only
approach to control the disease and includes prevention education, fumigation, inspections and clean-up
campaigns. The annual cost to the public sector of dengue prevention, which includes surveillance and
vector control activities, was estimated as part of a study of the economic burden of dengue in Puerto
Rico. A telephonic survey was implemented to identify municipalities with vector control programmes
and public agencies with dengue surveillance systems. Onsite interviews were conducted using a
structured questionnaire. The economic cost of dengue was summarized by line item, function and year
from 2002 through 2007. The Puerto Rico Department of Health (PRDH) and 12 municipalities out of
78 conducted vector control activities in different magnitudes during the study years. The cumulative
cost of dengue vector control in the public sector was US$ 46.22 million for the years 2002–2007.
PRDH spent an average of US$ 1.29 million ($0.33 per capita) per year, while the municipalities spent
an average of US$ 6.41 million (US$ 1.64 per capita) per year. Clean-up campaigns had the highest
share of average expenditure, followed by fumigation, surveillance and inspection. Puerto Rico’s per
capita expenditure on dengue prevention activities is similar to that of other countries in the region.
On average, Puerto Rico’s per capita spending on dengue illness is US$ 5.48 compared with US$ 1.97
spent on vector control.
Keywords: Dengue; economic cost; control activities; public exchequer; Puerto Rico.

Introduction
Dengue fever has become a major global
public health problem.[1–6] It has spread to

more than 100 countries within its usual
tropical boundaries with the occurrence of
frequent and cyclical epidemics, and also
beyond to new and hitherto uncharted
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territories such as Africa and West Asia.[7–9]
Studies estimated an annual 50 to 100 million
cases of human infection of dengue fever, of
which 500 000 are of dengue haemorrhagic
fever, and 22 000 deaths occur per year,
mainly in paediatric patients.[7–10]
Dengue is caused by four related, but
antigenically distinct, viruses (DENV-1,
DENV-2, DENV-3 and DENV-4) belonging to
the genus Flavivirus, family Flaviviridae[7,11-14].
Dengue viruses are transmitted in an endemic/
epidemic, human-mosquito-human, rural or
urban cycle by the bite of infected mosquito
vectors from the Aedes family; mainly,
Aedes aegypti and Aedes albopictus. [14-15]
Aedes aegypti is a very effective vector of
dengue viruses and adaptive to exploiting the
domestic environment. Female Aedes aegypti
mosquitoes are very nervous feeders, they can
often discontinue the feeding process and
restart on the same or another individual soon
after. Therefore, a single infected mosquito can
transmit the dengue virus to multiple people
over a short period of time.[14] Additionally,
the female Aedes aegypti almost exclusively
bites humans, most commonly feeds and
rests indoors and is predisposed to lay eggs in
man-made containers commonly found in and
around homes such as flower vases, buckets,
water storage containers, tyres and any trash
items that collect water.[11,15]
Infection with one dengue virus serotype
results in lifelong homotypic immunity. [15]
Cross-protection heterotypic immunity may
last up to a year. [14-16] However, exposed
individuals can theoretically be infected
with all four serotypes with an increased risk
of developing dengue haemorrhagic fever
with subsequent infections.[15,16] From the
epidemiological perspective, dengue includes
four diseases. However, from the clinical
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perspective it is only one with five different
presentations: non-specific febrile illness,
classic dengue fever, dengue hemorrhagic
fever, dengue shock syndrome and other
severe dengue syndromes.[14]
Potential approaches to reduce dengue
infection include reduction of mosquito
abundance, prevention of contact between the
vector and humans, genetically manipulated
vector mosquito and vaccine.[11,15] Currently,
the only available control strategies are
reducing mosquito abundance, reducing adult
mosquito lifespan and preventing mosquitohuman contact. Despite tremendous efforts
by public health organizations in dengue
endemic countries to achieve effective and
sustainable control of Aedes aegypti, and
thereby the outbreak of dengue cases, these
efforts were very difficult to sustain due to
uncontrolled urbanization, global spread of
dengue viruses, lack of adequate resources
for vector and dengue control programmes,
the use of ineffective vector control methods,
passive surveillance systems, the failure
of governments to utilize data from active
surveillance systems when available, and
the need for substantial regional efforts to
eliminate the vector in some regions.[2,3,4]
Several approaches to eliminate the
dengue vector have been implemented
with various degrees of success. Findings
on the effectiveness of these approaches
are inconsistent. Many studies reported an
effective reduction in the vector population
using a community-based integrated approach
tailored to local eco-epidemiological and
sociocultural settings. This approach includes
an educational component to increase
knowledge and understanding of best practices.
[17-19]
A recent evaluation of larviciding from
Cambodia found the programme effective
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and cheaper in reducing dengue cases.[20]
However, a recent systematic review found
weak evidence that community-based dengue
control programme alone or in combination
with other control activities can enhance
the effectiveness of the dengue control
programme.[21]
Puerto Rico gives an excellent example
to study vector control costs. It has a passive
and active surveillance system with strong
laboratory capabilities in both serology and
virology, although it lacks the ability to predict
an epidemic. Dengue is a major public health
concern in Puerto Rico. According to the
Dengue Branch of the Centers for Disease
Control and Prevention (CDC) in Puerto
Rico, 30 482 suspected dengue cases were
reported between 2002 and 2007. Of these,
9738 were confirmed dengue cases, with
nearly 2.3% developing dengue haemorrhagic
fever (DHF). In 2007, due to an island-wide
dengue outbreak, 10 508 suspected dengue
cases were reported, of which 3294 were
dengue confirmed cases and 2.6% of the
cases were DHF. The general infection rate
was 8.6 laboratory-positive cases per 10 000
population in 2007, and the severity of dengue
has been increasing in Puerto Rico.[22]
In Puerto Rico, the vector control activities
are carried out primarily by the Puerto Rico
Department of Health (PRDH), which is
responsible for island-wide outdoor fumigation
to control Aedes aegypti adult population and
premise inspection, and larviciding to control
aquatic phases and larval habitats for the
vector mosquito. Additionally, educational
campaigns and epidemiological surveillance
are conducted by the PRDH with support
from the CDC’s Dengue Branch. In addition
to PRDH and CDC’s Dengue Branch, several
island municipalities have vector control
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programmes. Combined PRDH and these
municipalities create the public vector control
sector in Puerto Rico.
The PRDH is the official organization
responsible for disease prevention; its total
per capita expenditure in controlling infectious
diseases (of which dengue is one) for the
year 2009 was US$ 217.51. In comparison,
the overall PRDH per capita expenditure
on tuberculosis for 2009 was US$ 0.21 and
US$ 0.06 for diabetes, (Unpublished data,
PRDH, 2009).
Providing information on the cost of these
activities is informative for policy-makers to
allocate and/or reallocate scarce resources to
projects which have the greatest benefit to
society. Such data are also needed to balance
existing and new potential strategies (e.g.,
vaccine and novel vector control technologies)
against dengue, and to compare dengue
with other diseases. Although studies from
other localities, such as Panama and Thailand
have emerged,[22,23] no previous report of the
costs of vector control in Puerto Rico had
been prepared. Therefore, it is important to
understand the current structure of dengue
prevention activities, including vector control
activities, and the services provided covering
the cost of different vector control activities to
mitigate the disease or estimate the associated
costs of the same in Puerto Rico.
This paper presents a comprehensive
analysis of dengue prevention activities,
including vector control in Puerto Rico. It
defines the main players involved in these
activities and estimates the cost of these
activities over a six-year period. This study
is part of the economic burden of dengue
in Puerto Rico, and seeks to inform future
policy.
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Materials and methods
This retrospective descriptive study was
conducted between April 2009 and June
2010 to estimate the annual cost of dengue
prevention activities, including surveillance
and vector control initiatives conducted in
Puerto Rico during the years 2002 through
2007. Each of the 78 municipalities was
contacted by telephone to determine which
ones had carried out an active vector control
programme during the study period.
Based on pilot studies in 2006 and 2008,
a structured questionnaire was developed
for collecting cost data from the PRDH and
these jurisdictions. The questionnaire was
divided into four parts. The first dealt with
personnel cost, type of activities preformed
by each worker and the time and effort
allocated to dengue prevention activities. The
second dealt with recurrent costs, including
cost of chemicals used; personal protection
equipment; maintenance of the buildings,
vehicles and fumigation equipment; insurance
of the buildings, vehicles and equipment;
utilities, education materials, the aggregate
cost of clean-up campaigns allocated to
dengue, office supplies, advertisements and
fuel. The third part focused on the amortized
capital cost of buildings, spraying and fogging
equipment, vehicles, laboratory equipment,
and office equipment including computers
and software. The fourth and final part
requested data on the type and number of
activities undertaken during the study years.
Inputs from other institutions, volunteer efforts
and donations to activities designed to control
dengue were also tallied.
The questionnaire was validated by review
of officials from Carolina, the municipality
with the largest programme, and sent to each
jurisdiction by e-mail, mail and fax prior to an
onsite personal interview. The onsite interviews

16

were conducted between May 2009 and May
2010 with vector control personnel from the
PRDH and the active municipalities. For each
jurisdiction, an average of four visits were
needed to interview executive directors and
other key personnel to determine the level of
effort given to dengue prevention and collect
the cost data. Breakdowns of all resources
were also estimated according to the following
functions: inspections, fumigation, education,
clean-up campaigns, surveillance and general
management.
Inspections denote visits to premises
where a dengue case or a mosquito-larval
habitat had been identified through a resident
complaint or a vector control inspector.
Whenever possible, the larval habitat (e.g.
location of standing water) was removed or
destroyed. When destruction is not possible,
a larvicide is applied.
Fumigation refers to outdoor spraying of
insecticides (malathion, permethrin, aqualeur,
etc.) with ultra-low volume (ULV) foggers or
thermal fogging machine mounted on pickup trucks. Fumigations take place according
to the daily schedule in some municipalities
or during a local or national outbreak when
authorized by a municipal mayor or the
PRDH, or in response to residents’ complaints
about increased mosquito populations.
Educational efforts include the preparation
of leaflets, brochures, posters, videos,
documentaries, newspaper articles, public
service announcements on television and
radio spots with the purpose of informing
and educating the population about dengue,
disease outbreaks and its prevention.
Clean-up campaigns are conducted
by the Waste Management Program of the
municipalities to collect potential larval habitats
for Aedes aegypti, in addition to its main
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purpose of maintaining a clean environment
in the cities. During a dengue outbreak, cleanup campaigns are organized by the municipal
health officials and vector control programme
personnel within the collaboration with other
municipal employees.
Surveillance denotes collecting, analysing
and reporting the results from blood sample
tests received from private and public clinics
and hospitals island-wide, usually run by CDC/
PRDH Passive Dengue Surveillance System.
General management refers to the
facilitation of specific dengue prevention
activities such as receiving complaints,
scheduling inspection visits and larviciding
of premises, educational activities, and
fumigation. Purchase of vector control
equipment and supplies as well as printing
of educational materials, management
and transportation of blood samples and
reporting are also part of general management
activities.

Results
All 78 municipalities responded to the
telephonic interviews. The results of these
interviews highlighted that in addition to
PRDH, 12 municipalities have vector control
programmes, and all have at least three
activities to control and prevent dengue,
namely outdoor fumigation, educational
activities and clean-up campaigns. The
history and magnitude of dengue vector
control activities varies across jurisdiction;
the programmes were well established in
Guaynabo and Carolina while Ponce and
Bayamon initiated their programmes in 2003.
While all jurisdictions were active in clean-up
campaigns, the Bayamon programme started
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in 2004, Lajas in 2005, Toa Baja in 2006
and Juana Diaz in 2007. Manati started their
fumigation programme in 2006. Table 1 lists
municipalities with dengue vector control
programmes and the PRDH, their vector
control activities, and the average population
they served between 2002 and 2007.
The funding and implementation of
vector control is decentralized in Puerto
Rico. The state pays, through the PRDH,
for 16.8% of the total public expenditure of
dengue prevention activities, while the 12
municipalities pay the overwhelming share of
83.2%. The PRDH spent an average US$ 1.29
million per year (US$ 0.33 per capita) while
the 12 municipalities spent on average US$
6.41 million per year (US$ 1.64 per capita).
The results illustrate that only Carolina and
Guaynabo have comprehensive vector control
programmes, including fumigation, cleanup campaigns, inspection and surveillance,
while the other ten municipalities have more
limited programmes in terms of their scope
and continuity of services, and the degree of
focus on fumigation, education and clean-up
campaigns.
As illustrated in Table 2, the cumulative
six-year cost of dengue vector control in the
public sector was US$ 46.22 million for the
years 2002 to 2007. The annual expense
increased gradually from US$ 6.49 million
(US$ 1.68 per capita) in 2002 to US$ 9.41
million (US$ 2.39 per capita) in 2007 due
to the introduction of new vector control
programmes in some municipalities and the
expansion of existing vector control activities in
others in response to an island-wide epidemic
in 2007. The average annual cost of dengue
vector control for 2002–2007 was US$ 7.70
million per year (US$ 1.97 per capita).
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Table 1: Dengue prevention activities by jurisdiction and population served

Jurisdiction

Fumigation

Inspections

Surveillance

Education

Puerto Rico
Department
of Health

X

X

X

X

Clean-up
campaigns

Population
average
(2002–
2007)*

Population
(%)

3 901 234

100

Municipality
.Bayamón

X

X

X

222 350

5.70

.Cabo Rojo

X

X

X

50 894

1.30

.Carolina

X

X

X

X

187 314

4.80

.Dorado

X

X

X

35 575

0.91

.Guayanilla

X

X

X

23 569

0.60

.Guaynabo

X

X

X

102 088

2.62

.Juana Díaz

X

X

X

52 224

1.34

.Lajas

X

X

X

27 316

0.70

.Manatí

X

X

X

48 114

1.23

.Ponce

X

X

X

182 659

4.68

.Salinas

X

X

X

31 784

0.81

.Toa Baja

X

X

X

94 814

2.43

X

X

X

*Source: Population Division, U.S. Census Bureau. Release Date: 19 March 2009.

