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Detection of Chikungunya Virus in Nepal
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Abstract. Chikungunya virus (CHIKV) is an emerging alphaviral disease and a public health problem in South Asia
including Nepal in recent years. In this study, sera were collected from patients presenting with fever, headache, muscular
pain, fatigue, and joint pain of both upper and lower extremities. A total of 169 serum samples were tested for CHIKV
and dengue virus (DENV) by using Immunoglobulin M (IgM) and Immunoglobulin G (IgG) antibody using enzyme-
linked immunosorbent assay (ELISA) method during August to November 2013. Results showed that 3.6% and 27.8%
samples were positive for CHIKV and DENV IgM positive, respectively. Similarly, results of IgG showed 3.0% samples
were positive for CHIKV IgG and 29.0% were for DENV IgG positive. Further, a 50% focal reduction neutralization
test (FRNT50) was performed to confirm the presence of CHIKV, which demonstrated that 8.9% of CHIKV IgM and/or
IgG ELISA positive possessed neutralizing anti-CHIK antibodies. To our knowledge, this is the first report in which the
presence of CHIKV is confirmed in Nepalese patients by FRNT50. Basic scientists and clinicians need to consider CHIKV
as a differential diagnosis in febrile Nepalese patients, and policy makers should consider appropriate surveillance and
actions for control strategies.

Chikungunya virus (CHIKV) is a mosquito-borne febrile
illness that is transmitted to humans through the bite of
infected Aedes aegypti andAe. albopictusmosquitoes.1 CHIKV
belongs to the Alphavirus genus of the Togaviridae family
whereas dengue viruses (DENVs) belong to genus Flavivirus
of the family Flaviviridae. Both CHIKV and DENV are
transmitted by the same mosquito vectors. The CHIKV was
first isolated and characterized in humans and mosquitoes
during an outbreak in Tanzania and Mozambique in 1955.2

Afterwards, several outbreaks of CHIKVoccurred and affected
millions of people in eastern, southern, central Africa and
Asia.3 CHIKV was introduced in the Americas in October 2013.
As of April 2015, over 1,322,893 cases have been suspected and
30,309 confirmed to be CHIKV in the Americas.4 It generally
causes mild illness but sometimes can lead to severe and life-
threatening complications. The disease is characterized by an
acute illness with fever, chills, headache, nausea, vomiting,
joint pain with or without swelling, low back pain, and skin
rash. DENV can progress to dengue hemorrhagic fever and
dengue shock syndrome while CHIKV causes arthralgia,
which may persist for months.5 There is similarity in signs
and symptoms of CHIK and DEN, which increases risks
for misdiagnosis and underreporting of CHIKV infection in
DEN-endemic areas.5 The incubation period of CHIKV is
usually 2–10 days, with constitutional symptoms lasting up
to 7 days. The symptoms usually resolve within days to a few
weeks; but in severe cases, these symptoms may last for
months. Herein, we report a serological study of possible
CHIKV infection with confirmation by 50% focal reduction
neutralization test (FRNT50) among febrile patients for the
first time in Nepal.
During August to November 2013, physicians observed more

patients presenting with fever and joint pain in three large hos-
pitals of Terai region of Nepal namely Narayani Sub-Regional
Hospital, Birgunj, Parsa; Rapti Zonal Hospital, Ghorahi, Dang;
and Mahakali Zonal Hospital, Mahendranagar, Kanchanpur
(Figure 1). The clinical features of those patients were consis-

tent with DEN fever and included fever, rashes, and thrombo-
cytopenia. These patients were initially diagnosed clinically as
DEN and managed accordingly. A blood sample was collected
from all febrile patients at the time of admission to the hospi-
tals (1–7 days after onset of fever). Samples were centrifuged
and maintained at 4°C until they arrived in our research center
at Kathmandu. The sera were stored at −70°C until assayed.
Initially, serum samples were screened for the presence

of Immunoglobulin G (IgG) and Immunoglobulin M (IgM)
antibodies against DENV using a microtiter plate enzyme-
linked immunosorbent assay (ELISA) (Standard Diagnostics
Inc., Korea) at Kathmandu, Nepal. The ELISA test was per-
formed according to the manufacture’s protocol and inter-
preted either positive or negative on the basis of absorbance
with respect to cutoff values. A sample was considered posi-
tive if the absorbance was greater than the cutoff value (0.3 +
average of negative value).
The serum samples were shipped to Institute of Tropical

