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Background & objectives: Several outbreaks of acute encephalitis syndrome (AES) have been reported in 
Alappuzha district, Kerala State, India, in the past. The aetiology of these outbreaks was either inconclusive 
or concluded as probable Japanese encephalitis virus (JEV) infection based on clinical presentation. The 
role of West Nile virus (WNV) in AES outbreaks was also determined. However, the extent of WNV 
infection has not been studied in this region previously. A population-based cross-sectional serosurvey 
study was undertaken to determine the seroprevalence of JEV and WNV in Alappuzha district.
Methods: A total of 30 clusters were identified from 12 blocks and five municipalities as per the probability 
proportional to size sampling method. A total of 1125 samples were collected from all age groups. A 
microneutralization assay was performed to estimate the prevalence of JEV and WNV neutralizing 
antibodies in the sample population.
Results: Of 1125 serum samples tested, 235 [21.5%, 95% confidence interval (CI): 15.2-27.8%] and 
179 (15.9%, 95% CI: 9.6-22.3%) were positive for neutralizing antibodies against WNV and JEV, 
respectively. In addition, 411 (34.5%, 95% CI: 26.7-42.2%) were positive for cross-reactive antibodies 
against flaviviruses.
Interpretation & conclusions: The study showed the seroprevalence of WNV and JEV antibodies in the 
surveyed area and the WNV seroprevalence was greater than JEV. It is necessary to create awareness in 
public and adopt suitable policy to control these diseases.
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Japanese encephalitis virus (JEV) and West Nile 
virus (WNV) belong to the Japanese encephalitis 
(JE) antigenic complex of viruses within the family 
Flaviviridae that are a cause of viral encephalitis 
in humans. These viruses cause asymptomatic 
infection in the majority of the infected humans. Most 

infections with JEV are subclinical1, with a ratio of 
symptomatic to asymptomatic infections estimated to 
be 1:25-1:10002,3. Most of the clinical studies related 
to WNV emphasize WN encephalitis and WN (WN) 
meningitis. However, the studies from the United 
States and Romania revealed that meningitis or 
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encephalitis occurred in only about one of 150 infected 
persons4. Both the viruses are transmitted mainly by 
Culex sp. in different parts of India5. JE is a major 
public health problem in the Asian sub-continent, 
accounting for more than 16,000 reported cases and 
5000 deaths annually6. Over three billion individuals 
live in JE epidemic and/or endemic countries. It is 
estimated that approximately 67,900 JE cases have 
occurred annually in 24 countries, with only 10,426 
cases reported in 20117,8. The fatality rate in JE clinical 
cases ranges from 20 to 30 per cent, with neurologic 
or psychiatric sequelae observed in 30-50 per cent of 
survivors. In India, many encephalitis outbreaks have 
been associated with JEV9. Swine and ardeid birds are 
major amplifying hosts for JEV. 

WNV causes fever and neuroinvasive disease. 
Birds are the natural reservoir of the virus. The virus 
is maintained in nature by a mosquito–bird–mosquito 
transmission cycle. Mammals serve primarily as 
dead-end hosts because their transient viraemia is 
inadequate to infect Culex mosquitoes. WNV is now 
endemic globally; however, most previous epidemics 
occurred mainly in rural populations, with a few cases 
of severe neurological disease10. In India, antibodies 
against WNV were first detected in human serum 
samples from Bombay in 195211 and subsequently in 
South Arcot district of Tamil Nadu12. Fatal cases with 
WNV infection were reported in children unlike in 
older age groups in other countries13.