As shown in Figure 1, among the
municipalities, Carolina had the highest
average expenditure (US$ 4.197 million per
year or US$ 22.41 per capita), while Juana
Díaz had the lowest average expenditure (US$
21 266 per year, or US$ 0.41 per capita). The
range in per capita spending is enormous; with
figures for the highest municipality (Carolina)
being fifty times that of the lowest (Juana Diaz).
As clean-up campaigns are often a particularly
effective strategy, Carolina is noteworthy
for spending 92% of its annual expenditure
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on this function. In contrast, the other 11
municipalities had an average annual budget
of US$ 104 553 of which 52% was spent on
clean-up campaigns. Supplementary tables
illustrating the breakdown of vector control
activities by the municipalities classified by
line item, function and year are available on
request.
Analysing costs according to the line item
reveals that recurrent costs were the highest,
with an average of US$ 5.57 million per year
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Table 2: Expenditure on dengue control by year and jurisdiction, 2002–2007 (in US$)
Jurisdiction
PRDH*

2002

2003

2004

2005

1 329 191

1 404 541

1 412 076

977 661

2006

2007

1 034 167

1 621 606

Total

Average

7 779 243

1 296 540

Municipality
Bayamon

0

124 765

190 834

235 214

253 089

265 466

1 069 369

178 228

128 796

129 293

129 769

136 589

142 763

148 659

815 870

135 978

Carolina

3 599 397

3 787 785

4 006 174

4 389 204

4 544 182

4 859 969

25 186 711

4 197 785

Dorado

121 970

157 966

142 980

149 840

163 335

188 123

924 215

154 036

Guayanilla

56 038

62 906

62 248

66 475

66 733

68 172

382 571

63 762

Guaynabo

328 357

310 252

315 294

318 474

313 105

370 786

1 956 269

326 045

Juana Diaz

18 715

19 573

19 532

22 433

22 618

24 724

127 594

21 266

0

0

0

162 749

164 980

174 172

501 900

83 650

683 106

622 507

603 926

671 557

720 659

856 871

4 158 626

693 104

Ponce

0

97 018

286 999

295 704

309 234

394 216

1 383 171

230 528

Salinas

151 820

169 911

199 841

212 709

234 993

236 981

1 206 255

201 043

73 227

86 935

81 380

91 082

191 965

203 852

728 440

121 407

6 490 618

6 973 452

7 451 053

7 729 690

8 161 824

9 413 598

46 220 234

7 703 372

Cabo Rojo

Lajas
Manati

Toa Baja
Total

*PRDH denotes Puerto Rico Department of Health.

Figure 1: Annual per capita spending on dengue prevention activities
by jurisdiction, 2002–2007 (in US$)
$25

$22.41

Average US$ 1.97 per capita

$20
$14.39

$15
$10

$1.26

$1.28

Juana Diaz

Bayamon
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Toa Baja

$2.67
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$3.04

$3.19

Guaynabo

$0.80
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Guayanilla

$0.33

Department
of Health
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$6.32
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(72%); followed by personnel, with an average
of US$ 1.91 million per year (25%); and
amortized capital costs averaging US$ 0.22
million per year (3%). The breakdown of cost
across line items is illustrated in Figure 2.
Figure 2: Average annual spending on
dengue prevention activities by line item,
2002–2007
Capital cost,
$224 297, 3%

Figure 3 shows the breakdown of annual
expenditure on dengue control by function.
Clean-up campaigns had the highest annual
average expenditure of US$ 4.99 million per
year (65%), followed by fumigation with an
average of US$ 1.01 million per year (13%),
surveillance with an average of US$ 0.73
million per year (9%), and inspection with an
average of US$ 0.43 million per year (6%),
while education had the lowest expenditure
with US$ 0.18 million per year (2%). Table 3
shows the average annual expenditure jointly
by function and jurisdiction. It indicates that
clean-up campaigns are the most variable
component of costs.

Personnel cost,
$1 913 679, 25%

Discussion
The overall results suggest that the public
expenditure on dengue prevention activities
in Puerto Rico, which is US$ 7.73 million (US$
1.97 per capita), is broadly comparable to that
of other countries in the region. For example,
Panama spent US$ 5 million (US$ 1.56 per

Recurrent cost,
$5 565 396, 72%

Figure 3: Average annual spending on dengue prevention activities by function, 2002–2007
General management
(5%), US$ 366 642

Fumigation (13%),
US$ 1 008 904
Inspection (6%),
US$ 426 464
Surveillance (9%),
US$ 726 576

Education (2%), US$ 176 780

Clean up campaigns
(65%), US$ 4 998 007
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capita) during the epidemic year 2005, Brazil
budgeted US$ 0.6 billion (US$ 3.61 per capita)
for vector control in 1997, and the Brazilian
state of Sao Paolo spent US$ 12.5 million (US$
1.14 per capita) in 2005.[19,22,24] The additional
cost of dengue prevention was studied in a few
other countries including Cambodia where the
annual vector control campaigns, focusing on
larvicide and communication in Phnom Penh
and Kandal (PP&K), cost US$ 0.6 million (US$
0.2 per person living in PP&K).[19]
To help sustain and improve dengue
prevention activities, policy-makers need to
understand the economic cost of dengue
illness as well as the cost structure of the
current vector control and surveillance
programmes in the country. Recent literature
provides a few examples of costs of dengue in
endemic countries in the Americas. The total
impact of dengue illness in the Americas is
estimated at US$ 2.1 billion per year.[25] The
economic impact of dengue illness for officially
reported dengue cases in five countries in the
Americas was estimated to range from US$
135.2 million in Brazil to US$ 0.9 million in
Panama. In three other countries, the costs
were US$ 10.2 million in Venezuela, US$ 1.7
million in El Salvador, and US$ 1.2 million in
Guatemala.[26]
The variability among municipalities in per
capita costs deserves further investigation. The
per capita cost of vector control in Carolina
is 11 times the average cost of US$ 1.97,
followed by Manati which spent seven times
the national average. DHPR spent only one
sixth of the average national expenditure on
dengue vector control followed by Juana Diaz
which spent one fifth of the national average
on vector control.
The high level of spending in some
municipalities of Puerto Rico on dengue vector
control currently indicates the economic
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importance of the disease. The results
underscore the value estimated through
studying alternative technologies, including
vaccines, personal protection methods against
mosquito bites, and new vector control
approaches, which collectively can help
reduce the transmission and severity of this
disease. This variability between municipalities
illustrates their perspective on the importance
of dengue compared with other public health
problems and constraints that they face in
prioritizing available resources. This natural
variability provides an opportunity for further
research to inform policy-makers about
the effectiveness of various vector control
strategies implemented in these jurisdictions.
One limitation in this analysis is that the
municipalities reported costs of clean-up
campaigns only as lump-sum amounts. The
reporting did not distinguish components
within these aggregates, such as personnel,
materials, transportation, etc. If more detailed
data were available, the recurrent costs would
have been smaller and the personnel costs
larger. This limitation affects the breakdown
by line item, but not the overall cost of
dengue control. As part of the national effort
to control dengue, CDC Dengue Branch
helps support dengue surveillance. This cost
was not included in this analysis. Therefore,
the total cost of dengue prevention may be
underestimated.
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Abstract
Dengue is usually not considered a significant health problem in Africa because severe forms of dengue
illness are rarely reported. In the absence of local surveillance data, the investigation of dengue cases
imported to France contributed to document the circulation of dengue virus in this area. From 1 July
2006 to 31 December 2008, a total of 148 dengue cases imported to metropolitan France were
reported through the mandatory notification system. Arthralgia and signs of severity (haemorrhage,
thrombocytopenia) were less frequent in patients returning from West African countries. DENV-3 was
isolated in two patients from Côte d’Ivoire in 2008. The number and proportion of patients returning
from Côte d’Ivoire to France increased significantly in 2008 compared with the previous 18-month
period. In parallel, the marginal increase in air travel does not explain the high increase observed in
imported dengue cases to France. Our data illustrate increased dengue circulation and the emergence
of DENV-3 in this area, with public health implications for epidemiological surveillance and case
management locally.
Keywords: Dengue; West Africa; Côte d’Ivoire; France; mandatory reporting; DENV-3.

Introduction
The genus Flavivirus includes pathogens with
a huge impact on human health through
diseases such as yellow fever, West Nile fever
#

and dengue fever. Dengue can be caused by
one of the four distinct serotypes of dengue
virus (DENV). The transmission of dengue
serotype 2 (DENV-2) in an enzootic cycle
involving monkeys and several species of
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mosquitoes has been documented in West
African forests.[1,2] In West African countries
(WAC), dengue can also occasionally be
transmitted in an urban cycle involving humans
and anthropophilic mosquitoes belonging to
Aedes spp.[1,3] Little information, however, is
available on the magnitude of transmission
in urban environments in WAC. In the past
20 years, serosurveys evidenced circulation
of mainly DENV-2 in WAC, especially in
Senegal.[4,5] DENV-4 has also been isolated in
Dakar residents.[4] Ten years ago, DENV-1 was
isolated from a French soldier living in Abidjan,
Côte d’Ivoire.[6] In the context of a yellow fever
epidemic lasting from April to July 2008 in
Abidjan, DENV-3 was typed by polymerase
chain reaction (PCR) in one patient returning
from Abidjan to France[7,8] and one returning
to Japan[9]. To our knowledge, DENV-3 has not
been previously isolated in patients from West
African countries.

Material and methods

Dengue is usually not considered a
significant health problem in Africa because
severe forms of dengue illness are rarely
reported [10]. In a context of high malaria
incidence and in the absence of denguespecific preventive or curative treatments, most
West African countries have not implemented
specific dengue surveillance systems and
often lack laboratory capacity to diagnose
dengue infection. The circulation of dengue
viruses in the area is likely, therefore, to be
underestimated. Furthermore, the introduction
of a new serotype, previously observed in the
Americas, Asia, the South Pacific and East
Africa[11], but never in West African countries,
could have an important epidemic potential
and be associated with a higher proportion
of secondary infections and severe forms.[12,13]
In the absence of local surveillance data,
the investigation of imported dengue cases
to France contributes towards documenting
dengue virus circulation in this area.

Results
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Notification by French physicians of clinically
confirmed dengue infections became
mandatory in July 2006 for surveillance
purposes and to guide intervention in some
French départements where Aedes albopictus, a
potential vector of dengue virus, is established.
Notifications seek to document viraemic cases
and apply only to recent infections, i.e. cases
where the onset of symptoms is less than seven
days old. Cases are confirmed either by PCR
or by serology (detection of dengue-specific
IgM). This information is centralized by the
Institut de Veille Sanitaire, the French institute
for public health surveillance. We compared
the characteristics of the patients returning to
metropolitan France (continental France and
Corsica) from West African countries or from
other countries.

From 1 July 2006 to 31 December 2008, a total
of 148 dengue cases imported to metropolitan
France (mainland France plus Corsica) were
reported through the mandatory notification
system. Of these patients, 69 (47%) came
from the French Overseas Territories (58
from French West Indies, eight from French
Polynesia, two from French Guiana and one
from La Reunion Island), 42 (28%) came from
Asia, 21 (14%) from Africa (16 from West
Africa, four from Central Africa and one from
East Africa) and 16 (11%) from South America
and the Caribbean. Imported cases from Asia
and from Africa increased whereas those from
the French Overseas Territories and from South
America and the Caribbean decreased in 2008
as compared with 2006–2007 (Figure 1).
Among the 16 imported cases from
West Africa (Figure 2), seven came from
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Figure 1: Mandatory notification of imported dengue cases to metropolitan France from July
2006 to December 2008, classified by region and year of acquisition
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Figure 2: Imported dengue cases from West African countries to metropolitan France notified
from July 2006 to December 2008
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Côte d’Ivoire, four from Burkina Faso, three
from Mali, two from Senegal and one from
Togo (one of these patients returned from
a trip to Mali and Côte d’Ivoire); one case
was reported in 2006, three cases in 2007
and 12 cases in 2008, a 300% increase in
2008 compared with 2006–2007. The six
patients returning from Côte d’Ivoire in 2008
were individually contacted to document
the places visited during their stay in that
country. During the 15 days before the onset
of symptoms, corresponding to the maximal
incubation period, four of the six patients
stayed exclusively in Abidjan whereas the
remaining two stayed in Abidjan and GrandBassam, located along the coast at about 40
km from Abidjan.
The number and the proportion of
patients returning from Côte d’Ivoire increased

significantly in 2008 compared with the
previous 18 months. The increase was not
statistically significant considering the patients
returning from West African countries other
than Côte d’Ivoire (Table 1). Data from the
French Civil Aviation Authority show a relative
stability in the number of air travellers between
France and the West African countries where
dengue cases were imported (+4.3% in 2008
compared with 2006–2007, see Figure 3) and
an increase of 20.0% in air travellers between
France and Côte d’Ivoire in 2008 compared
with 2006–2007. This slight increase in air
travel does not explain the high increase
observed in imported dengue cases to France
(Table 1).
Baseline characteristics of the patients in
terms of sex and age were similar in patients
from West African countries when compared

No. of dengue cases from
West African countries

300 000
4
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3

200 000
150 000

2
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Figure 3: Quarterly number of imported dengue cases from West African countries to France
(bars) and quarterly number of air travellers between West African countries and France
(curve), July 2006 – December 2008

Quarter
West African countries with imported dengue cases include Burkina Faso, Côte d’Ivoire, Mali, Senegal and Togo.
Air travellers are from or to these West African countries.
(Source for air travellers: French Civil Aviation Authority, 2009)
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Table 1: Mandatory notification of imported dengue cases to metropolitan France from July
2006 to December 2008, according to the period of acquisition
No. cases in the countries of travela
Period of acquisition

Total of imported cases (%)

Number of air travellersb

Côte d’Ivoire

West Africa
excluding Côte
d’Ivoire

Côte d’Ivoire

West Africa
excluding Côte
d’Ivoire

Jul. 2006 – Dec. 2007

1/86 (1.1)

3/86 (3.5)

1/248 854

3/1 348 514

2008

6/62 (9.7)

6/62 (9.7)

6/199 053

6/911 425

0.022

0.11

0.033

0.10

P-valuec

West African countries with imported dengue cases include Burkina Faso, Côte d’Ivoire, Mali, Senegal and Togo.
Air travellers from or to the West African countries listed above.
c
Comparison of percentages between the two periods by Fisher’s exact test or Chi-square test.
(Source for air travellers: French Civil Aviation Authority, 2009)
a

b

with patients returning from other countries.
Pain, particularly arthralgia, was significantly
less frequent in patients returning from
West African countries. Signs of severity
(haemorrhage, thrombocytopenia) seemed
less frequent in patients returning from WAC,
but the difference between the two groups
did not reach statistical significance. Finally,
two third of the patients were hospitalized
(Table 2).
Although biological diagnosis was
performed either by PCR or by serology,
dengue serotype determination by RT-PCR
was only performed in three patients from
WAC. DENV-1 was isolated in a patient
from Burkina Faso in 2007, and DENV-3 was
isolated in two patients from Côte d’Ivoire in
2008. For one of the DENV-3-infected patients
returning to France in June 2008, data from
the gene sequence of the protein E (GenBank
accession no. FM213456) showed that this
isolate presented a very strong identity (99.6%)
with the sequence of the Japanese patient
isolate.[9] A phylogenetic analysis limited to

28

this region of the genome has shown that
these two isolates are very likely related (an
average of 99.2% identity) to the 2004 Saudi
Arabia DENV-3 strain.