Medicine, Nagasaki University, Nagasaki, Japan to perform
IgG, IgM ELISA and FRNT50 for CHIKV. In-house IgM-
capture ELISA was carried out using the protocol described
by Bundo and Igarashi6 with minor modifications. Ninety-
six-well microplates were coated with 100 μL (5.5 μg/100 μL)
of anti-human IgM and incubated at 37°C for 1 hour. Wells
were blocked with Block Ace and were incubated at room
temperature (RT) for 1 hour. After incubation, wells were
washed with phosphate buffer saline (PBS) containing 0.05%
Tween 20 (PBS-T) three times. Test samples, positive and
negative controls were diluted 1:100 in PBS-T and 100 μL
aliquots were distributed into duplicate wells. The plate was
incubated at 37°C for 1 hour and then washed as described
above. CHIKV (strain: S-27 African prototype) antigen (128
ELISA units) was added 100 μL/well and incubated at 37°C
for 1 hour. After washing, 100 μL/well of 1:150 dilution of
HRP-conjugated anti-CHIKV rabbit polyclonal antibody was
added and incubated at 37°C for 1 hour. In case of DENV
IgM ELISA, tetravalent DENV antigen and 1:2,500 dilution
of HRP-conjugated anti-flavi mousemonoclonal antibody was
used.7 After washing, 100 μL/well of o-Phenylenediamine
dihydrochloride substrate was added and was kept in the
dark at RT for 1 hour. To terminate the reaction, 100 μL/
well of 1 N sulfuric acid was added to each well, and then
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the optical density (OD) was read at 492 nm (Multiscan
JX, model no. 353; Thermolab System, Tokyo, Japan). A
positive control OD492 (or sample)/negative control OD492

ratio greater than or equal to 2.0 was considered positive.
In-house indirect IgG ELISA, purified CHIKV (strain: S-27
African prototype) and was used as assay antigen for CHIK
indirect ELISA. For DENV IgG indirect ELISA, was car-
ried out following the protocol described previously.8 The
protocol for CHIK IgG detection was the same as the IgM
detection method except in, assay antigen purified was used
for coating plate, dilution of the samples were 1:1,000 and
HRP-conjugated anti-human IgG dilution was 1:30,000. A
standard curve was prepared using the OD492 values of the
CHIKV-positive control sera starting with a 1,000-fold dilu-
tion, followed by serial 2-fold dilutions. A sample titer equal
to or greater than 1:3,000 was considered to be positive.
For FRNT50, 150 μL of each dilution of the serum samples

were mixed with an equal volume of CHIKV, which con-
tained 60 focus-forming units, followed by incubation at
37°C for 1 hour for a virus-antibody neutralization reaction.
The virus and serum mixture was inoculated into vero cell
monolayer in a 96-well plate at 37°C for 1 hour. After incu-
bation, the infected cells were overlaid with 1.25% methyl-

cellulose 4,000 in 2% fetal calf serum (FCS) minimun
essential medium (MEM). The plates were then incubated
at 37°C for 30 hours. The plates were washed with PBS,
fixed with 4% paraformaldehyde phosphate buffer solution
for 30 minutes at RT, rinsed, and permeabilized with 1%
NP-40 solution in PBS per well for 30 minutes at RT.
After washing, the plates were blocked with Block Ace for
30 minutes at RT. In-house anti-CHIKV rabbit IgG (diluted
1:3,000), was then added, incubated at 37°C for 1 hour and
washed. Subsequently, 1:1,000 diluted HRP-conjugated goat
anti-rabbit IgG were added to the plates and incubated at
37°C for 1 hour. The staining was visualized by the addition
of a 0.5 mg/mL solution of substrate 3, 3′-diaminobenzidine
tetrahydrochloride in PBS with 0.03% of H2O2 added at
RT for 10 minutes, and the staining reaction was allowed to
proceed. After washing the stained cells, the number of foci
per well were counted by using a microscope. The recipro-
cal of the end point serum dilution that provided a 50%,
or greater, reduction in the mean number of foci relative to
the control wells that contained no serum was considered to
be the FRNT50 titer.
A total of 169 serum samples were tested for IgM and IgG