The first reported acute encephalitis syndrome 
(AES) outbreak in Kerala, India, occurred in Kuttanad 
region between January and February 1996, causing 
105 cases and 31 deaths14. Although JEV was reported 
to be an aetiological agent associated with the outbreak, 
there were some exceptional features noticed during 
the outbreak. The seasonality of the outbreak was 
different from the one known for JE in Kerala. Most of 
the patients were from the adult age groups, whereas JE 
occurs mainly in children15. Another outbreak occurred 
in 1997 causing 121 cases and 19 deaths14. The role 
of WNV in AES cases was not ruled out during the 
reported outbreaks, and thereafter, no major AES 
outbreaks were reported. We have reported an AES 
outbreak during May through July 2011 in Kerala, 
India16. The patients had a high fever with headache 
and one or more neurological deficits, including altered 
sensorium, disorientation, irritability, neck rigidity 
and vomiting. WNV was isolated from the serum 
of a patient with acute fever and serological assays 
confirmed WNV as the aetiology in this outbreak. 

Further, WNV genome sequencing and phylogenetic 
analysis confirmed that the virus belonged to lineage 
1 of WNV17.

Prevalence of JEV and WNV infections in 
Alappuzha district is unknown. The prevalence of 
antibodies against JEV and WNV has not previously 
been investigated in this region. It has become 
necessary to understand the extent of the infection 
to plan and implement the intervention measures. 
Whereas a licensed vaccine exists for JEV, none are 
available for WNV, making the determination of 
aetiology critical for decision support. Since there were 
no data regarding the population exposure to WNV and 
other flaviviruses, it was thus essential to have baseline 
information on seroprevalence of these viruses in the 
region. Therefore, a cross-sectional serosurvey was 
conducted to estimate the seroprevalence of these 
infections in Alappuzha district, Kerala. Samples were 
taken from 1135 individuals, including all age groups 
from different areas to acquire a cross-section of the 
Alappuzha district population.

Material & Methods

A population-based, cross-sectional serosurvey 
was carried out after the last reported case of WNE in 
Alappuzha district during September-October 2012. The 
survey was completed within a month. The serosurvey 
was conducted in Alappuzha, also known as Alleppey, 
a district in the state of Kerala, India. This region of 
India is surrounded by the coast of Arabian Sea on the 
west and by the Western Ghats in the east and has a 
population of 2.122 million. The district is divided into 
12 blocks and five municipalities. A total of 30 clusters 
were identified from 12 blocks and 5 municipalities 
as per the probability proportional to size sampling 
method. The sample size was calculated based on the 
assumption of 50 per cent seroprevalence with precision 
of 5 per cent, design effect = 3, number of clusters = 
30. Using CSurvey 2.0 (UCLA free software for cluster 
survey), the calculated sample size was 1157 and it 
was rounded to 1200. The total number of samples 
was divided by 30 (clusters), and the calculated sample 
size per cluster was 40. All the villages/wards within 
the selected panchayat/municipality were enlisted and 
serially numbered. A random number was generated 
and was considered for the selection of first sampling 
village/locality. The subjects were covered in equal or 
proportionate age groups.

Demographic data collected from the participants 
included age, sex, education level, occupation, income 
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and comorbidities. Blood (3-5 ml) was collected in 
vacutainers and transported to the National Institute of 
Virology (NIV), Kerala Unit, Alappuzha, in cold chain 
at 2-8°C. Serum was separated and stored in at least 
three aliquots at −20°C.

The study was approved by the ethics committee of 
NIV, Pune and written informed consent was obtained 
from all participants.

Antibody detection: Exposure to JEV and WNV was 
confirmed by estimating the presence of antibody by 
a virus microneutralization assay18. The assay was 
done in porcine stable (PS) kidney cells (NCCS, 
Pune) using virus isolates JEV (733913) and WNV 
(G22886) by observing the cytopathic effect in a 
96-well tissue culture plate (Corning Life sciences, 
USA). The standard virus isolates were obtained from 
Virus Repository, National Institute of Virology, Pune. 
Mouse polyclonal anti-JEV and -WNV antibodies 
(positive controls) along with a non-immune serum 
(negative control) were included in each assay. The 
polyclonal antibodies were obtained from encephalitis 
group, National Institute of Virology, Pune.