Discussion
There is a possible limitation to our study:
we have no information on the completeness
of the mandatory notification, which may
be low in France, particularly during the first
months after its introduction in 2006. The high
proportion of hospital admissions may reflect
better participation of hospital physicians
compared with general practitioners. The lack
of completeness, however, is probably not
linked to the country of acquisition; if there is
incomplete notification then it is regarding the
overall number of dengue cases imported to
France, which may be underestimated.
Several factors contribute to an
underestimation of the disease burden due
to dengue infection in West Africa. Firstly,
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Table 2: Dengue patient’s characteristics according to the place of acquisition,
July 2006–December 2008
Place of travel
Characteristic

West Africaa
n=16

Elsewhere
n=132

P-valueb

56.3%

47.7%

0.52

51 years (19-71)

41 years (7-67)

0.29

87.5%

99.2%

0.03

Myalgia

53.8%

62.7%

0.37

Headache

30.8%

49.1%

0.21

Arthralgia

7.7%

40.0%

0.02

Abdominal pain

15.4%

7.3%

0.29

Minor haemorrhagic symptoms

12.5%

28.7%

0.14

Major haemorrhagic symptoms

0.0%

2.6%

0.69

Platelets ≤100,000/mL

26.7%

49.2%

0.10

Hospitalization

75.0%

61.3%

0.29

Male
Median age (range)
Pain

West African countries with imported dengue cases include Burkina Faso, Côte d’Ivoire, Mali, Senegal and Togo.
Comparison of percentages between the two periods by Fisher’s exact test or Chi-square test; bold face represents a
statistically significant result (P<0.05).
a

b

disease surveillance data and systems are often
lacking. Furthermore, limited access to health
care may hinder the detection of symptomatic
cases in West African countries. Finally, dengue
infection diagnosis is difficult as it is often
asymptomatic, and misdiagnoses are frequent
because symptoms are non-specific and severe
forms infrequent among imported cases, as
suggested by a low frequency of haemorrhagic
forms reported in our study, and tests are not
widely available.
Surveillance of imported cases of infectious
diseases among travellers to developed
countries can be used for the early detection
of epidemic activity in specific areas, as
shown by our study and other published
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studies.[14,15] Despite probable incompleteness,
the mandatory notification surveillance
system in France allows monitoring the trends
of imported dengue cases from countries
worldwide, especially those which lack
surveillance systems for dengue.
Since the beginning of 2008, dengue cases
imported from West Africa, particularly from
Côte d’Ivoire, are increasing. We conclude
that this is due to increased dengue circulation
in this area. This information was shared
with the World Health Organization and
local authorities, resulting in an investigation
in Abidjan by the Global Outbreak Alert
and Response Network. This investigation
confirmed the emerging of DENV-3 and led
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to the transfer of technology for laboratory
diagnosis in Abidjan.[16]
The introduction of a new serotype may
cause important epidemics and be associated
with a higher proportion of severe forms in case
of secondary dengue, i.e. sequential infection
with two serotypes. This may especially be
true because DENV-3 has previously been
associated with high-severity outbreaks in
many countries[11] and because it was isolated
in the few severe forms ever reported in
Africa. [13] These data have public health
implications for epidemiological surveillance

and management of patients locally. Further
study is needed on the epidemiology and
seasonal patterns of the four dengue serotypes
in West African countries.[14]
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Abstract
This study aims to provide a preliminary estimate of the immediate cost of chikungunya and dengue to
household in the Indian state of Gujarat. Combining nine earlier studies and data from interviews, we
analysed the costs of non-fatal illness and of intervention programmes; building a more comprehensive
picture of the immediate cost of these Aedes aegypti mosquito-borne diseases to Gujarat. The “RUHA
matrix” was used to estimate the cost of illness by combining the shares of reported (R) and unreported (U)
hospitalized (H) and ambulatory (A) cases of chikungunya and dengue with ambulatory and hospitalization
costs per case and the number of reported cases. Using Monte Carlo sensitivity analysis, the immediate
cost to households incurred on account of chikungunya and dengue to Gujarat was estimated to be
3.8 (range 1.6–9.1) billion Indian rupees (INR) per annum (US$ 90 million, range US$ 38 and US$ 217
million). It is hoped that this preliminary estimate will trigger more refined studies on cost of illness as well
as cost-effectiveness of vaccines and other interventions to combat these neglected tropical diseases.
Keywords: Burden of illness; chikungunya; dengue; immediate cost; Monte Carlo analysis; RUHA matrix;
Gujarat.
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Introduction
The number of dengue cases in the state of
Gujarat, India, has followed an increasing
trend since 2004. Several studies have
estimated the costs of illness associated with
dengue or chikungunya in different states of
India, but the cost factors included tend to
vary from study to study. In this paper, we
make a preliminary estimate of the immediate
cost of chikungunya and dengue to the state
of Gujarat by combining available studies to
include all major cost factors. Furthermore,
we also analyse control costs to form a more
comprehensive picture of the cost of these
Aedes mosquito-borne diseases.

Materials and methods
The key components of the immediate cost
of chikungunya and dengue to a society
are: (i) cost of non-fatal illness; and (ii) cost
of intervention programmes, which include
vector control on Aedes mosquito, a fraction of
the household insecticide market, and cost of
research and development. Data on each cost
parameter was collected from published and
unpublished studies and from interviews with
local authorities. Where direct data was not
available, trends from other Asian countries
were used. All cost estimates were inflationadjusted to 2008 Indian rupees (INR). Costs
in different countries were compared at the
rate of 2008 US dollars (US$) and an exchange
rate of 42 INR/US$ was used.
Cost of illness was estimated by combining
reported cases, and costs per case with a RUHA
matrix (defined below). Data on reported
dengue cases for the years 2003–2008 was
used to adjust for year-to-year variations
caused by the cyclical nature of dengue.(1)
Chikungunya cases for 2006–08 were used
to estimate the burden of an outbreak,
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which is assumed to occur cyclically.(2,3) Costs
per ambulatory and hospitalized case were
obtained from published and unpublished
studies, which were compared with and
combined to ensure consistency in factors
included in the costs. The shares of reported
(R) and unreported (U) hospitalized (H) and
ambulatory (A) cases were estimated based
on published literature and local information,
and used to construct a RUHA matrix. For
this study, chikungunya and dengue were
assumed to be identical from the point of view
of disease control and management.
Monte Carlo sensitivity analysis was
carried out (@Risk software version 5.0.1,
Palisade Corporation, USA) to find out how
uncertainties in each cost parameter affect
the total cost to households of chikungunya
and dengue. Sixty-five simulations, each with
10 000 iterations, were used, and for each
iteration all parameters were independently
drawn from Beta-PERT distribution. Beta-PERT
was chosen because it places less emphasis on
the direction of any possible skew compared
to triangular distribution, but it is defined using
the same parameters (minimum, most likely
and maximum), which are easily understood
and uncomplicated to estimate.(4)

Results
Reported cases
The number of dengue cases in Gujarat
reported by India’s National Vector Borne
Disease Control Programme (NVBDCP) has
followed an increasing trend since 2004
(Figure 1). In the years 2003–2008 the number
of reported dengue cases has varied from
117 to 1023 with an annual average of 493.
There was a major outbreak of chikungunya in
Gujarat in 2006 with 76 012 reported cases,
which declined to 3223 and 246 cases in 2007
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Figure 1: Dengue cases in Gujarat
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Source: NVBDCP, Government of India (since this article was written, the number of reported dengue cases have
gone up to 2461 in 2009 and 2568 in 2010).

and 2008, respectively (Source: NVBDCP).
These three years were taken to represent the
burden of a chikungunya epidemic, and the
annual cost of chikungunya was calculated
by assuming that similar epidemic peaks
followed by two-year tails occur every seven
years (range 4–20 considered). (2,3) Some
discrepancies were noted between local and
national data on reported cases, and these
were taken into account in the Monte Carlo
analysis.

Cost per case data
Costs per hospitalized and ambulatory case
were derived from published and unpublished
studies. The studies were compared to identify
differences in cost factors included, and then
combined to make cost estimates that include
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all main factors. The resulting minimum, most
likely and maximum values for direct (including
medical and non-medical) cost and indirect cost
are shown in Table 1. The most likely values for
costs per case in Gujarat sum up to US$ 300 and
US$ 64 for hospitalized and ambulatory cases,
respectively. These are generally consistent with
those worked out by Suaya et al. in Malaysia
(US$ 1259 and US$ 422, hospitalized and
ambulatory, respectively)(5) when taking into
account Malaysia’s roughly five times higher
GDP per capita.

RUHA matrix
The RUHA matrix in Table 2 shows the
characteristics of chikungunya and dengue
cases in Gujarat. It has been constructed from
the following data:

Dengue Bulletin – Volume 34, 2010

Preliminary estimate of immediate cost of chikungunya and dengue to Gujarat, India

Table 1: Costs per hospitalized and ambulatory case(6-9)
(studies referred at 6–9)
Cost component

Cost per case (INR)a

Range (INR)a

Referencesb

Direct cost

9790

3300 – 155 640

[6-9],[8],[6]

Indirect cost

2820

0 – 31 020

[6-9],[7],[6]

Hospitalized

Total

12 610

Ambulatory
Direct cost

1070

40 – 9500

[7-9],[8],[7]

Indirect cost

1610

0 – 23 080

[7,9],[7],[7,9]

Total

2680

INR denotes Indian Rupees.
a
Values inflation adjusted to 2008 Indian Rupees.
b
For each item, references cited were used respectively for most likely, minimum, and maximum values.

Table 2: RUHA matrix for Gujarat
Setting

Reported

Unreported

Total

Hospitalised

1%

14%

15%

Ambulatory

3%

82%

85%

Total

4%

96%

100%

Source: Authors’ estimates.

(1) A reporting rate of 4–10% (expansion
factor 10-27) was recently used by
Garg et al. to estimate the burden
of dengue in India;(7) this has been
assumed to be applicable in Gujarat.
A comparable reporting rate (3%)
was found by attributing 1% of
general fever cases (reported by
Integrated Disease Surveillance
System) to chikungunya or dengue.
This percentage was based on data
showing that at least 10% of tested
cases are confirmed as chikungunya
or dengue.(10, 11) The “confirmation
rate” for general fever cases was
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taken as one tenth of this (i.e., 1%) to
allow for smaller number of relevant
symptoms.
(2) Garg et al(7) used a hospitalisation
rate of 9–20% for dengue cases in
India based on Thailand data.(12) This
range of rates agrees fairly well with
chikungunya hospitalization rates
of 6% and 13% found in studies in
Ahmedabad city.(8,13)
(3) The fraction of reported cases that are
hospitalized was assumed to be 0.29
based on public sector case data in
Ahmedabad in 2007.(10)

Vector control costs
In 2007–2008, the NVBDCP spent INR 73
million on measures to prevent and control
chikungunya and dengue in Gujarat. (11)
Additional spending by municipal corporations
during that period was INR 44 million and
INR 27 million in Ahmedabad and Surat,
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respectively (assuming one third of Surat’s
budget for the Vector-Borne Disease Control
Programme is assigned for dengue). These
public control cost estimates are conservative
because they tend to focus on insecticides
(possibly underestimating personnel costs) and
because costs in districts other than Ahmedabad
and Surat have not been estimated. This
effect is partly cancelled out by using data
from Malaysia(14) to estimate expenditure in
Gujarat to be 2% to 6% of government vector
control spending. Expenditure on household
insecticides to prevent these Aedes mosquitoborne diseases was estimated indirectly using
three independent methods, which give fairly
consistent results (see Table 3). The annual cost
(taken as the average of the most likely values
of the three methods) is INR 95 million (range
INR 39–320 million).
Table 3: Household insecticide market
estimates
Most likelyb
(INR
million)

Rangeb
(INR
million)

Coils market taken
as 30-50% of total
marketa

90

39–321

Insecticide (liquidator)
cost estimated per day

127

42–253

Household insecticide
market in Malaysia

68

40–105

Combined

95

39–321

Method used

INR denotes Indian Rupees.
a
Coils market data from Jyothy Laboratories Ltd Annual
Report 2006-07; coils market percentage based on data
from Malaysian CropLife & Public Health Association
Estimates of Household Insecticide Sales, 2002 to
2006, Chooi Lam Khong, personal communication to
Vasan S.S. (2007).
b
Most likely value is the average and range is the range
of the three different approaches.
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Discussion
Cost of chikungunya and dengue to
Gujarat
Monte Carlo sensitivity analysis carried
out on the cost incurred by households on
chikungunya and dengue resulted in a mean
annual cost of INR 3.8 billion (range INR
1.6–9.1 billion), equivalent to a mean of
US$ 90 million and a range of US$ 38 to 217
million. About 88% of this cost was due to
chikungunya illness, 5% was due to dengue
illness, and the remaining 7% is the cost due
to intervention activities. The total immediate
cost translates to approximately INR 67 per
capita (range INR 29–161), or US$ 1.60
(range US$ 0.70–3.80). Comparable estimates
of the cost of dengue were US$ 5.3 per
capita in Malaysia(14) and US$ 6.2 per capita
in Panama,(15) while Brazil spends US$ 4.3
per capita on dengue prevention alone.(16,17)
The differences in these costs can be partially
explained the fact that GDP per capita is five
times higher in Malaysia, Panama and Brazil
than in Gujarat. The high risk of chikungunya
epidemics also increases the relative cost in
Gujarat.
Most of the variation of the total cost
to households is caused by uncertainties in
direct cost of hospitalization, ambulatory
costs, chikungunya cyclicity (frequency of
chikungunya epidemics) and reporting rate
(Figure 2). Further studies are in progress to
refine the estimates of ambulatory costs and
reporting rate, improving this preliminary
cost estimate. These two parameters have
been observed to have comparable effects
outside Gujarat (7,14) suggesting that improved
understanding of them will help make more
accurate economic cost estimates around
Asia.
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Figure 2: Variation of total cost due to uncertainties in each parameter

This study considers only the immediate
cost of these Aedes mosquito-borne diseases.
Previous studies indicate that long-term
illness and deaths are associated with these
diseases,(18,19) but the emotional and economic
burden due to these is outside the scope of
this study. These diseases can also have a
long-term impact on education and economic
growth,(20,21) per capita income,(22,23) foreign
direct investment,(24,25) tourism,(26) etc. but
these effects have not been taken into account
in the cost estimates presented in this study.
Furthermore, as this study was done from the
household perspective, it does not include
government subsidies to health centres,
hospitals and other facilities that often pay for
much of the original construction plus a share
of the personnel and operating expenses.
Another study in this issue of Dengue Bulletin
also reports on the cost per case of dengue.(6)
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The resulting mean cost there (US$ 586) is
dramatically higher than the mean from the
present study ($28). The difference is due to
several factors. The higher figure represented
hospitalized cases, while the lower figure
was mostly ambulatory cases. The higher
figure is in the private sector and measures
the full economic cost, while the lower value
is simply the cost to households. It is hoped
that this preliminary estimate will trigger
more refined studies on cost of illness as well
as cost-effectiveness of vaccines and other
interventions to combat these neglected
tropical diseases.
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Abstract
Prevalence of chikungunya in the city of Ahmedabad, India during the 2006 outbreak was investigated
to estimate the prevalence of suspected chikungunya cases to find out demographic parameters and
proportion of various symptoms among suspected chikungunya cases, and to evaluate the effectiveness
of control measures implemented by the public health sector.
A total of 6667 people from 1301 households were surveyed. The prevalence of suspected chikungunya
cases was 32.9% (31.8% – 34.2%). Prevalence was higher in females (p<0. 006), and also highest for
the age group of 40 to 80 years. The north zone of the city, a densely populated slum, had significantly
higher (p<0.001) numbers of suspected cases than the other zones. Case numbers were significantly
higher in slums than in more affluent settings such as apartments and bungalows (p<0.001). Chills,
headaches, joint swelling and itching were the main symptoms reported by the majority of cases. The
majority (67.6%) of suspected cases sought treatment from the private sector and another 8.5% received
no treatment at all. The hospitalization rate was found to be 6% for the study. Among mosquito control
measures, visits by health workers (73.4%), application of larvicides (67.5%) and fogging (42.4%)
achieved good coverage compared with information education and communication (IEC) measures
(28.3%) and other activities.
Keywords: Chikungunya; prevalence; India; community-based study; disease burden.

