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a b s t r a c t

To estimate the burden and cost of chikungunya in India, we searched for cases of fever
and joint pain in the village of Mallela, Andhra Pradesh, and collected information on the
demography, signs, symptoms, healthcare utilization and expenditure associated with the
disease. We estimated the burden of the disease using disability-adjusted life years (DALYs).
We estimated direct and indirect costs and made projections for the district and state
using surveillance data corrected for under-reporting. On average, from December 2005
to April 2006, each of the 242 cases in the village led to a burden of 0.0272 DALYs (95% CI
0.0224–0.0319) and a cost of US$37.50 (95% CI 30.6–44.3). Overall, chikungunya in Mallela
isability-adjusted life years
conomic costs
ational drug therapy

ndia

led to 6.57 DALYs and a loss of US$9100. Out-of-pocket direct medical costs accounted for
68% of the total. From January to December 2006 the burden for Kadapa district was 160
DALYs (cost: US$290 000). Over the same period the burden for Andhra Pradesh was 6600
DALYs (cost: US$12 400 000). While the burden was moderate, costs were high and mostly
out of pocket.

© 2009 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd. All
. Introduction

Chikungunya virus is transmitted through the bite of
n infected Aedes mosquito. The disease presents with
udden onset of fever and joint pains, which are often inca-
acitating. The acute febrile phase can evolve towards a
hronic phase, with persisting arthralgia that may last for
everal weeks. The disease is rarely fatal. There is no vac-

ine available; prevention and control depends entirely
n vector control measures. Symptoms can be managed
hrough effective oral medications, including painkillers
e.g. paracetamol) and non-steroidal anti-inflammatory

∗ Corresponding author. Tel.: +91 413 233 4168.
E-mail address: thomas.seyler@gmail.com (T. Seyler).

035-9203/$ – see front matter © 2009 Royal Society of Tropical Medicine and H
oi:10.1016/j.trstmh.2009.07.014
rights reserved.

drugs. Antibiotics and injections are unjustified, ineffective
and costly. In addition, they may have side-effects.

Since 2005, chikungunya re-emerged around the Indian
Ocean,1 reaching several southern Indian states, and even
Italy.2 As the disease had been absent from India for 30
years it generated anxiety in the local and national press,
and led to a number of questions. One key issue was the
setting of priorities for the implementation of prevention
and control measures. However, no studies were avail-
able, assessing either the disease or the economic burden
of chikungunya, that would help decision-makers to effi-

ciently allocate scarce resources. There is no universal
health insurance in India, and healthcare expenditure is
largely financed out of pocket.

In October 2005, in the Indian state of Andhra Pradesh,
an increase in the number of patients presenting with

ygiene. Published by Elsevier Ltd. All rights reserved.
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fever and arthralgia was reported. By April 2006 the
state reported more than 25 000 patients with symptoms
compatible with chikungunya. The National Institute of
Virology, Pune isolated the virus in blood specimens of
patients and in Aedes aegypti.3 In March 2006, as the dis-
ease was spreading in Andhra Pradesh, we conducted a
field investigation in an affected village in the state (Mal-
lela, Kadapa district) to estimate the burden of the disease
in terms of disability-adjusted life years (DALYs), and the
economic cost in terms of US dollars.

2. Methods

2.1. Data collection

2.1.1. Village survey
We selected the village of Mallela in Kadapa district,

as local health authorities reported a high number of
chikungunya cases in the area. We conducted the field
investigation on 28 and 29 April 2006. We defined a proba-
ble case of chikungunya as an acute onset of febrile illness
with joint pain since 1 December 2005 among the resi-
dents of Mallela village (1965 inhabitants).4 We searched
for cases door to door, covering the entire village. After
obtaining informed consent we interviewed all proba-
ble case-patients to collect information on demographic
characteristics (age and gender), the episode of illness
(symptoms and their duration, number of working days
lost), healthcare utilization (visits to medical camps, health
centres and hospitalization), treatment received (including
injections – defined as procedures introducing a substance
into the body by piercing the skin or a mucosal mem-
brane) and income (daily wage). To estimate out-of-pocket
expenditure we collected information regarding estimated
expenses incurred in obtaining treatment, including trans-
port to seek care at health facilities.