Micro-virus neutralization assay: Neutralization assay 
was performed as described by Sapkal et al18. Briefly, 
PS kidney cell-adapted virus was used in this assay. 
Two-fold serially diluted sera were incubated with two 
log tissue culture infective dose, 50 per cent (TCID50) 
of the test virus for an hour at 37°C. The test virus- 
antibody mixture was added to a pre-formed monolayer 
of PS kidney cells in 96-well plates and incubated at 
37°C with 5 per cent CO2 for 72 h. Ten-fold dilution of 
virus without antibody (virus control), mouse polyclonal 
anti-JEV and -WNV serum (positive control) with two 
log TCID50 of respective virus and normal non-immune 
serum (negative control) was added in respective 
wells as a control in this assay. Neutralizing titre was 
expressed as the reciprocal of the serum dilution at 
which 50 per cent of virus added was neutralized. The 
initial dilution used in this assay was 1:5 and the last 
dilution used was 1:320. A sample having a titre of 
≥1:20 was considered positive. JEV and WNV were 
identified specifically by a four-fold difference in titre. 
The samples showing titre above twenty and equal for 
both JEV and WNV were considered to be equivocal.

Statistical analysis: The participants were first 
stratified according to their age, sex and area of 
domicile. Thereafter, they were divided into the 
following age groups of <15, 15-44, 45-64 and 65 yr 

and above for comparison and statistical analysis. The 
area of domicile was divided into two strata, urban 
and rural based on population density. The sample 
weight was calculated as described by Bennett et 
al19. Analysis was carried out using complex sample 
module as implemented in Epi-info version 7 (CDC, 
USA)

Results

A total of 1135 samples were collected from 
all the clusters. The testing could not be performed 
on 10 samples either due to insufficient amount or 
contamination. The results of 1125 samples were 
considered for further analysis. Block/municipality 
samples collected and seropositivity based on their 
Neutralization titres (NT) for JEV and WNV are given 
in the Table I.

Of 1125 samples tested, 235 [21.5%, 95% 
confidence interval (CI): 15.2-27.8%] and 179 
(15.9%, 95% CI: 9.6-22.3%) were confirmed positive 
for WNV and JEV, respectively. Equivocal results 
were observed in 411 (34.5%, 95% CI: 26.7-42.2%) 
samples and 300 (28.1%, 95% CI: 21-35%) samples 
were negative for both JEV and WNV. Of the 
non-specific Flavivirus neutralizing antibodies, JEV 
and WNV neutralization titres of 1:20 were recorded 
for 27 per cent and 22 per cent of the equivocal samples, 
respectively.

Age, sex and rural and urban distribution of 
JEV and WNV positives are given in Table II. No 
significant difference was noticed in percentage 
positivity in different age groups for both JEV and 
WNV. The percentage positivity of neutralizing 
antibodies against WNV was higher than the 
percentage positivity of neutralizing antibodies 
against JEV in all age groups analyzed in this study, 
except for the 0-14 yr age group. Of 1125 samples 
collected, 155 samples were from urban settings and 
970 were from rural settings.

Discussion

A WNE outbreak leading to three deaths occurred 
in this region7, but not a single case was reported 
from the known JE endemic areas. As both JEV and 
WNV share same ecological conditions, seasonality 
and vectors, it became very difficult to categorize the 
introduction of WNV into the JE endemic area. Since 
there was no documentation of the risk of JE and other 
flaviviruses, in this study region, before this outbreak, it 
was thus necessary to have baseline information on the 
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seroprevalence of these viruses in the region. Owing to 
the high number of cases in the non-endemic region, it 
has become necessary to understand the extent of the 
infection in the area to plan and implement the control 
measures.

Our study result indicated that the overall 
seroprevalence of JE and WNV in Alappuzha district 
population was 37 per cent without including equivocal 
results. In other endemic areas such as Karnataka 
and Tamil Nadu, serological responses studied using 
haemagglutination inhibition and neutralization test 
have indicated that the seroprevalence of both JEV and 
WNV antibodies was nearly 50 per cent in the adult 
population11.