Introduction
Chikungunya fever is an arboviral disease
transmitted to humans by infected mosquitoes
of the Aedes genus.[1] Since the first isolated
#

incident in Tanzania in 1952, [2] several
outbreaks of the disease, caused by this
alphavirus have been documented throughout
South-East Asia.[3-6]
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During an acute attack of chikungunya,
patients usually develop a sudden onset of
fever, headache and arthralgia[7] after an
incubation period of 2–4 days (range 3–12
days). Symptoms are generally self-limiting
and last for 2–3 days. However, arthralgia may
persist for months or years.[1]
During the last outbreak in India and
other South-East Asian countries, the epidemic
spread rapidly and affected many communities
with an attack rate as high as 40%–60%.[8]
Chikungunya re-emerged in India in December
2005 after a gap between epidemics of 32
years.[9] This particular outbreak was caused
by the central/east African genotype[10] and
infected around 1 400 000 people in India
during 2006. It was estimated that some areas
had attack rates of 45%.[11] Official figures from
the government of India indicated that 1.39
million suspected chikungunya cases were
identified from 152 districts.[12]

Materials and methods
The present study was conducted in
Ahmedabad city during September 2006. A
house-to-house survey was done to search
for suspected chikungunya fever cases
and collect information about reported
symptoms. A definition of a suspect case was
adopted from the Communicable Disease
Alert (CD Alert) issue, Vol. 10 (2) of February
2006 published by the National Institute of
Communicable Diseases (NICD), Delhi.[13]
It defined suspected chikungunya as “…an
acute illness characterized by sudden onset of
fever with several of the following symptoms:
joint pain, headache, backache, photophobia,
arthralgia and rash”. This study was conducted
during the peak of the outbreak confirmed by
the National Institute of Virology (NIV), Pune,
during April 2006. Therefore, the definition of
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a suspected case was modified and any person
having acute fever and joint pain any time
during the past one month was considered a
suspect chikungunya case for the purpose of
the study.
Symptoms were reported as perceived by
the individual personally or by the reporting
adult family member in case the member was
not available for the interview. The study was
carried out using a standard questionnaire,
pre-tested two weeks before the study. The
questionnaire also included information on
treatment-seeking practices, knowledge of
prevention and control, as well as activities
carried out by the local health department.
All investigators for the study were trained for
one day in how to identify a suspected case of
chikungunya as per the adopted definition and
how to fill in the questionnaire as per the study
format. Senior faculty from the Municipal
Medical College of the city checked every
form at the end of each day and verified the
information with investigators.
Pre-testing of the questionnaire was
done in the field on 612 people. The sample
size was calculated on the basis of a pilot
study which estimated the case prevalence
to be greater than 30%. The sample size in
the current study exceeds the requirement
several-fold.
The city of Ahmedabad is divided into five
administrative zones and 43 wards. In an effort
to make the sample selection representative
of the entire city population, 30 houses were
selected randomly from each ward irrespective
of presence of suspected case. As more than
40% of the population of the city resides in
slums, half of the houses in each ward were
selected from slums while remaining half
were selected from other localities including
bungalows and apartments.

41

Chikungunya outbreak during 2006 in Ahmedabad, India

Limitations of the study

Table 1: Gender-wise distribution of
suspected chikungunya cases

The study’s case definition was based entirely
on self-reported cases. It was not feasible to do
confirmatory serology tests for each and every
self-reported case. Self-reported cases were
also not cross-examined by medical persons.
However, the questionnaire was filled in by
intern doctors for each suspected case.

Results
A total of 1301 houses were surveyed covering
a population of 6667. The prevalence of
fever over the past one month was found to
be 51.3% while the prevalence of joint pain
was 41.7%. The prevalence of suspected
chikungunya cases was found to be 32.9%
(95% CI, 31.8–34.2). Table 1 shows the
number of suspected cases was significantly
higher in females (Chi square test: 7.35,
p=0.006).

Suspected
chikungunya

Total
population

Male

1090

3467

31.4
(29.4–32.6)

Female

1106

3200

34.6
(33.4–36.6)

Total

2196

6667

32.9
(31.8–34.2)

Gender

Percentage

Figures in brackets suggest upper and lower limits at
95% confidence interval.

The mean age among suspected cases
was found to be 33.7 years. Average family
size was 5.17 and the average number of
suspected cases per family was 1.7. The agewise distribution of cases reveals the highest
number of cases to be in the 20–30 years age
group. However, age-specific prevalence rates
clearly indicate an increase in the prevalence

Figure 1: Age-wise distribution of suspected chikungunya cases and
age-specific prevalence rate
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rate with increase in age. The highest agespecific prevalence rate of 44.4% was in
the age group of 60–70 years as shown in
Figure 1.
The distribution of suspected cases by
zone indicates a significantly higher number
of cases from the north zone, which is densely
populated and a reported starting point of the
outbreak in Ahmedabad City. A comparison
of house types revealed that a higher number
of cases were from slums than others (Chi
square test: 15.75, p<0.001). A variety of
signs and symptoms were also reported during
the household survey, the result of which is
shown in Table 2.
Table 2: Prevalence of various reported signs
and symptoms

the population was acutely suffering from
suspected chikungunya during the survey.
An acute case of suspected chikungunya
was taken as having signs and symptoms of
suspected chikungunya in the last four days
prior to the survey. Table 3 shows the activities
carried out by the local health department
during the last seven days as perceived by the
family respondents.
Table 3: Activities carried out by the
local health department during the 2006
outbreak
Activities

Per cent of
houses covered
(%)

Visit by any worker in the
last seven days

73.4

Larviciding of Abate*

67.5

Fogging

42.4

General information,
education and
communication activities

28.3

N = 2196

Per cent of
suspected cases
(%)

Headache

1002

46

Chills

974

44

Itching

629

29

Pamphlet distribution

17.8

Joint swelling (oedema)

612

28

602

27

Knowledge about how
chikungunya spreads

53.7

Tenderness
(palms/ soles)

416

19

Oral ulceration

256

12

Houses where mosquito
repellents had been used
in the past one month

58.0

Rashes

Lymphadenopathy

18

1

Signs and symptoms

Analysis of treatment-seeking behaviour
shows that the majority (67.6%) of cases sought
treatment from private facilities; around
23% sought treatment from public facilities,
while 8.5% sought no treatment. Over-thecounter drugs were used by 1% of suspected
cases for their symptoms while 6% of cases
required hospitalization. Three per cent of
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*Abate: a larvicide that controls aquatic stages of
vectors.

Prevention and control activities including
the visit by a worker for awareness, release of
larvicides (Abate), and fogging and pamphlet
distribution, were carried out extensively
as a matter of priority for the local health
department. Health workers were able to
reach the majority of houses for prevention
and control activities. Table 3 shows that
53.7% of respondents had accurate knowledge
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or information regarding the spread of the
chikungunya disease, while 58.0% of houses
had used mosquito repellents in the past
month.

Discussion
During the 2006 chikungunya epidemic
in India there was a controversy over the
reported numbers of people affected by
the disease. Many newspaper articles and
nongovernmental organizations (NGOs)
expressed skepticism about the numbers
of chikungunya cases reported by the
government. [14] The study also identified
that the majority of suspected cases sought
treatment from the private sector which could
possibly explain the lower prevalence reported
by the government officials. This communitybased study found that in 2006–2007, the
prevalence of suspected chikungunya in
the Ahmedabad city was 32.9% (95% CI,
31.8-34.2).
The study also revealed that a greater
number of females suffered than males,
and that those affected were from an older
age group, with the highest age-specific
prevalence rate being 60–70 years. The north

zone had a significantly higher number of
cases, which can be explained by the density
of the population and the living conditions
prevailing in that zone. Similarly, a favourable
environment and lack of protective measures
against the vector mosquito might have lead to
a higher number of cases in slums compared
with other housing types. The hospitalization
rate in the study indicates that only 6% had a
severe attack of the disease during the 2006
epidemic. The local health department made
significant efforts to cover large numbers
of houses and families for prevention and
control activities. However, more studies
using laboratory confirmation are needed to
determine the prevalence of confirmed cases
of chikungunya.
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Abstract
Ahmedabad city in the State of Gujarat was one of the cities most affected by an epidemic of
chikungunya. This paper attempts to document the epidemiological profile of chikungunya cases in the
city of Ahmedabad in 2006. It also tries to study the economic burden of the disease on patients and
understand their treatment-seeking behaviour.
There was an average of 2.4 suspected chikungunya patients in a family of five members. Mean duration
of illness was 19 days. Thirteen per cent of those suffering from chikungunya were admitted to hospital.
The economic burden of chikungunya disease on a patient was US$ 28.5, out of which approximately
US$ 15.4 was out-of-pocket expenditure on medical treatment, US$ 4.0 was on transportation. The
average wage loss per patient (workers and non-workers) was US$ 10.4; with the average wage loss
per worker being US$ 22.5. The cost of inpatient care was 1.5 times higher than the cost of outpatient
care. An outbreak of an emerging disease creates unanticipated catastrophic health-care expenditure.
Based on the study, the economic burden of chikungunya in Ahmedabad in 2006 (for 60 777 cases)
was approximately US$ 1.7 million. The priorities when tackling such unexpected disease outbreaks
should include strengthening of preventive and curative measures and continued research on the
socioeconomic impact to help in policy-making and resource allocation.
Keywords: Chikungunya; cost of treatment; Ahmedabad; India.

Introduction
In India, chikungunya fever is as old as it
is globally. The epidemic was first reported
during the 1960s in Kolkata in West Bengal,
Pondicherry and Chennai in Tamil Nadu,
Rajahmundry, Visakhapatnam and Kakinada
#

in Andhra Pradesh, Sagar in Madhya Pradesh,
and Nagpur in Maharashtra. Thereafter,
sporadic cases also continued to be recorded,
especially in Maharashtra state during 1973
and 2000.[1] The Indian health system was
again recently challenged by the re-emergence
of chikungunya disease after a gap of 32 years
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in December 2005.[2] The National Institute
of Communicable Diseases (NICD) Delhi
issued a warning notice against the disease in
March 2006. The states of Andhra Pradesh,
Karnataka, Maharashtra, Madhya Pradesh,
Tamil Nadu, Kerala, Gujarat, Andaman and
Nicobar Islands and Orissa were affected by
the disease[1] on a major scale. As per data from
the National Vector-Borne Disease Control
Programme (NCBDCP), 1 390 322 suspected
and 1985 confirmed chikungunya fever cases
were reported from 152 districts across the 13
states in India in the year 2006.[1]
The state of Gujarat in India was also
affected by the chikungunya epidemic between
July and October 2006 with more than 72 589
officially reported cases.[1] Jamnagar was the first
city in the state to be affected by the disease in
April 2006 after focal epidemics in Maharashtra
and Karnataka. The epidemic also affected
Ahmedabad city 1 extensively during the
months of August–November 2006. Municipal
health centers and hospitals in Ahmedabad
reported 60 777 cases of chikungunya during
the year (Source: National Vector Borne Disease
Control Programme, Department of Health,
Government of Gujarat).
In the present paper, we document the
epidemiological profile of chikungunya cases in
the city of Ahmedabad, Gujarat, India. We also
study the economic burden of chikungunya
disease on patients and try to understand their
treatment-seeking behaviour.
Ahmedabad is the largest city in the state of Gujarat
and one of the largest urban agglomerations in
India. As per the 2001 Indian census, the area under
Ahmedabad Municipal Corporation has a population of
3 520 085. The population of the Ahmedabad urban
agglomeration [which includes the region governed by
Ahmedabad Urban Development Authority (AUDA)] is
4 525 013. The urban agglomeration accounts for 22
per cent of Gujarat's urban population. There are 43
wards in the city. Ahmedabad has a literacy rate of 79.9
per cent, which is the highest in Gujarat, where 87.8
per cent males and 71.1 per cent females are literate.
1
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Materials and methods
We conducted a community-based study
in the 43 wards of Ahmedabad city, Gujarat
between the months of September and
December 2006.
A purposive sampling approach was used
to identify the study population in each ward
of the city. A structured questionnaire was
filled in by health workers and link workers
of the Municipal Corporation of Ahmedabad.
Each health worker was asked to complete
10–15 questionnaires related to their work
area. The households which reported to
have cases of fever, joint pain, vomiting,
skin rashes, etc. suggesting chikungunya
symptoms were visited by these health
workers for the interview. The information on
each member of the household was covered
in one interview schedule (one schedule per
household). The respondent was the head
of the household. Interviewers continued to
visit households until they had filled in 10–15
questionnaires or visited households in their
work area. The information on socioeconomic
and demographic characteristics, treatmentseeking behaviour, cost of treatment, and loss
in wages was collected. The data was coded,
entered and analysed using SPSS Version
13.0 for Windows (SPSS com, Chicago, IL,
USA).
The cost of treatment was calculated
taking into consideration the out-of-pocket
expenditure in treatment (which includes
consultation, blood test, medicine, hospital
stay) and transportation. Expenditures were
recorded in Indian rupees (INR) and later
converted to US dollars at the exchange rate
of 45.5 rupees per US dollar (the average value
between April and December 2006.[3]) The
total cost of the treatment incurred to a patient
was calculated after taking into consideration
the loss of wages to a household.
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Results

A total of 3362 households were surveyed
from 43 wards of the city, covering a population
of 17 455, averaging 5.2 members per
household. Almost half of the households
earned their livelihood through daily wage
work, whereas, 13% owned a business and
one fifth had listed “service” as their primary
occupation. Half of the members in a household
(mean 2.6) suffered from fever, joint pain or
other problems (cold and cough, vomiting,
typhoid, malaria, skin problems/itching). For
further analysis, the study considered only the
cases with two symptoms, i.e. fever with joint
pain, and the remaining cases (only fever and
others) were excluded from the analysis.