2.1.2. Cost identification
During the outbreak, public health authorities set

up special medical camps to screen the population for
symptoms, and provide healthcare (such medical camps
for case-finding and treatment are a classical outbreak-
response measure in India). In Kadapa district, medical
camps were conducted in 46 villages. Typically, a camp pro-
vided medical care in the same locality for less than a week
(range: 1–7 days). We selected one typical medical camp
for which documentation was available. We interviewed
medical staff and reviewed reports to estimate the cost
of medical camps (including salaries, transport, equipment
and supplies), by listing the resources used, and estimating
quantities and unit costs. We estimated the average cost
of a visit to a health centre, and the average daily cost of
hospitalization in a tertiary hospital, using data extracted
from the WHO country profile.5

2.2. Data analysis
2.2.1. Disability-adjusted life years (DALYs)
We estimated the burden of chikungunya using DALYs,

which estimate the amount of time, ability or activity lost
by an individual from disability (years lost to disability) or
ical Medicine and Hygiene 104 (2010) 133–138

death (years lost to death) resulting from a disease. This
loss is then adjusted to account for age of onset, severity
of disability and duration of disability. We estimated the
DALYs for each probable case of chikungunya in Mallela
using the formula:6

−
[

DCe−�a

(� − r)2
[e−(�+r)(L)(1 + (� + r)(L + a)) − (1 + (� + r)a)]

]

L represents the years lost to death or disability, and D is
the disease-specific disability weight. C and � are positive
constants, a is the age of the patient in years and r is the
social discount rate (Table 1).

In the absence of a standardized disability weight for
chikungunya in The Global Burden of Disease,7 we distin-
guished between the two phases in the clinical history of
chikungunya: the acute phase, characterized by an acute
episode of fever and joint pain, and the chronic phase,
corresponding to the persistence of joint pain beyond the
disappearance of fever. We assumed the disability weight
for the acute phase of the disease to be 0.81 – equal to
the disability weight used for dengue in Puerto Rico.8 This
assumed that the acute chikungunya symptoms incapaci-
tated a person, leaving them unfit for almost all usual daily
activities. For the chronic phase of the disease we assumed
a disability weight of 0.2, corresponding to rheumatoid
arthritis in The Global Burden of Disease (Table 1).7 To allow
direct comparison with the DALYs from other diseases, we
choose values for C, � and r equal to those used in the World
Development Report.9

2.2.2. Economic cost
We expressed all economic costs in US dollars using

the March 2006 exchange rate (US$1 = 42.9 Indian rupees).
Direct costs met by public expenditure included the cost of
diagnosis and treatment at medical camps and health cen-
tres, and the cost of hospitalization for severe case-patients.
Direct costs also included out-of-pocket expenditure by
affected households (e.g. transport costs to the health cen-
tres, private consultations, medicines).

Indirect costs included loss of income related to absence
from work because of the disease, among patients aged
over 15 years, and to mothers who stayed at home or the
hospital to look after their children aged under 15 years.
There were no vector-control measures during the out-
break in Mallela.

2.2.3. Projections
First, we estimated the burden of disease and the eco-

nomic cost per chikungunya case in Mallela village. We
then projected these estimates to the district (Kadapa) and
state (Andhra Pradesh) levels. At each level we used the
number of chikungunya cases reported by the National
Vector Borne Disease Control Programme10 and adjusted
it for the proportion of cases captured by the surveillance
system (those who sought treatment in medical camps

or public healthcare facilities). Based on a comparison of
surveillance data with the results of a door-to-door sur-
vey in Mallela village, we estimated that the surveillance
system captured 30% of all cases. We checked that the
age- and gender-specific attack rates at the district and
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Table 1
Parameters used to calculate disability-adjusted life years attributable to chikungunya in Mallela village, Andhra Pradesh, India, 2005–2006