Our study showed the presence of both JEV and 
WNV activity in the Kerala region, India. The human 
serological survey indicated an active focus of 
Flavivirus infection in Kerala, probably linked to the 
first invasion of the archipelago by WNV. Detection 
of JEV and WNV IgM antibodies in humans during 
2011 indicated that Flavivirus infections probably 
occurred during this period and the infection might 
spread in the population16. We have thus resorted 
to increasing surveillance activity, collection 
and storing of appropriate samples from AES cases 

and serological survey in the affected areas to detect 
the new introduction of WNV into Kerala region of 
India.

Our study had some limitations. The low number 
of the samples from the children below the age of 14 
yr old was one of the main limitations. JE vaccination 
has been practiced in Alappuzha district since 2008. 
Children are vaccinated at 18 and 36 months. As per 
the Directorate of Health Services, Kerala, the vaccine 
coverage is approximately 60 per cent (personal 
communication). Therefore, to identify the population 
with immunity following natural infection, vaccinated 
children were excluded from the study. In addition, 
many children were not available during the sampling 
period. They were either in school or the parents 
refused to provide consent to draw blood samples. 
Participation of the low number of male subjects in 
this study was another limitation. The skewed male 
and female ratio (1:3) was due to the non-availability 
of adult male members during sample collection. The 
serological survey was done during weekdays and 
most of the male adult members were away for work. 

The microneutralization assay employed here 
could not differentiate Flavivirus cross-reacting 
antibodies that neutralize both JEV, WNV and to some 

Table I. Block/municipality‑wise Japanese encephalitis virus (JEV) and West Nile virus (WNV) neutralizing antibodies positivity in 
Alappuzha district
Blocks/municipalities 
(number of localities)

Total samples (n=1125) JEV Nab positivity WNV Nab positivity Equivocal$ Negativeδ

Thycattusserry (1) 48 6 9 29 4
Pattanakkad (3) 87 16 13 23 35
Kanjikuzhi (2) 91 14 22 38 17
Cherthala municipality (1) 41 0 21 17 3
Aryad (2) 58 10 6 14 28
Alappuzha municipality (2) 77 4 23 47 3
Ambalapuzha (2) 99 2 11 79 7
Chambakulam (2) 74 8 12 20 34
Veliyanad (1) 28 5 5 2 16
Chengannur (2) 70 31 5 10 24
Haripad (3) 116 25 41 21 29
Mavelikkara (2) 101 20 10 34 37
Bharanikkavu (3) 82 22 18 27 15
Muthukulam (3) 116 14 23 40 29
Kayamkulam municipality (1) 37 0 16 4 17
$The titre of neutralizing antibodies was equal for both JEV and WNV and considered equivocal; δNegative for neutralizing antibodies 
against both JEV and WNV. Nab, neutralizing antibody
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extent dengue virus. Serological cross-reactivity 
among flaviviruses has been well documented20. In 
this study, approximately 35 per cent of the samples 
showed equivocal results which interfered with 
estimation of the true seroprevalence of JEV and 
WNV. WNV-specific IgG ELISA (West Nile Detect™ 
IgG ELISA, InBios International, USA) was done on 
some selected samples which included equivocal-, 
WNV- and JEV-positive samples. The assay is specific 
to WNV IgG and confirmed that JEV NT-positive 
samples were negative for WNV IgG. Interestingly, 
the equivocal samples were positive for WNV IgG, 
confirming cross-reactivity between JEV and WNV. 
Therefore, if we consider the equivocal sample as 
JEV and WNV reactive, the overall seroprevalence 
would increase to 72 per cent. This was a very high 
seropositivity for this region.

In conclusion, this study showed that human 
infection with JE and WN viruses was common in this 
area and that the overall seroprevalence to both these 
viruses was 37 per cent and possibly as high as 72 per 
cent if unidentified Flavivirus antibodies were included. 
Although these viruses cause neurological disease in 
a very low percentage of exposed individuals, special 
attention needs to be given to people with pre-existing 
comorbid conditions and the elderly people. Public 
awareness should be created and suitable policies 
adopted to control mosquito vectors.
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