Profile of the patients
Approximately 46% of the surveyed population
(7944) suffered from fever coupled with joint
pain or only joint pain (2.4 members per
household). Out of the total number of those
affected, 80% had fever along with joint pain
(6359) where 20% reported to have only joint
pain (1589).
Among the patients, 54% were females
and 46% males. The most seriously affected
age group was 20–49 with a mean of 35 years
(Figure 1).
A total of 8.5% of the patients (aged 14+)
were working: 81% male and 22% female.
Most of the working male and female patients
were daily wage-earners (45% and 16%,
respectively) (Figure 2). Non-working female
sufferers included those who were involved in
non-wage-earning household work.

Limitation
The aim of the study was to understand
the profile of the population affected
by chikungunya and not to measure the
prevalence of the disease in the population.
The information collected during the home
visits was purely self reported and subjective.
The symptoms were not verified by medical
personnel. The information gathered may also
be affected by the subjective understanding of
the questionnaire by the interviewers.

The city of Ahmedabad is divided into
five zones. The Central zone of the city was
comparatively most affected (51%) compared
with other zones: North zone (46%), East zone
(47%), South zone (42%) and West zone (41%).

Figure 1: Age distribution of suspected chikungunya cases (per cent)
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Figure 2: Occupation of the sufferers by sex (> 14 years) (per cent)
Male

Female

Not working,
19.2

Others 0.3

Service, 4.5

Service, 23.2
Not working,
77.8

Worker, 15.6
Business, 2.0

Others, 0.0
Business, 12.6
Worker, 44.7

Figure 3: Month-wise per cent of suspected chikungunya cases, 2006
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31.5

M ay
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On average, chikungunya symptoms
lasted for 19 days. Twenty-nine per cent of the
patients reported that their illness had lasted
for less than one week. A similar proportion
suffered for one month or more (Table 1). A
patient rested for an average of 12.8 days after
the recovery.
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The number of suspected chikungunya cases
was the highest in the month of September
(50%) followed by August (32%) (Figure 3).
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The majority of the patients consulted a
doctor whereas 13% were admitted to the
hospital for treatment. Forty-five per cent
of the patients reported getting their blood
tested. One quarter of the patients also
practised home remedies (Figure 4).

Cost of treatment, transportation and
wage loss (in US$)
On average the cost of chikungunya fever
treatment was US$ 28.5 (INR 1296); including
US$ 15.4 (INR 699) on medical treatment
49

Cost of treatment of chikungunya cases in Ahmedabad

Table 1: Duration of Illness (per cent)

and US$ 4 (INR 183) on transportation. The
average wage loss for patients working outside
their homes (44% of surveyed population) was
US$ 22.5 (INR 1024) (Table 2). Moreover, the
average wage loss (workers and non-workers)
per patient was US$ 10.4 (INR 473).

Fever
with joint
pain

Only
joint
pain

Total

Less than one
week

30.3

22.9

28.8

Two weeks

23.1

19.8

22.5

Three weeks

19.5

21.7

20.0

One month

14.6

19.7

15.6

More than
one month

12.4

16.0

13.1

Total*

6274

1535

7811

Duration

The average cost incurred during
the treatment differed for inpatients and
outpatients (Table 3).
The cost of treatment for outpatients was
US$ 24.3, whereas the cost increased twofold
for a patient who was admitted to hospital.
The cost of transportation was also higher for
inpatients than outpatients. An outpatient,
who was working outside the home, lost an

* Total may differ because of missing cases

Figure 4: Treatment seeking behavior among chikungunya cases, Ahmedabad 2006 (per cent)
98.7

94.7

44.8
26.0
12.9

Consulted
Doctor

Medicines

Blood Test

Admitted in the
Hospital

Home
Remedies

Table 2: Total cost incurred during chikungunya (in US$)
Mean (US$)

SD

Range

N

Cost of treatment

15.4

24.8

0-659.3

7837

Cost in transportation to hospital

4.0

8.8

0-153.8

7784

Wage loss (working outside the home for wages)

22.5

28.1

0-329.7

3238

Wage loss (total sufferers 14+)

10.4

22.2

0-329.7

7009

Total cost incurred during chikungunya*

28.5

38.7

0-747.3

7883

* Total may differ because of missing cases
N=Number
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Table 3: Average cost of treatment and
wage loss during type of treatment (in US$)

Cost of
treatment

Cost of
transportation

Wage loss
(working outside
the home for
wages)
Wage loss (total
sufferers 14+)

Total cost
incurred during
chikungunya

Admitted

OPD

Mean

35.6

12.4

SD

52.4

15.2

Range

0-659.3

0-219.8

Mean

8.0

3.4

SD

16.4

6.8

Range

0-153.9

0-153.9

Mean

32.7

20.9

SD

38.6

25.8

Range

0-329.7

0-263.7

Mean

15.3

9.6

SD

31.0

20.4

Range

0-329.7

0-263.8

Mean

57.3

24.3

SD

71.2

28.9

Range

0-747.3

0-340.7

OPD: outpatient department
SD: standard deviation

average wage of US$ 20.9 during his/her
illness whereas this loss was recorded as US$
32.7 for the average inpatient (working outside
home). For all in- and outpatients (working
and non-working), the average wage loss was
US$ 15.3 and US$ 9.6, respectively. The total
out-of-pocket and indirect cost of treatment
was US$ 57.3 per inpatient and US$ 24.3
per outpatient. With an increased duration of
illness, there was also an increase in the total
cost of treatment (Table 4).

Discussion
Chikungunya is a “neglected” tropical arboviral
infection in the developing world,[4] as there
are limited studies on the impact of the
disease on socioeconomic and medical
determinants. Even though the disease is
generally considered self-limiting and rarely
life-threatening, the widespread occurrence of
it causes substantial morbidity and economic
loss due to ill health.[5,6,7] Studies indicate
that an outbreak of an emerging disease
creates unforeseen catastrophic health-care
expenditure and reinforces the poverty and
ill-health nexus.[5]

Table 4: Total cost of treatment as per duration of illness (in US$)
Cost of
treatment

Cost of
transportation

Wages
loss (only
working)

Wage loss
(total sufferers
14+)

Total cost
incurred

One week or less

9.5

2.6

14.2

6.2

17.3

Two weeks

13.1

3.4

19.6

9.5

24.8

Three weeks

17.0

4.7

24.8

12.3

32.7

One month

20.4

5.0

29.9

13.8

37.7

More than one
month

23.5

5.9

31.0

13.7

42.0

Duration of
illness
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Our study addresses the economic loss
consequent to the chikungunya disease.
It considers only a few direct (medicine,
transportation and hospitalisation) and
indirect costs (loss of pay) for the treatment of
chikungunya. It does not address several other
indirect costs related to days lost (for patient
and relatives), such as food and lodging. In
the present study, the economic burden of
reported chikungunya disease on a patient was
US$ 28.5, which includes US$ 15.4 as outof-pocket expenditure on medical treatment,
US$ 4 on transportation and US$ 10.4 due
to wage loss. During 2006, the real per capita
income of Gujarat was US$ 583 per annum
(US$ 48.6 per month).[8] This study estimates
that approximately 59% of the average
monthly income was spent on the treatment
of suspected chikungunya symptoms, which
amounts to US$ 28.7 per month. This is an
underestimate because our study did not
estimate the opportunity costs of the illness
(e.g. males/females working at home, children
missing school time, etc.).
A study by Gopalan and Das[5] calculated
the loss of economic productivity due to
chikungunya disease among the breadwinners
in a village of Orissa. The median out-ofpocket health-care expenditure on treatment
was US$ 84, which is much higher than the
estimated cost in our study. An article on an
epidemic in South India also shows a similar
result.[7] It says that apart from the expenditure
on treatment, lingering debilitation following
chikungunya infection takes away the victim’s
productivity and negatively impacts family
incomes for weeks or months. Another study
on a Chikungunya outbreak during 2005–2006
in India reveals another toll of the disease.[9] It
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suggests that poor people are more commonly
affected, as malnutrition enhances individual
susceptibility to infectious disease by lowering
immunity. The loss of income during illness
led to worsening poverty. The scope of the
present study does not consider the effect of
the fever on poverty or vice versa. However,
the reported occupations of patients in the
present study indicate that they may have a
low standard of living since more than half of
the surveyed families were working for daily
wages.
Based on our study, the economic burden
of chikungunya in Ahmedabad in 2006 (for
60 777 cases) was approximately US$ 1.7
million (INR 78.7 million). The total cost of
the epidemic to society may be much higher
as this estimate does not cover unreported
cases and several other indirect costs. Research
also suggests that according to informal
reports from various parts of the country, the
incidence of disease was probably higher than
the reported figures with the government.[5]
With an assumption that the actual cases of
chikungunya were 5 or 10 times higher than
those reported, the total cost is pegged at US$
8.6 million (INR 393.8 million) in the former
case or US$ 17.3 million (INR 787.6 million)
in the latter.
The priorities of tackling such an
unexpected disease outbreak should include
the strengthening of preventive and curative
measures. There is also a need for a detailed
and systematic study of chikungunya disease
along with its socioeconomic impact. Such
studies will help in policy-making and resource
allocation for mosquito-borne disease by the
state and central governments.
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Abstract
We conducted a descriptive cross-sectional study at a private children’s and general hospital in Surat,
India, during the 2006 dengue season (June to December 2006). We examined knowledge, attitudes
and practices of patients associated with dengue and estimated the cost of a dengue episode for the
study sample.
Of 62 patients with suspected dengue, 40 consented to participate in this study. We interviewed 27
retrospectively in their homes and 13 prospectively during their hospitalization. Among the respondents,
75% were male, 85% were under the age of 14, 63% reported familiarity with dengue, but only 25%
correctly knew that clean stagnant water is a breeding place for the dengue vector, and 23% did not know
the mode of transmission for dengue infection. While 78% said that they take preventive steps against
dengue, only 48% believed dengue to be a preventable illness. There was no significant relationship
between their knowledge and prevention practices.
Economic costs were measured in 2007 US dollars. For an average dengue episode, the mean costs were
US$ 439.44 for direct medical care and US$ 146.13 for indirect costs, with a total cost of US$ 585.57.
The indirect costs reflect an average burden of 50 days on a household due to days lost from school,
work, and other activities by the patient and their caretakers. While other studies have examined public
institutions, this is one of the first studies using data from a private hospital. This study shows that the
cost of a dengue episode imposes substantial challenges, even on middle-class households.
Keywords: Dengue; transmission; preventive practices; treatment cost; indirect cost; economic burden; Surat; India.
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Introduction

Materials and methods

Dengue is one of the leading causes of death
and hospitalization among children in India.
In recent times, a major outbreak associated
with haemorrhagic manifestations occurred in
Calcutta in 2004[1]. According to the WHO,
dengue infection has existed in India for more
than a century[2]. Communicable diseases are
a major cause of death around the world.
Despite the success of vaccination programmes
for polio and many childhood diseases, other
infections like AIDS, tuberculosis, malaria
and dengue are still widespread in many
developing countries[3].

Study setting

Some of the studies on dengue in India
have examined the cause of the disease
and its impact, but previous cost analyses of
dengue illness and its relation to preventive
practices are virtually absent. Such an analysis
would allow policy-makers to make decisions
that take into account the impact or burden
of the disease on society. The main purpose
of this article is to assess the costs, knowledge,
attitudes and practices (KAP) associated
with dengue illness. The analysis will also
inform future cost-effectiveness studies as
it reveals the cost of illness that could be
averted if either a vaccine is developed or
preventive programmes are implemented(4).
The analysis and conclusions could also be
used by government agencies to develop
financing programmes; for example, a
micro-insurance programme that would
help reduce the out-of-pocket expenditure
incurred for treating the illness. In addition,
Non-Governmental Organizations (NGOs)
and community organizations working to
improve health conditions in India could use
the data to develop awareness programmes
for preventing dengue illness.
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In August 2006, the city of Surat in Gujarat
state in northwest India was hit by devastating
floods. According to the local Sandesh
newspaper, the city was flooded with 113
inches of rainfall in 48 hours; and more than
50 000 cases of malaria, cholera, diarrhoea,
dengue and many other illnesses were
reported.[5] Expecting a severe dengue season
after these floods, Surat city was selected for
this study. One of the most reputable private
hospitals, Nirmal Children’s and General
Hospital (NCGH), renowned in the region for
dengue treatment, was chosen. This hospitalbased study targeted all suspected dengue
patients admitted in NCGH from within the
limits of Surat Municipal Corporation from
June 2006 to December 2006, the period of
the 2006 dengue season.

Interview data collection and analysis
A standardized research instrument was
adapted from the Dengue Burden of Illness
Study[6] and the socioeconomic indicators
section was adapted from a national survey
in India called National Family Household
Survey.[7] The instrument was then translated
into Gujarati and pilot-tested at Brandeis
University on Gujarati-speaking students.
The prospective interviews (within hospital
interviews) were conducted on or near
the date of discharge. Patients who were
discharged before the study were interviewed
retrospectively at home. The database was in
English. To protect the identity of the individuals
interviewed, the database did not include any
personal identifiers such as name and address,
although a protected linkage to the subject’s
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ID number could allow researchers to check
the original data if necessary. The interview
data were analysed using the current version
of SPSS statistical software.[8]

Costing methodology
All costs were first calculated in Indian rupees
and then converted to US Dollars based on
the mid-2007 dollar exchange rate of Rupees
as derived from Bombay Stock Exchange
Limited.[9] The total cost of a dengue illness
episode comprises the direct cost and indirect
cost of treating the illness. The direct cost
includes both the cost of medical care and
non-medical costs. First, the medical cost data
were categorized by type of provider (public
or private) and type of visit (ambulatory or
hospitalization) and then summarized using
SPSS. The cost of one day at a public hospital
was assumed to be equal to the cost of one
day in the general ward of NCGH. For this
purpose, the cost of one day at NCGH was
calculated on the basis of the average cost of
hospitalization in the general ward and then
dividing by the mean number of days for
hospitalization during an episode of dengue
illness. The cost of drugs was considered
separately for a public hospital, assuming that
the drug store is neither owned by the hospital
nor located in the hospital compound. But for
NCGH, the medical supplies and drug prices
were included in the cost of treatment, as the
medical supply store was owned by NCGH.
Second, direct non-medical costs incurred
by the hospitalized patients while seeking
care with various providers was calculated.
This cost comprised the costs incurred either
by patients or their family members for
transportation to and from the hospital and
for lodging and food during hospitalization of
the dengue patient.
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Indirect costs are the value of the patients’
or family members’ days lost or adversely
affected by the illness at work, school, or
home. Based on a dengue disease burden
study[6] we valued the economic loss of one
school day lost as the per day cost incurred
by the Government of India for one day of
public primary education for one pupil. We
considered costs of primary education as the
majority of the patients were attending this
level of schooling. The public expenditure
on education, i.e. the current spending per
student in India as a percentage of per capita
GDP, is 9.3%.[10] The GDP per capita of 3700
rupees.[11] The cost per child per year was
divided by a total of 200 school days (the
annual number based on the Indian school
calendar after deducting school vacations
and holidays) to estimate the cost of one
day incurred by the Government for primary
schools for one day. The per day cost was
multiplied by the days of school absence to
derive the total cost of school absence.