Parameter Acute episode of fever and
joint pain

Episode of persistence of joint
pain beyond fever

Value Range Value Range

Age weighting
Constant (C) 0.16243 – 0.16243 –
Parameter (�) 0.04 – 0.04 –

Discount rate (r) 0.03 – 0.03 –
Disability weight (D) 0.81 0.6–0.9a 0.20 0.1–0.3a

Epidemiological parameters
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Mean duration of illness (days) 10
Mean age at onset (a; years)b 39

Used in sensitivity analysis.
Values for Mallela village.

tate levels were proportional to those observed in Mal-
ela. We standardized the DALY estimate by age, using the
001 census data. As the daily income reported in Mallela
ight not have been representative of the district and the

tate as whole, we used a rural daily wage reported in the
iterature,11 and derived the urban wage from the state’s
er capita income and the urban proportion of the popula-
ion. We distributed chikungunya cases between urban and
ural areas in proportion to the relative sizes of the urban
nd rural populations given by the 2001 census.11

.2.4. Sensitivity analysis
We performed a sensitivity analysis to assess the poten-

ial impact of changes in one or more of the estimated
arameters. For the disability weights, we assumed ranges
f 0.6–0.9 and 0.1–0.3 for the acute and chronic phases of
he disease, respectively. For the projection to the district
nd state levels our lower estimate of incidence was the
fficial number of cases reported by the National Vector
orne Disease Control Programme10 (which did not take

nto account cases that were not reported). We constructed
n upper estimate to take into account both the sensitivity
f the surveillance system and the loss of information (case
ttrition) during data transmission. The latter was based on
comparison of the local and national data, indicating that,
ithin a district, local reports included 2.5 times more cases

han national reports. Finally, we ran the analysis with dif-
erent wage levels, allowing daily wages to vary up to 50%
round their baseline values.

. Results

.1. Disease burden

.1.1. DALYs attributable to chikungunya in Mallela
illage

During the door-to-door survey we identified 242
atients who reported symptoms meeting the probable-
ase definition from 1 December 2005 to 29 March 2006
attack rate in the village: 12.3%). Of 134 patients (55%)

or whom a blood specimen was available, 90 (67%) tested
ositive for chikungunya-specific IgM at the National Insti-
ute of Virology, Pune. Of the 242 case-patients, 232 (96%)
xperienced the acute phase only. The mean duration of
he acute and chronic phases was 10 and 19 days, respec-
–90 19 11–28
–80 49 35–73

tively. The mean age of case-patients was 39 years (range:
1–80; Table 1). Twenty-four case-patients (10%) were aged
15 years or younger. The male:female ratio was 0.7.

In the model, each chikungunya case in Mallela vil-
lage led to an average burden of 0.027 DALYs (95% CI
0.0224–0.0319; Table 2). Overall, the chikungunya burden
in Mallela was 6.6 DALYs. The acute phase of the disease
accounted for 6.5 DALYs (97% of the total).

3.1.2. DALYs projections at the district and state levels
From January to December 2006, using surveillance data

adjusted for the proportion of cases captured in the public
healthcare system, we estimated that 6040 chikungunya
cases occurred in Kadapa district. Thus, the estimated bur-
den of chikungunya in Kadapa district was 160 DALYs.
Applying the same projection methods to the state level,
the estimated burden of chikungunya in the state of Andhra
Pradesh from January to December 2006 was 257 034 cases
and 6600 DALYs (Table 3).

3.2. Economic burden

3.2.1. Economic cost of chikungunya in Mallela
We assessed one medical camp that cost US$193, during

which 90 patients were managed (average cost per patient
US$2.10). Among case-patients in Mallela, 73 (30%) vis-
ited a medical camp, 123 (51%) visited a health centre and
30 (12%) were hospitalized (mean duration of hospitaliza-
tion: 5 days). In Mallela, direct medical costs were US$7760
(US$32 per patient, 95% CI 25.8–38.1), and accounted for
86% of the total costs. Of these, 79% were out-of-pocket
expenditures. Seventeen per cent and 76% of adult male and
female case-patients reported no regular income, respec-
tively. The parameters used to calculate the direct and
indirect economic costs of chikungunya in Mallela village
are given in Table 4.