against CHIKV and DENV by using IgM capture ELISAs

FIGURE 1. Map of Nepal showing three ecological zones, five development regions, 75 districts, and study sites.
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and IgG ELISAs.8 Results of IgM capture ELISAs showed
that six (3.6%) samples were positive for CHIKV IgM only,
47 (27.8%) for DENV IgM only, and three (1.8%) for both
CHIKV and DENV IgM positive (Table 1). Similarly, results
of IgG indirect ELISA showed five (3.0%) samples were posi-
tive for CHIKV IgG only, 49 (29.0%) for DENV IgG only,
and two (1.2%) for both CHIKV and DENV IgG positive
(Table 1). Further, FRNT50 was performed to confirm the
presence of CHIKV among anti-CHIKV IgM and/or IgG
positive samples. Fifteen samples (8.9%) of CHIKV IgM
and/or IgG ELISA positive possessed neutralizing anti-CHIK
antibodies. In this study, 83 (49.1%) clinically suspected
febrile cases were negative for both DENV and CHIKV.
There is a possibility of other tropical and infectious dis-
eases in this area. Typhoid fever and malaria are the other
common causes of fever in low land Terai.
Some of the patients showed positive IgM results for both

CHIKV and DENV, suggesting sequential infection by the two
viruses in a short period or by concurrent infection with both
viruses. A concurrent CHIKVandDENVinfection was reported
in India,9 Srilanka,11 Singapore,12 and other countries.10

Although a single case report of CHIKV in Nepal has been pub-
lished,13 no molecular confirmation by polymerase chain reac-
tion has been reported in Nepal. In this study, the detection of
anti-CHIKV IgM and/or IgG indicate recent and past infection
of CHIKVin Nepal. It also shows that CHIKV has been circulat-
ing in this country. The data herein provide the first reported
CHIKV infections in Nepalese patients confirmed by neutraliza-
tion assay among the CHIKV IgM and/or IgG positives. As
CHIKV was detected among clinically suspect DEN Nepalese
isolates, results indicate a need for improved differential diagno-
sis in febrile patients in DEN-endemic areas as well as consider-
ation in disease control strategies.
The CHIKVandDENV vectorsAe. aegypti andAe. albopictus

were already established in the Terai region of southern
Nepal.14 Most of the health workers in Nepal may be unfa-
miliar with CHIKV since there is no orientation program or
surveillance system for CHIKV in Nepal. The initial signs
and symptoms of both DEN and CHIK are quite similar,
which may lead to difficulties in making an appropriate pro-
visional diagnosis. Laboratory diagnosis plays a vital role for
differential diagnosis between CHIK fevers and other febrile
illness. To perform accurate diagnosis, there is an urgent need
for sensitive and specific rapid diagnostics tests, which can be
used at hospitals in peripheral health settings. Although pre-

vious observations suggested that CHIKV does not prog-
ress to fatal hemorrhagic fever syndrome and is considered
a relatively benign self-limiting illness, neurological manifesta-
tions along with other complications have been reported more
frequently.15,16 A recent study suggested that CHIKV may
induce transient immune suppression that allows opportunistic
infections to cause disease in patients.17 There have been fre-
quent outbreaks of CHIKV in India,9 and a potential threat
of transmission between Nepal and India exists. Nepal bor-
ders with India in the south, east, and west parts; and the two
countries share similar climates and population movement.
We recommend surveillance for CHIKV, its vectors and pre-
paredness to prevent future outbreaks of CHIKV infection in
Terai region of Nepal.
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