Other days affected and their
economic value
For estimating the other days lost by the
patient due to illness, we first calculated the
total days of illness for the patient by estimating
the days between the onset of fever and the
date of interview (as interviews were taken on
the day of or day before discharge). We then
deducted the days of absence from work as
they are already accounted for in workdays
lost. The days of recovery were then added
to arrive at the total of other days affected
due to illness.
The other days affected were calculated
as the total number of days spent by each
family member caring for the patient in terms
of hours per day. To avoid confounding dengue
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with other illnesses, we set the maximum for
each member to 30 days less the number of
days of work absence. The number of hours
per day was limited to a maximum of eight
hours per day for consistency with the number
of working hours lost.
The economic cost for other days affected
due to illness was computed by multiplying the
number of other days affected by the current
minimum daily wage estimated for Gujarat,
assuming that the cost of these days should
be equal to the daily minimum wage earned
by the people of Surat city.

Days of absence from work and
their economic value
For evaluating the economic value of days
of absence from work, we used the reported
income lost if it was at least the amount that

would have been lost at the minimum wage.
However, some family members lost work
days, but their loss of income was below the
daily minimum wage or zero. This could have
been due to paid sick leave or substitution
by other family members for the time lost.
For these members the loss of income was
the product of the reported days of work lost
and the daily minimum wage estimated for
Gujarat, assuming that economic value of the
work days lost should be at least equal to the
daily minimum wage.

Results
A total of 40 patients with dengue illness were
analysed. Table 1 describes the characteristics
of the dengue cases interviewed and timing of
initial medical care after onset of symptoms.
The table shows that nearly two thirds (65%)
of study patients had a clinical diagnosis

Table 1: Characteristics of study patients, n=40
Characteristics of patients with dengue

Per cent

Clinical diagnosis
Dengue fever
Dengue haemorrhagic fever (DHF)
DHF plus dengue shock syndrome
Dengue shock syndrome alone

65
24
8
3

Type of respondent providing data
Father of patient
Mother of patient
Both mother and father
Other family members over the age of 18
Patient

38
30
10
20
3

Time to initiate medical care after onset of symptoms
Less than 24 hours
Between 24 and 48 hours
Greater than 48 hours

63
25
13
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of dengue fever; the remaining 35% had a
more severe form of the disease. Laboratory
testing was performed on all cases. Out of
13 cases interviewed prospectively, six cases
were laboratory confirmed (based on IgM
positive). Although laboratory testing was
also performed on the 27 cases who were

interviewed retrospectively, the results were
lost due to a flood and were not available for
this study.
The survey results, shown in Figure 1,
indicate that a high percentage (90%) of the
patients and their families were able to pay for

Figure 1: Questionnaire responses from patient households concerning barriers to treatment,
source of funds for treatment, knowledge about dengue disease,
and practices related to dengue disease
Barriers to obtaining care:
Any barrier

65%

Money barrier

23%

Transportation barrier

18%
13%

Distance barrier
Fees barrier

3%

No barrier

35%

Source of funds for treatment:
Current income and savings

90%
43%

Borrowed money from relatives and friends
Took out loan on interest

20%

Sold or mortgaged assets

5%

Other sources

10%

Knowledge about dengue:
Learned through other sources

65%

Familiar with name of disease

63%

Knew dengue transmitted by mosquito bite

55%

Not familiar prior to onset of disease

37%

Learned through newspaper and television

35%
25%

Knew mosquitoes breed in clean, stagnant water
Knew dengue transmitted by Aedes aegypti

15%

Unfamiliar with symptoms of dengue

23%

Practices related to risk of dengue:
Store water for daily use

93%
78%

Take steps to prevent dengue in their house
Use coil or liquid vaporizer to repel/kill mosquitoes

35%

Clean house

13%

Prevent water stagnation

2%

0%

20%

40%

60%

80%

100%

Per cent of patients' households
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medical treatment using current income and
savings—an indicator of their middle or upper
socioeconomic status (SES). Also of interest is
that 93% of households needed to store water
for daily use, but only 25% knew that clean,
stagnant water is a potential breeding site for
the disease vector.
To classify the SES of patients’ households
more precisely, indicators were adapted from
the household characteristics questionnaire
of a national survey of India, the Standard of
Living Index (SLI), taken from the 1998–1999
National Family Health Survey (NFHS-2).[7]
Figure 2 shows the percentage of patients
from low-, medium-, and high SES from the
cohort (NCGH), from urban Gujarat and from
south Delhi. Due to NCGH’s status as a private
hospital, its proportion of patients with high
standard of living (90%) is much higher than
that in urban Gugarat (39%). Households with
a high standard of living are better able to pay
for the cost of treatment at a private medical
facility such as NCG Hospital.
The SES of the cohort was substantially higher
than that of the average inhabitant of Gujarat
in 1998–1999 [NFHS-2].[7] While comparable
Figure 2: Socioeconomic status of the
patients’ households based on Standard of
Living Index (SLI) score in India
100%

Per cent

80%
60%
40%
20%
0%
Urban Gujarat

South Delhi

NCG Hospital

Location of patient population
High standard of living
Medium standard of living
Low standard of living
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variables for NFHS-3 are not available, other
data show moderate improvements in key
assets from NFHS-2 to NFHS-3, but would
not reach the level of the study participants
[NFHS-3].[12]

Direct medical cost
Of the total 85 visits made by 40 patients, 34
of them were ambulatory visits and 51 were
hospitalizations. Out of the total visits, only
one visit was to a government hospital and the
remaining 84 were to a private hospital. The
results show that out of the total 34 ambulatory
visits made for a dengue illness episode, none
of the ambulatory visits was made to a public
hospital, a mean of 0.85 visits were made in
total for ambulatory care and the total cost for
the ambulatory visits averaged US$ 33.92 for
a dengue illness episode.
Table 2, which reports household
expenditures for medical care utilization
and cost per dengue episode, shows that the
total cost of the dengue illness episode per
household was estimated at US$ 585.57,
including direct and indirect costs. The figure
seems plausible for India, and takes into
account hospitalization in a private hospital,
and includes the direct cost of care and the
economic value of days of absence. This seems
high, but may be due to the average number
of people per household in the study group
being six. In spite of the high number of days
affected, the indirect total cost seems low
because other days affected has been valued
at daily minimum wage. This wage was used in
our calculations because caregivers were often
women who did not undertake paid work. The
table also shows that the cost of treatment for
householders at a private hospital far exceeds
the costs at a public hospital. We can infer
that most of the study cohort was a privileged
group who could afford to choose private
hospitalization.
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Table 2: Medical care utilization and costs per dengue episode for
all members of the household
Component

Utilization

Cost (US$)

Mean

SD

Mean

SD

0.9

0.6

34

39

Days in public hospital

0.3

0.2

0.33

2

Days in private hospital

4.7

5.2

368

511

Total hospital days (all types)

4.7

5.2

368

512

Prescriptions, laboratory, etc.

n.a.

n.a.

0.40

3

Total direct medical care

n.a.

n.a.

402

515

Direct non-medical cost

n.a.

n.a.

38

118

School lost

11.4

17.1

20

29

Work for pay lost

9.6

16.0

75

122

Other days affected (ages 0–14)

3.4

6.6

0

0

Other days affected (ages 15+ only)

25.5

28.6

52

59

Other days affected (all ages)

28.9

28.6

52

59

Subtotal

49.9

40.6

146

142

Total costs

n.a.

n.a.

586

583

Direct medical care
Ambulatory care visits
Inpatient care

Indirect costs

Notes: This table considers only household expenditures, and does not consider government subsidies.
SD denotes standard deviation; n.a. denotes not applicable.

According to a study done at the All
India Institute of Medical Sciences (AIIMS),
New Delhi, India, the out-of-pocket cost per
outpatient visit was US$ 0.44 at a primary
care facility and US$ 0.31 in the outpatient
department of a secondary hospital, while at
the tertiary hospital outpatient department, it
was US$ 0.73. The cost of inpatient services
at the secondary level was estimated as US$
9.10 at the tertiary level it was US$ 20.20
per visit.[10,13] These costs are mainly from
the Government’s perspective, whereas the
current study emphasizes the household’s
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perspective. Also, we have explicitly taken into
account the cost of drugs and medical supplies
while calculating the cost per visit for private
hospitals, although these may be included
implicitly through providers’ charges.

Direct non-medical cost
The mean cost of transportation came to US$
35.40; no one reported cost for lodging, and
the mean cost of food expenses was also low
at US$ 2.15. The total direct non-medical cost
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averaged US$ 37.55, which increased the total
direct cost for treating a dengue illness episode
to a mean of US$ 439.44.

Indirect cost
Table 2 provides data for days of medical
utilization and income lost for patients and
their care givers during an episode of dengue.
The cost per day for primary education was
estimated to be US$ 1.72 calculated by
dividing the annual national expenditure[10]
for primary education by the annual number
of pupil days.[11,14] The mean days of total
school absence in all household members
(11.4 days) combines days lost for the patient
(an average of 10.7 days per household) and
that for family members (an average of 0.7
days). The reported school absence was very
low for family members because there was
often a grandparent, uncle or aunt to help
maintain the family routine, including school
attendance of siblings of the sick child.

Total cost per dengue episode
The average cost of a dengue episode was
estimated to be US$ 585.57. This amount
is relatively high as private hospitals are
expensive.

Discussion
This is the first study of treatment and costs
of a dengue illness episode at a private
institution in India. Although 90% of the
households of patients treated belonged to
a high socioeconomic status, dengue still
imposed major financial burdens. To finance
treatment, 43% of households reported that
they borrowed money from friends or relatives
and 20% had taken a loan. Difficulty with
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the cost of transportation and sufficiency of
funds were the major challenges affecting
care-seeking behaviour.
Accessibility of health facilities, a major
factor affecting health-seeking behaviour, was
relatively good. Published data from 1991
reported that Surat city had 18 government
hospitals, 80 nongovernment hospitals,
1398 allopathic doctors and 131 indigenous
doctors. South Gujarat, Vadodara, Surat and
Valsad districts have relatively high numbers
of allopathic doctors.[15].
With growing urbanization and an
increase in urban diseases, the numbers of
hospitals and doctors serving the Surat area
are also multiplying. This affects the treatmentseeking behaviour of people, as hospitals or
dispensaries are available in the vicinity and
in urban areas, and transportation to them is
also easily available. This could explain why
most patients were able to seek and receive
care during the first 24 hours of onset of the
illness.
Since these data were collected from a
private hospital, most of the patients were
relatively well off; this fact helps explain why
only a small percentage of people reported
paying the fees of the medical provider to
be difficult. Despite reported difficulties
with the distance to hospital and the cost of
transportation, the majority of patients in this
study sought care promptly after the onset of
illness. This behaviour is possibly due to the
high SES of the households and the fact that
we drew our study sample from hospitalized
patients.
In comparison, a study by Acharya et al.
in south Delhi that used the Kuppuswamy
scale to measure the SES of dengue patients’
families revealed a lower spectrum than
NCGH.[16] The reason for this difference could

61

A KAP study associated with dengue illness in Surat, India

be that the study in Delhi was conducted
in an urban resettlement area which might
not be a preferred place to dwell for people
of high SES. A recent study on dengue
costs in Pune, India, also focused on public
sector institutions.[17] A study of chikungunya
(another Aedes mosquito-borne viral illness) in
Ahmedabad in this same issue of the Dengue
Bulletin[18] has found a dramatically lower
average household cost per case (US$ 25).
Major reasons for the difference are that the
Ahmedabad study did not count government
subsidy to facilities, its subjects were primarily
from the lower economic strata, its cases
were mostly treated as outpatients, and it
mostly describes public sector care.[18] Diverse
settings, as illustrated by these two papers, can
inform modelling studies in order to estimate
overall immediate costs due to dengue and/or
chikungunya, such as illustrated in papers[19,20]
in this Dengue Bulletin.
Collectively, the present study and the
comparative literature show that dengue
affects all economic strata. Considering the
knowledge about dengue illness among study
groups, it can be inferred that many people
have heard about dengue illness but have
little knowledge about breeding sites for the
dengue vector. Knowledge about symptoms
of dengue illness is also low. Data reveal that
television and newspapers can play a major
role in spreading awareness about the disease
and schools have been effective in bringing
about awareness in the communities. Our
survey revealed that although the majority
of households thought that dengue could be
prevented and that cleanliness is important,
respondents had little knowledge about the
relationship between various household
practices and dengue.
Ambulatory costs in this study might seem
high, but this is because the cost of a visit
in this case also included the cost of drugs
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and medical supplies. Also of note is that all
the ambulatory visits were done in private
hospitals.
Since this study was limited to only
one private hospital, we have limited data
for comparison between private and public
medical facilities. While dengue affects people
from all socioeconomic levels, for those with
a low or medium standard of living private
hospitalization is a costly option. Further study
on the cost of treating a dengue illness episode
in a public hospital is recommended. This will
enable better cost comparisons for dengue
treatment between these two sectors and will
assist the government in selecting the kind
of facilities it seeks to promote. In addition,
it could help patients choose a facility when
seeking treatment for dengue.
The estimated cost of transportation is
higher than might be expected because this
cost not only represents the cost of taking the
patient to various hospitals but also the daily
cost of travel by family members to the hospital
while the patient was hospitalized.
The number of days affected is higher
than is sometimes reported as it includes
the days affected or lost by patients plus
family members, and the average size of the
household for the study was six people per
family. The indirect total cost is relatively low
because other days affected (which is a high
number) are valued at daily minimum wage.
For the most part, it was generally a woman
who spent the large number of hours/days
caring for a patient. Because the majority of
women do not undertake paid work, other
days affected were valued at daily minimum
wage.
To compare our results with those from
similar studies elsewhere, we converted the
results into international dollars (I$) to adjust
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for purchasing power parity.[21] Our cost per
case in NCGH of US$ 585.57 was I$ 1764. A
multicountry study revealed that the total cost
of dengue episodes for a hospitalized cohort
using the same methods averaged I$ 1394
across eight countries. [6] Country-specific
analyses found this cost ranged from I$ 752
in Guatemala to I$ 1988 in Malaysia. While

out-of-pocket payments were substantial for
patients in this study and the overall economic
cost per case is above average, they are
within the range of international experience.
Improved knowledge about water storage
and other preventive practices might help
prevent some cases to reduce future dengue
burden.
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Abstract
We have analysed the average annual cost of dengue in Malaysia during the period 2002–2007 and in
Thailand between 2000 and 2005. The key cost components, estimated by combining existing data from
both published and unpublished studies, consist of: (i) costs of non-fatal illness; (ii) vector (Aedes mosquitoes)
control costs; and (iii) research and development (R&D) costs incurred by government institutions.
We found the immediate cost of dengue to Malaysia to be in the range of US$ 88 million to US$ 215
million (mean US$ 133 million) per annum. For Thailand, the corresponding range is US$ 56 million to
US$ 264 million (mean US$ 135 million) per annum. For the period analysed, Thailand has 3.6 times
more total cases of dengue, but Malaysia has a 4.6 times higher cost per case. In Malaysia, the most
important parameters creating uncertainty in the immediate cost are reporting rate, hospitalization
rate, and cost per ambulatory case. The corresponding parameters in Thailand are cost per ambulatory
case, cost per hospitalized case, and reporting rate. Better estimates of cost per ambulatory case and
reporting rate are therefore needed for both countries. Future studies should also refine the estimates
of hospitalization rate in Malaysia and the cost per hospitalized case in Thailand.
#
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Malaysia’s immediate cost of dengue is substantial and is equivalent to 3%–7% of the government’s
spending on health care. According to our estimates the illness costs due to dengue are 11 times (range
5 to 28 times) the amount of government spending on Aedes vector control in Malaysia, and 13 times
(range 1 to 106 times) the government’s spending on Aedes vector control in Thailand. This relationship
shows that increased investment on prevention could potentially generate large offsets in illness costs. In
addition to the immediate costs reported here, dengue may also adversely impact tourism and create
emotional and long-term burdens on families affected by illness and deaths.
Keywords: Burden; dengue; immediate costs; Malaysia; Monte Carlo; RUHA matrix; Thailand.