A total of 2200 working days were lost in Mallela
because of chikungunya (8.9 days per case). The estimated
indirect costs of the disease in the village were US$1300
(US$5.45 per case; 95% CI 3.67–7.27), accounting for 14% of

the total costs. Overall, the estimated total economic cost
of the disease in Mallela village was US$9100 (US$37.50
per case; 95% CI 30.6–44.3; Table 2). It was higher in males
(US$43.90 per case) than in females (US$32.90 per case;
P = 0.06), and for patients over 15 years of age (US$37.90
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Table 2
Disability-adjusted life years (DALYs) and economic costs for chikungunya at village, district and state levels, standardized by age and share of rural
population, 2005–2006

Mallela village Standardized value per casea

Total Per case Kadapa district Andhra Pradesh

DALYs
Acute stage 6.50 0.027 0.026 0.025
Persistent joint pain 0.11 0.011 0.013 0.011
Total 6.60 0.027 0.027 0.026

Economic costs
Direct (US$) 7800 32.0 32.0 32.0
Indirect (US$) 1300 5.5 16.0 17.0
Total (US$) 9100 37.5 48.0 49.0
Productivity lossb 2200 8.9 8.3 8.7

a Standardized by age (0–4, 5–14, 15–45, >45 years) for DALYs estimates, and by the share of rural population for indirect costs.
b In days of work.

Table 3
Sensitivity analysis for reported and projected cases of chikungunya, with disease burden in DALYs and economic costs in US$ at the district and state
levels, 2006

Single factor Combined

Incidence Disability weighta Wageb

Low Medium High Low Medium High Low Medium High Low High

Kadapa
Cases 1822 6040 15 386 6040 6040 6040 6040 6040 6040 1822 15 386
DALYs 49 160 410 120 160 180 160 160 160 36 460

Costs US$ (000)
Direct 58 190 490 190 190 190 190 190 190 58 490
Indirect 30 100 250 100 100 100 70 100 120 21 330
Total 88 290 740 290 290 290 260 290 310 79 820

Andhra Pradesh
Cases 77 535 257 034 654 717 257 034 257 034 257 034 257 034 257 034 257 034 77 535 654 717
DALYs 2000 6600 17 000 4900 6600 7400 6600 6600 6600 1500 19 000

Costs US$ (000)
Direct 2500 8200 21 000 8200 8200 8200 8200 8200 8200 2500 21 000

0
0

; high = [
.2].
Indirect 1300 4200 11 000 4200 420
Total 3800 12 400 32 000 12 400 12 40

a Disability weights [acute, chronic]: low = [0.6, 0.1]; medium = [0.81, 0.2]
b Wages [rural, urban]: low = [0.58, 3.3]; medium = [1.2, 3.7]; high = [1.7, 4
per case) compared with others (US$33.0 per case; P = 0.33).
The cost of chikungunya was also higher among adult
females reporting a regular income (US$41.60 per case)

Table 4
Parameters used to calculate direct and indirect economic costs of chikun-
gunya, Mallela village, Andhra Pradesh, India, 2005–2006

Estimated value

US$ Indian rupees

Direct costs by sector
Public

Outpatient
Medical camp per patient 2.10 90
Health centre per patient 2.19 94
Hospitalization (day) 6.53 279

Private
Out-of-pocket expensesa 25.20 1080

Indirect costs
Daily wage for mena 1.05 45
Daily wage for womena 0.26 11

a Mean value for Mallela village.
4200 3000 4200 5500 900 14 000
12 400 11 200 12 400 13 700 3400 35 000

0.9, 0.3].

than among those reporting no regular income (US$28.0
per case; P = 0.04).

3.2.2. Projections of economic costs at the district and
state levels

Our projection suggested that, from January to Decem-
ber 2006, the estimated total economic cost of chikungunya
was US$290 000 in Kadapa district and US$12 400 000 for
the state of Andhra Pradesh (Table 3).