Introduction
In two previous publications we developed
the RUHA framework (defined below)
to incorporate disease underreporting in
estimating the cost of illness from certain
mosquito-borne diseases, and applied it to
dengue and chikungunya in India.[1,2] This
paper uses this approach to examine the
immediate costs of dengue in two heavily
affected countries in South-East Asia, viz.,
Malaysia and Thailand.

Methods
Estimating key cost parameters
Previous studies have reported dengue costs
for a specific year, but we have analysed the
average cost over several years to reduce the
effect of year-to-year fluctuations caused by
the tendency of dengue to occur in cycles.[3]
Based on data availability, we have chosen the
period 2002–2007 for Malaysia and 2000–
2005 for Thailand. From a societal perspective,
the key cost components consisted of:
(i) costs of non-fatal illness (i.e. direct and
indirect health-care costs due to hospitalized
and ambulatory cases, both reported and
unreported); (ii) vector (Aedes) control costs
(i.e. inspections and enforcement, fumigation,
household insecticides, private sector vector
control and the government’s communicationfor-behavioural-impact (COMBI) efforts);
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and (iii) research and development (R&D)
costs incurred by government institutions.
This is consistent with Haddix et al.[4] who
have considered cost of illness and cost of
intervention measures in their analysis.
These components were estimated by
combining data from various studies (both
published and unpublished) where available.
If unavailable, trends/data from comparable
countries in the region were used to obtain
a range of values, which were then subjected
to a Monte Carlo sensitivity analysis. For
comparison, the impact of a major outbreak
on tourism revenues[2] has been included in
the epilogue. All cost estimates have been
inflation-adjusted to 2008 Malaysian Ringgit
(MYR) and Thai Baht (THB), and final values
have been reported in US dollars, at the
exchange rates for 2008 (exchange rates 3.22
MYR/US$ and 33.6 THB/US$).

Illness costs
Illness costs are determined by three inputs:
(i) a “RUHA matrix” (defined below);
(ii) the reported number of cases, and
(iii) direct costs (e.g. medical treatment, drugs,
and transportation) and indirect costs (e.g.
income and value of time lost by patients/
household members) of hospitalized as well
as ambulatory cases. The RUHA matrix shows
the shares of reported (R) and unreported (U)
hospitalized (H) and ambulatory (A) cases.
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We have analysed these proportions using
dimensionless analysis (or ratio analysis).
We have used the ‘RUHA matrix’ approach,
similar to Mavalankar et al.,[1] as a useful tool
for combining cost studies, filling gaps in data
and making comparisons across countries.

Monte Carlo sensitivity analysis
A Monte Carlo sensitivity analysis was
carried out (@Risk software version 5.0.1,
Palisade Corporation, USA) to determine how
uncertainties in cost parameters affect the
total cost of illness (similar to Rafael et al.[5]
and Mavalankar et al.[1]). Fifty-five and 50
simulations were performed (five per input)
for Malaysia and Thailand respectively, each
with 10 000 iterations, and the mean of the
total cost was used as a tracking variable in the
simulations. For each iteration, values for the
parameters were independently drawn from
the Beta-PERT distribution.[6] The Beta-PERT
distribution is defined by minimum, most
likely and maximum values which are relatively
uncomplicated to estimate; it is also considered
preferable to the triangular distribution (for
instance, Rafael et al.[5]) because the smooth
shape of the curve places less emphasis in the
direction of any possible skew.

Results
RUHA matrix for Malaysia and
Thailand
Table 1, panel 1a presents an initial RUHA matrix
for Malaysia based on a preliminary study in a
public hospital by Shepard et al.[7] Comparing
patterns from neighbouring Thailand (Table 2),
in which a careful population-based study was
reported,[8,9] Table 1, panel 1a appears to have
underestimated the UA cases because it did
not account for cases treated solely in private
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clinics and private hospitals. The Ministry of
Health, Malaysia[10] has estimated that the
public sector bears 39.5% of the ambulatory
care costs; so we have refined the RUHA
matrix by adding 69 private sector ambulatory
cases (all assumed unreported) to the 45 public
sector ambulatory cases studied by Shepard
et al.[7] This refined RUHA matrix for Malaysia
(Table 1, panel 1b) is more similar to the one
constructed for Thailand (Table 2).

Reported cases
The number of reported cases for Malaysia and
Thailand for recent years are shown in Table 3.
The number of reported cases in Malaysia
during 2002–2007 varied from 31 545 to
50 341 (mean 37 793) per annum, and these
were assumed to be mostly hospitalized cases
in public sector facilities.[7] Unreported cases
have been assumed to vary from year to year in
proportion to reported cases. In Thailand, the
number of reported cases during 2000–2005
varied substantially – from 18 617 to 139 327
(mean 68 028) per annum.

Costs per case
Both hospitalized and ambulatory cases have
direct and indirect cost components, and
their estimates from public sector hospitals
in Malaysia[12] are shown in Table 4. As these
authors have estimated the ambulatory cost
from reported cases, the reporting rate of
ambulatory cases has been modelled to have
a medium to large correlation (following
Cohen 1988[15]) with the average cost of an
ambulatory case. This assumption would result
in a conservative estimate of the national
cost. For Thailand, the maximum, minimum
and most likely values of hospitalized and
ambulatory costs per case have been taken
from previous reports.[9,12,16]
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Table 1: RUHA matrices for Malaysia
Reported

Unreported

Sum

1a: Preliminary (not accounting for UA cases in private facilities)
Hospitalized

43%

21%

64%

Ambulatory

5%

31%

36%

Sum

48%

52%

100%

1b: Refined (accounting for UA cases in private facilities)a
Hospitalized

28%

13%

41%b

Ambulatory

3%

56%

59%

69%

100%

Sum

31%

c

Notes to Table 1: In Table 1a, 100% = 124 cases; bold values from studies; values not in bold are calculated; Source:
Shepard et al.[7] In Table 1b, 100% = 193 cases; bold values from studies; values not in bold are calculated.
We assumed the public sector’s share for ambulatory care for subsequently hospitalized patients of 39%[7] would
apply to all ambulatory cases. Recognizing the uncertainty in our assumption, our simulations varied this parameter
over the range of 30% to 50%. As home-care patients (who do not visit any health-care facilities) were not included,
this RUHA matrix is a conservative estimate.
a

Based on Anderson et al.,[8] the 25% hospitalization rate has been taken to be the most likely estimate for the share of
dengue patients who are hospitalized in Thailand. Their study included home-care patients, therefore 25% was also
taken to be the most likely estimate for Malaysia. 41% (obtained in the revised RUHA matrix) has been taken as the
maximum estimate of the share of dengue patients hospitalized in Malaysia. The data from Malaysia reported by Lum
et al.,[11] Suaya et al.,[12] and Shepard et al.[7] are consistent with this assumption. The corresponding hospitalization
rate of 20% was used by Suaya et al.[13] for Cambodia, which was taken as the minimum for Malaysia and Thailand.
b

The range of 7%–20% was considered by Clark et al.[9] in their study of Thailand, so this range has been used for that
country, with 10% as the most likely value. The values of 10%–31% have been used as the range for Malaysia with
20% as the most likely estimate.
c

Table 2: RUHA matrix for Thailanda
Reported

Unreported

Sum

Hospitalized

9%b

16%

25%cd

Ambulatory

1%

74%

75%

10%e

90%

Sum

100%

Notes to Table 2: Bold values from studies; values not in bold are calculated; Sources : Anderson et al. and Clark
et al.[9]. These two sources have been assumed to be consistent with each other. Garg et al.[14] have also combined
percentages from these two studies.
a

[8]

Ratio of hospitalized cases to reported cases has been taken as 0.9 based on preliminary data from Malaysia
summarized by Shepard et al[7]: out of 60 reported cases 54 were hospitalized.
b

Source: Anderson et al.[8]

c

d

A comparable hospitalization rate of 20% was used by Suaya et al.[12] for Cambodia.

Source: Clark et al.[9] report a range 7%–20%.

e
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Table 3: Reported dengue cases obtained
from Malaysia and Thailand
Year

Malaysia

Thailand

2000

NC

18 617

2001

NC

139 327

2002

32 767

114 800

2003

31 545

62 767

2004

33 895

38 367

2005

39 654

34 291

2006

38 556

NC

2007

50 341

NC

NC: Not considered for the study as data were not
available.

Aedes control costs
Table 5 shows the cost parameters that
contribute to vector (Aedes) control costs.
A large correlation (following Cohen[15]) was
used between government expenditure on
Aedes control (parameters in section 1.1 in
Table 5) and reported annual dengue cases.
Market size data did not indicate any obvious
dependence between household insecticide
spending and the number of reported
dengue cases; hence, no correlation was
used to relate these. The total market size
of household insecticides has been reported
by the Malaysian CropLife & Public Health
Association (MCPA), and we have considered
10% of these household insecticides to be
used for dengue and chikungunya control.

Table 4: Direct and indirect costs per case for hospitalized and ambulatory cases (US$)
Malaysiaa
(most likely)

Malaysia
(range)

Thailandb
(most likely)

Thailandc
(range)

Hospitalized

1259

1101–1259

208

118–794

Direct

1101

Present in all cases

Indirect

158

0% – 100%d

Ambulatory

174

139–422

60.5

22.4–341.2

Direct

283

0%–100%

Indirect

139

Present in all cases

Cost component

e

Notes to Table 4: aThe University Malaya Medical Centre (UMMC), collaborating with two Ministry of Health
hospitals (in Ampang and Klang), found that the number of investigations and management of patients were more
or less similar in all locations studied (Lucy Lum, unpublished data, 2007). The length of hospital stay was also
comparable (in fact slightly shorter in UMMC), therefore, the costs per case in Table 3 would result in a conservative
estimate when applied to the entire public and private sector health-care network. Our study also assumes that not all
of the direct and indirect costs would apply to all the cases, leading to a conservative estimate of the cost of dengue.
The most likely estimates of hospitalized and ambulatory costs in Thailand have been taken from Okanurak et al.[17]

b

Minimum costs per case in Thailand have been calculated as the sum of private costs from Clark et al.[9] and public
costs from Okanurak et al.[17] Maximum cost per hospitalised case in Thailand has been taken from Suaya et al.[12]
Maximum cost per ambulatory case has been calculated based on the results of Suaya et al.[12] using the ratio of
hospitalized cost to ambulatory cost. These authors have recently published their work.[18]
c

This approach is similar to Anderson et al.[8] in assuming that indirect costs vary. 100% is taken as the most likely value
in our simulation.
d

The variation is assumed to be dependent on the reporting rate of ambulatory cases. For the most likely value used in
our simulation, home-care patients are assumed to incur 0%, while others incur 100% of direct cost.
e
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Table 5: Cost parameters determining the cost of Aedes control and R&D expenditurea
All values in US$ million
Cost parameter

Malaysia

Thailand

Most likely

Range

Most likely

Range

1. Aedes control
1.1

Inspections, enforcement and fumigation

8.96a

6.27–11.15

8.50

2.50–19.02

1.2

Household insecticides (aerosols, mats, coils,
liquids, baits, etc.)

7.20

6.49–16.16

6.72

4.06–10.04

1.3

Private sector vector control

0.43

0.29–0.57

0.41

0.20–0.61

1.4

Government’s ComBI efforts

8.85

5.59–12.42

11.01b

6.95–15.45b

25.44

18.64–40.30

26.64

13.71–45.12

0.61c

0.30–1.21c

Sub-total
2. R&D
2.1

On Aedes control

0.52

0.31–0.72

2.2

Other

0.12

0.03–0.21

0.64

0.34–0.93

Sub-total

Notes to Table 5: aSuaya and Shepard.[12] ComBI denotes communication-for-behavioural-impact
Estimated by multiplying the Malaysian value by 2.31 (for relative size of the population) and by 0.54 (for relative size
of the GDP per capita).
b

In Malaysia, R&D costs were found to be 7% of item 1.1 (for the most likely value). We have assumed the same for
Thailand, and taken its range to vary by 50% and 100% on either side.
c

The Malaysian household insecticides market
size has been adjusted for relative GDP and
population in order to estimate the total size of
the household insecticides market in Thailand.
In order to be conservative, only 7.5% of this
market has been considered to be relevant
for dengue.