3.3. Sensitivity analysis

In Mallela, when the disability weight varied, the burden
per chikungunya case ranged from 0.020 to 0.0304 DALYs.
For the village, the total DALYs attributable to chikungunya
ranged from 4.84 to 7.35. There was no variation according

to the number of cases, as the door-to-door survey gener-
ated a reliable estimate of incidence.

In Kadapa district, when the disability weight varied, the
DALYs estimate ranged from 120 to 180, but there was no
impact on the economic cost. When the incidence varied,
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he DALYs estimate varied from 49 (low-incidence sce-
ario) to 410 (high-incidence scenario). When rural and
rban daily wages varied from US$0.60 to US$1.70 and
S$3.30 to US$4.20 respectively, the total economic costs

anged from US$260 000 to US$310 000. Similarly, at the
tate level, the sensitivity analysis in terms of disability
eight gave a burden estimate that ranged from 4900

o 7400 DALYs, whereas the lower and upper incidence
cenarios using intermediate disability weights lead to esti-
ates that ranged from 2000 to 17 000 DALYs. When the
ages varied, the economic cost ranged from US$11 200

00 to US$13 700 000 (Table 3).

. Discussion

Our study adds to another previously conducted on
he burden of chikungunya in India.12 The previous study
eported comparable, although lower, estimates for DALYs
nd productivity loss. However, our work brought addi-
ional information. First, it relied on field survey data for
ey parameters, such as the duration of symptoms and the
umber of working days lost. Second, it took into account
he actual, measured sensitivity of the surveillance system.
hird, our estimates for economic costs included direct
osts, with public and out-of-pocket expenditure. Since
he latter constituted a large share of total cost, they were
mportant to consider.

From January to December 2006 a total of 1 391 165
ases of chikungunya were reported throughout India.10

f we assume the same proportion of capture of cases
sensitivity) by the surveillance system, and apply DALY
stimates from Mallela village, the national burden of
hikungunya would reach 120 000 DALYs in 2006. This
ould represent 1.2% of the 10 178 000 HIV/AIDS DALYs

nd 14% of the 844 000 malaria DALYs for the year
002.13 It would also be lower than the 226 000 DALYs of
apanese encephalitis and the 184 000 of dengue in 2002.13

he lower burden is despite the higher disability weight
e used for the acute phase of chikungunya than those

ssigned to dengue (0.21), malaria (0.191) and Japanese
ncephalitis (0.616) in the WHO Global Burden of Disease
stimates.13

A number of factors may explain this difference. First,
he incidence of chikungunya in 2006 was lower than the
ncidence of malaria in India in 2002. Second, unlike the
ther three vector-borne diseases, death is extremely rare
n chikungunya. As no deaths were reported in Mallela, our

odel assumed that no deaths occurred at district or state
evel. There have been deaths associated with chikungunya
ever in the French Island of La Réunion, but they were rare
case-fatality rate: 0.05%), were associated with underly-
ng conditions,14 and occurred among older people, leading
o few years lost to deaths in terms of DALY calculations.
hird, the chronic phase only affected 4% of cases, was of
imited duration (mean: 19 days), did not lead to major
bsenteeism and accounted for a small proportion of the

ALY estimate.

On average, in the village we studied, a chikungunya
ase cost the government sector US$6.78 for care at medical
amps or health centres, or for hospitalization. By contrast,
he patient, or their family, spent on average US$25.20
ical Medicine and Hygiene 104 (2010) 133–138 137

and experienced an average productivity loss equivalent
to US$5.47. Economic losses attributable to chikungunya
were therefore largely borne by affected households. Sixty-
seven per cent of all costs were out-of-pocket expenditure.
These financial losses should be considered in the light of
the average daily wage in Mallela, which was US$1.05 for
men and US$0.257 for women. Overall, the estimated total
cost per chikungunya case in Mallela village was slightly
lower than the total economic loss attributable to a dengue
patient requiring hospitalization in Thailand (US$37.50 vs.
US$44).15