Discussion
Immediate cost of dengue to Malaysia
and Thailand
Using Monte Carlo analysis, we have estimated
the mean economic cost of dengue to Malaysia
as US$ 133 million (range US$ 88 million to
US$ 215 million) per annum. Figure 1 shows
the variation of total cost resulting from
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each parameter varying from minimum to
maximum. The most important parameters
accounting for the variation of the total cost
are the reporting rate, the annual variation in
reported cases, the hospitalization rate, and
cost per ambulatory case. The bulk of the cost
(78%) comes from illness; hence a key factor
is the low reporting rate for dengue, especially
for ambulatory cases.
For Thailand, the estimated mean
economic cost of dengue is US$ 135 million
(range US$ 56 million to US$ 264 million)
per annum (Figure 2). In this case, the
most important parameters accounting for
the variation of the total cost are cost per
ambulatory case, cost per hospitalized case,
and reporting rate. The first two factors have
become significant due to large differences in
the estimates reported by Okanurak et al.,[17]
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Figure 1: Sensitivity analysis of the annual cost of dengue to Malaysia
(Bars show range from possible variation in each factor)

Clark et al.[9] and Suaya et al.[12] – indicating
the need for further studies.
Estimates of cost per ambulatory case
and reporting rate need to be improved in
both countries. In addition, we need better
estimates of the hospitalization rate in Malaysia
and the cost per hospitalized case in Thailand.
Both Figure 1 and Figure 2 show the variation
in the mean economic cost of dengue due to
“annual variation in the number of reported
cases”. This shows that policy-makers should
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take a longer term view of dengue when
allocating funds as the number of cases
fluctuate from year to year, especially in
Thailand.
Comparing the RUHA matrices for
Malaysia (Tables 1) with Thailand (Table 2),
we recommend that future studies address
the uncertainty in the number of unreported
cases, especially unreported ambulatory cases,
and that studies similar to Shepard et al.,[7]
Suaya et al.,[12] and Kongsin et al.[16] should be
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Figure 2: Sensitivity analysis of the annual cost of dengue to Thailand
(Bars show range from possible variation in each factor)

carried out to assess the variation in costs per
case across the healthcare network.
Another article in this issue of the Dengue
Bulletin also develops an estimate of the
national cost of dengue in Thailand.[16] That
estimate, US$ 158 million with a standard
deviation of US$ 33 million, is close to the
central estimate for Thailand in this article.
While both articles rely on some of the same
primary data (the initial observations collected
by Kongsin et al.[16]), the merger of these data
with other information and assumptions was
done independently in the two articles. Despite
the uncertainties, this agreement suggests that
the present findings are plausible.
72

Comparison between countries
The mean number of reported cases per
annum in Thailand (68 028 cases for 2000–
2005) has been 1.8 times that of Malaysia
(37 793 cases for 2002–2007). The reporting
rates in Thailand (10%) and Malaysia (20%),
given in the notes to Table 1, differ by a factor
of 1 to 2. Thus, Thailand has 3.6 times as
many total cases, The average cost per case
in Malaysia (US$ 445.25) is higher than that
of Thailand (US$ 97.38), as shown in Table 4.
so Malaysia has a 4.6 times the cost per case.
These two offsetting factors are the reason
why the total immediate cost of dengue is
comparable between these countries, with
Dengue Bulletin – Volume 34, 2010
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the bulk of immediate costs in both countries
due to illness – 78% in Malaysia and 76% in
Thailand. The mean annual cost of dengue per
capita is US$ 5.3 for Malaysia and US$ 2.0 for
Thailand. This is not unexpected because the
GDP per capita of Malaysia is 1.9 times that
of Thailand.
The immediate cost of dengue (US$ 88
million to US$ 215 million per annum) to
Malaysia is substantial and amounts to US$
3.5 to US$ 8.5 per capita and is equivalent
to 3%–7% of government spending on healthcare.[19] The mean cost of US$ 5.3 per capita
for Malaysia compares closely to the US$ 6.2
estimated by Armien et al.[20] for Panama – an
upper-middle income country like Malaysia
with comparable GDP per capita (US$ 6717
for Panama, US$ 7605 for Malaysia), with
similar costs per case (US$ 1256 and US$ 391
respectively for hospitalized and ambulatory
cases in Panama and US$ 1259 and US$ 422
respectively for hospitalized and ambulatory
cases in Malaysia), and comparable number
of reported annual cases per thousand people
(1.7 for Panama, 1.5 for Malaysia) for the
study periods. It should be borne in mind
that this paper and Armien et al.[20] are not
strictly comparable because Armien et al.
did not consider several parameters such as
annual variation in reported cases, variation
in hospitalization rates, and spending on
household insecticides. However, they did
consider the economic loss due to fatal dengue
which is beyond the scope of this paper.
We can also compare our estimates for
Malaysia with Brazil – another upper-middle
income country with comparable GDP per
capita (US$ 8450), and a slightly higher
number of reported annual cases (2.2 during
2002–2007) per thousand people.[21] Brazil’s
2002 federal dengue prevention budget
was reportedly BRL 1034 million,[22] and the
estimate for 2007 is at least BRL 1527 millions.
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These figures translate to an annual federal
spending of US$ 4.3 per capita for dengue
prevention in Brazil during 2002–2007.
Separate state and municipal budgets for
dengue prevention and illness costs are not
included in this Brazilian estimate.
[21]

In Malaysia, illness costs due to dengue
are typically 11 times (range 5 to 28 times)
the government spending on Aedes vector
control (see Table 5 and Figure 1). Similarly
in Thailand, illness costs due to dengue are
typically 13 times (range 1 to 106 times) the
government spending on Aedes vector control
(see Table 5 and Figure 2). This result shows
that increased investments in prevention
could potentially generate large offsets in
illness costs.

Additional considerations
There are three additional considerations
worth mentioning, but are beyond the scope
of the immediate costs. First, this study has
not considered chikungunya, another Aedesborne viral infection, which has affected
Malaysia with increasingly bigger outbreaks in
recent years: 27 cases in 1999, 227 cases in
2006, and 4271 cases in 2008.[23,24] Thailand
experienced a severe ongoing outbreak with
20 541 reported cases from 23 provinces for
the period 1 January 2009 to 20 May 2009.
[25]
The potential threat of chikungunya can
be clearly seen from the experience of Indian
Ocean countries such as India[1,26] which had
around 1.5 million suspected cases during
2006–2008, and Réunion Island[27] where one
third of the population was affected during
the 2005-2006 outbreak. Although dengue
and chikungunya are virologically distinct,
cases are indeed comparable from disease
prevention and management perspectives,
therefore policy-makers should consider their
socioeconomic impact together.
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Secondly, it has been shown elsewhere[2]
that a 4% decline in tourists from non-endemic
countries would result in a substantial loss of
tourism revenue: US$ 65 million for Malaysia
and US$ 363 million for Thailand. While all
these potential revenue losses do not constitute
economic costs, it is nevertheless striking that
the impact on tourism is comparable to the
total cost of illness estimated by following
the traditional approach, limited strictly to
economic costs. In other words, the impact on
tourism revenues should not be ignored when
calculating the burden of infectious diseases.
Finally, we note that the emotional and
long-term burden of illness and deaths due
to dengue are beyond the scope of this
study, therefore we recommend reading this
working paper in conjunction with studies
that report impact on quality of life,[11] lost
DALYs (disability adjusted life years), longterm effects of illness on education and
economic growth,[28,29] per capita income,[30,31]
foreign direct investment, [32,33] etc. Such
long-term effects are likely to be important
for chikungunya, as some cases experience
persistent joint pain for several months, even
years.[1,34]

We hope that our estimate of the
immediate cost of dengue will trigger more
refined studies on cost of illness, as well as
analyses of the cost-effectiveness of vaccines
and other interventions to combat these
neglected tropical diseases.
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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,

Supported by the authors’ institutions and the Paediatric Dengue Vaccine Initiative
*E-mail: shepard@brandeis.edu, Tel: +1-781-736-3975; Fax: +1-888-428-2672
#

Dengue Bulletin – Volume 34, 2010

77

Cost of dengue in Thailand

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.
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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
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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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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.

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
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 healthcare 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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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).
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Results

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.

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

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

Table 1: Demographic characteristics of the study cohorts
Laboratoryconfirmed

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

0–4 yrs.

0

5

4

5–9 yrs.

33

51

47

10–14 yrs.*

67

44

49

10.0(2.4)

9.0(3.0)

9.2(2.9)

Primary school or less

48

49

49

Secondary school

31

31

31

Vocational school or more

21

20

20

48

24

30

0.004

Both interviews completed

95

91

92

0.363

Mother as patient's proxy

88

73

77

0.048

Onset to first interview

4.4(2.2)

5.4(2.4)

5.2(2.4)

0.017

First to second interview

14.7(3.6)

13.7(2.5)

13.9(2.9)

0.093

Characteristic

Age distribution (%)

Mean age, yrs. (SD)

0.098
0.048

Parents' highest level of education (%)

Residence (% urban)

0.975

Interview completion (%)

Interview timing, days, mean (SD)

* 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.

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.

Ta b l e 2 s h o w s t h a t t h e c l i n i c a l
characteristics of the patients were similar in
both cohorts apart from eye or retro-orbital
pain, low platelet count and low white cells

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
Laboratoryconfirmed

Clinical
only

Entire
cohort

p-value

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

68.3(14.5)

65.9(16.7)

66.5(16.2)

0.408

Characteristic
Number of patients

Quality of life during illness
Mean, 0 to 100 (SD)
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Laboratoryconfirmed

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

2
12
74

4
14
73

3
13
73

1.000
0.760
0.946

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

Characteristic

Treatment, % of cohort
Self-medication
Aspirin
Antibiotics
Household impact, days, mean (SD)
School lost
Work lost
Period affected

0.123

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)

1799

1186

1564

928

0.185

129

60

159

82

0.034

Doctor visits, private

123

61

151

79

Doctor visits, public

4

8

5

12

Direct costs
Ambulatory care

1

5

2

21

Inpatient care

Prescriptions, lab. tests, etc.

1464

1083

1226

805

0.129

Non-medical care

206

146

179

123

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 nonmedical 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.

4.9 (±3.3) days, the inpatient care itself was
provided in a public hospital. Therefore, outof-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 laboratoryconfirmed 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,

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
Direct costs

I$

US $

M

(SD)

M

(SD)

1621

998

528

325

152

79

49

26

Doctor visits, private

145

75

145

75

Doctor visits, public

5

11

5

11

Prescriptions, laboratory tests, etc.

2

18

2

18

Inpatient care

1284

883

418

288

Non-medical care

186

129

60

42

Indirect cost

137

98

45

32

Total cost

1758

1079

573

351

Ambulatory care

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

84

Dengue Bulletin – Volume 34, 2010

Cost of dengue in Thailand

Table 5: Challenges faced by households during the patient’s illness episode
Laboratoryconfirmed
(n=42)

Clinical
only
(n=131)

Entire
cohort
(n=173)

p

Could not afford cost of visits to medical providers

48

47

47

1.00

Could not afford drugs

7

16

14

0.20

Could not afford cost of transportation

5

7

6

1.00

Savings (e.g. bank account)

7

8

8

1.00

Sold items (e.g. furniture, animals, jewelry)

2

1

1

0.43

Borrowed from family members or friends from
outside the household

12

18

17

0.48

Borrowed from someone other than a friend or family

7

7

7

1.00

Other (e.g. from the church)

0

0

0

1.00

0.88
(1.02)

1.04
(1.15)

1.00
(1.12)

0.20

Challenge
Specific financial challenges, %

Number of financial challenges, mean (standard
deviation)

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

– Municipality
– Subdistrict
Total

0.12
Chiang Mai

151 011

0.01

Padad

13 793

0.12

62 000 000

1.00

Municipalities 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.
a

The specific administrative units are representative examples for estimating national costs. Region 6 contains Khon
Kaen province.
b

Dengue Bulletin – Volume 34, 2010

85

Cost of dengue in Thailand

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

86

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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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
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reported a substantial adverse economic impact, perhaps explained by their inability to afford medical
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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
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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 laboratoryconfirmed 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.
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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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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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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
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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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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
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Table 1: Demographic characteristics of dengue-confirmed patients by cohort
Item

Plasma leakage
Yes

25

98

20

10

0.182

12

56

53

0.793

54

0–4 yrs

0

12

0.040

10

5–9 yrs

52

61

59

10–14 yrs*

48

27

31

9.1 (2.3)

7.5 (3.1)

0.018

7.9 (3.0)

Primary school or less

32

41

0.672

39

Secondary school

64

54

56

Vocational school, college or more

4

5

5

56

63

0.505

62

Days from onset to first interview

5.9 (1.6)

6.4 (1.2)

0.185

6.3 (1.3)

Days from first to econd interview

9.7 (1.6)

9.7 (2.1)

0.887

9.7 (2.0)

Cohort

P

Entire cohort

No

123

Residence, % of cohort
Urban
Sex, % in cohort
Females
Age groups, % in cohort

Age distribution, mean (SD)
Age
Parent highest level of education, % in cohort

Interviews
Mother as legal surrogate, %

* 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.

94

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
No

Yes

25

98

80

93

0.053

90

76

68

0.458

70

Fever

100

100

1.000

100

Headache

92

77

0.101

80

Muscle or joint pain

72

74

0.800

74

Skin rash

56

61

0.634

60

Retro-orbital pain

20

34

0.187

31

Sore throat and/or running nose

12

17

0.762

16

Diarrhoea

20

26

0.567

24

Abdominal pain

100

97

1.000

98

Vomiting

64

86

0.013

81

Bleeding

32

61

0.009

55

Low platelet count

76

93

0.014

89

Low white cells count

44

33

0.288

35

High white cells count

8

20

0.241

18

7.8 (4.3)

6.7 (3.9)

0.240

7.0 (4.0)

Days of fever

4.1 (2.0)

3.6 (1.1)

0.199

3.7 (1.3)

Days feeling bad or very bad

5.7 (1.3)

6.2 (1.4)

0.118

6.1 (1.4)

Days of illness

5.8 (1.4)

6.4 (1.2)

0.025

6.3 (1.4)

Self-medicated

28

16

0.181

19

Used antibiotics

20

21

0.876

21

Used aspirin

0

1

1.000

1

Cohort size (cases)

P

Entire
cohort
123

Health status before illness, % of cohort
Good or very good
Seeking health care, % of cohort
Within 24 hours from onset
Symptoms and signs during illness, % of cohort

Quality of life during illness episode, mean (SD)
Mean, quality in %
Time indicators, mean (SD)

Treatment, % of cohort
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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).

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).

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).

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).

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

Plasma leakage
No

Yes

25

98

3.4 (0.6)

3.8 (0.9)

P

Entire
cohort
123

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

62

58

Hospital stay (days)

3.5 (1.6)

3.2 (1.2)

% in public sector

100

100

9.2 (7.6)

5.9 (5.9)

0.034

3.7 (0.8)

0.389

3.3 (1.3)

59
100

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

0.019

6.6 (6.4)
14.2 (8.0)

63

73

10.5 (5.1)

15.2 (8.4)

0.001

70

Other days affected

1.3 (2.4)

2.9 (3.5)

0.008

2.6 (3.4)

Total days affected

21.0 (9.4)

24.0 (9.6)

0.161

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%).
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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.
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Indirect cost

Total cost

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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Figure 2: Household’s financial challenges, coping mechanisms and
economic impact from a hospitalized dengue case
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60%
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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.
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Sold
items

Borrowed from
family/friends

Quite a lot or
substantial

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]
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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
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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 outof-pocket spending on medical and nonmedical 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 nonhospitalized 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
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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 countryspecific 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
treatment resources and total 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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