We do not have a breakdown of out-of-pocket
expenditure, and thus cannot say what proportion was
unnecessary. However, more than a third of all case-
patients in Mallela village used antibiotics as part of their
treatment.16 Antibiotics are ineffective against chikun-
gunya, and can only facilitate antimicrobial resistance. No
specific education campaign on the use of antibiotics was
run in the village, but there was a slight decline in the
proportion of case-patients treated with antibiotics over
time (from 65% in the first 2 weeks of the outbreak to 30%
in the last 2 weeks; National Institute of Epidemiology,
unpublished data). The proportion of patients who took
antibiotics was 45% among those who visited a health camp
or a public sector healthcare facility; against 34% among
those who sought care elsewhere (National Institute of Epi-
demiology, unpublished data). In addition, in Mallela, 96%
of suspected case-patients received at least one injection
during their treatment.15 Injections are costlier, no more
effective than oral painkillers,17 and may lead to infec-
tions associated with unsafe practices. Thus, irrational use
of medicines may have led to the majority of the economic
burden of the disease. Alternative use of these resources
(opportunity cost) could have improved the welfare of the
patients and their families.

Our analysis suffered from three main limitations. First,
our study is based on the experience of one village, which
might not be representative of all the affected areas in
Andhra Pradesh and India. To address this limitation, in
our projections at the district and state levels we adjusted
surveillance data for the number of reported cases, the
age structure of the population, and the urban/rural wage.
However, in the absence of available data suggesting oth-
erwise, we used Mallela data for the duration of symptoms
and the direct economic cost per case. The spending pat-
tern in Mallela might not be representative of other rural
areas of Andhra Pradesh, let alone urban areas.

Second, we used surveillance data to estimate the num-
ber of cases in Kadapa district and Andhra Pradesh. This
may have led us to underestimate the incidence because,
at the time of the outbreak, chikungunya was not on
the list of diseases that must be reported through the
national system. While we adjusted for under reporting,
uncertainty remained. We attempted to deal with that
uncertainty using various incidence scenarios. Under the
worst-case scenario, the national burden estimate would

be 337 000 DALYs in 2006. Even in this scenario, chikun-
gunya would still represent less than half the burden
of malaria, but would exceed the burden of dengue and
Japanese encephalitis estimated in 2002. This level of inci-
dence might not be sustained beyond the first years of



of Trop
138 T. Seyler et al. / Transactions of the Royal Society

re-emergence of the disease in a susceptible population
(the reported incidence of chikungunya decreased in 2007
in India). Overall, the uncertainty in the incidence estimate
and its impact on the burden estimate in our sensitivity
analysis emphasize the need for a good surveillance system
to generate quality data to promptly identify and manage
emerging and re-emerging diseases.

Third, we conducted our survey shortly after the peak
of the outbreak. Thus, it might have been too soon to esti-
mate the proportion of case-patients with long-term joint
pain. However, 96% of the patients had a self-limited illness,
and the majority of the burden was secondary to the acute
phase. Thus, it is unlikely that a long-term follow-up would
have yielded a substantially different burden estimate.

The DALY burden of chikungunya may be consid-
ered moderate when compared with other public health
problems, particularly vector-borne diseases. However,
it should be considered and managed as one of the
additional burdens contributed by the presence of Aedes
mosquitoes. Thus, chikungunya prevention and control
should be addressed within the broader picture of dengue
control efforts. From an economic point of view, our anal-
ysis suggests that the costs secondary to chikungunya
were substantial for the poor, were mostly borne out of
pocket and were driven by healthcare providers. Thus,
an active communication strategy targeting health profes-
sionals, aimed at promoting the rational use of medicines,
is needed to avoid the poor population spending substan-
tial resources on unnecessary medications that could even
be harmful. Overall, our recommendations in the area of
improving surveillance, integrating the control of Aedes
mosquitoes and rational use of medicines illustrate that
prevention and control of emerging and re-emerging infec-
tious diseases should occur through long-term healthcare
system strengthening.
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