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ABSTRACT

Objective: To assess the prevalence of Japanese encephalitis virus 

(JEV) and associated risk factors in the swine population of Assam. 

Methods: A total of 432 swine serum and blood samples were 

collected from Barpeta and Sonitpur districts of Assam and were 

screened for the presence of JEV antibodies. Information related 

to risk factors was collected using a self-designed questionnaire 

from 120 swine-rearing farmers. Linear-mixed models were used 

for prevalence estimation. Univariate and multivariate regression 

models were constructed to evaluate the association of demography, 

season and management practices with JEV positive status. 

Results: Overall, the JEV infection prevalence was 51.6% at farm 

and 47.1% at slaughter premises. Phylogenetic analysis of partial 

sequence of envelope gene of two positive field samples revealed 

that both isolates belonged to genotype Ⅲ JEV. Isolate 1 shared a 

common clade with human isolates while isolate 2 belonged to the 

same clade as that of other JEV swine strain isolated from India. 

The final multivariate model showed that two factors including 

monsoon season (Adjusted OR 5.6; 95% CI 2.1-14.9; P<0.001) and 

water logging in the area near the pig shelter (Adjusted OR 16.9; 

95% CI 6.1-47.3; P<0.001) were associated with greater odds of 

swine being infected with JEV. 

Conclusions: High prevalence of JEV in swine population of 

Assam state indicates a significant risk of virus transmission to 

humans while risk factor study underlines the urgent need for 

awareness campaigns in the Assam.

KEYWORDS: Japanese encephalitis virus; Genotypes; Prevalence; 

Risk factors; Swine

1. Introduction

  Japanese encephalitis (JE) is a re-emerging mosquito-borne 

flaviviral zoonotic disease prevalent in large parts of Asia. JE is 

one of the leading causes of childhood mortality and morbidity in 
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Significance

Assam state has reported the highest number of human JEV 

cases in India during the last decade. The present study showed 

high prevalence of JEV in swine population of Assam. The 

genotype Ⅲ JEV was identified in swine population with one 

of the isolates sharing a common clade with human isolates, 

indicating spillover of infection. Risk factors associated with 

JEV infection can be utilized by health authorities to implement 

sentinel surveillance and awareness programs in endemic areas 

to prevent transmission of virus to humans.
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countries of Southeast Asia and Western Pacific region[1,2]. It is 

estimated that 67 900 human JE cases occur every year worldwide 

with 30% case fatality[3] and permanent psychiatric or neurological 

disorders may occur in 30% of encephalitis cases[4]. 

  Swine play an important role in JEV transmission cycle as they 

aid in pre-epizootic amplification of the virus owing to the multiple 

factors including high natural infection rate (98%-100%), high 

viraemia that remains optimal enough to infect mosquitoes for 

up to 4 days, vector mosquito propensity to feed on swine and 

high birth rates[5]. The JE virus (JEV) transmission from swine 

to humans takes place through the bite of Culicine mosquitoes, 

mainly the members of Culex vishnui group, which breed in water 

pools and flooded rice fields, and bite primarily during the twilight 

hours[6]. Swine is a good sentinel for forecasting of JE outbreaks 

as it seroconverts 2-3 weeks before infection occurs in humans[5,7]. 

The coincidence of JE sero-positivity in swine population with the 

number of human JE cases reported in a particular region is well 

known[8].

  Assam is a Northeastern state of India and is home to 34.5 million 

human population, more than 80% of the population is inhabitant 

of rural areas and 36% falls below poverty line[9]. People are 

economically dependent on agriculture and rice is grown in two-

third of the total cultivated land. Assam has the largest swine 

population (15.86%) in the country[10,11]. Swine and cattle egrets, 

found in abundance in rural areas near paddy field ecosystems 

in Assam play an important role in JE virus transmission[12]. JE 

is endemic in several parts of India including Assam. The state 

has reported approximately 46.95% of total JE positive cases in 

the country during the year 2019[13]. The cases of JE in humans 

have been appearing in sporadic and epidemic forms in Assam, 

since 1976. The maximum number of 4 573 human JE cases were 

reported from Assam state of India, leading to 1 121 deaths during 

the last decade[13]. 

  The human cases of JE have also been reported from Sonitpur 

and Barpeta districts of Assam[12,14] albeit the status of JE in swine 

populations of these districts has not been previously explored. 

Limited studies have been conducted in other parts of the state 

to understand the prevalence of JE in the swine population[15,16]. 

Taking this into account, the current study was envisaged to 

understand the prevalence and the risk factors associated with JE in 

domestic pigs (Sus scrofa domesticus) in the Assam state. 

2. Materials and methods

2.1. Ethical approval and consent from the of the farm/
animal owners

  The study protocol was assessed and approved by the Deemed 

University, ICAR-Indian Veterinary Research Institute (approval 

No. F.4-6/5925/18-Acad). The field samples were collected by 

veterinarians adhering to the regulations and guidelines on animal 

husbandry and welfare, Government of India. The samples were 

collected after taking consent of the farm/animal owners.

2.2. Study area 

  The current study was conducted in Barpeta (26°32´N 91°00´E) 

and Sonitpur (26°63´N 92°8´E) districts of Assam, India during July 

2019 to June 2020. The Assam state shares the international borders 

with Bangladesh and the Kingdom of Bhutan. The climate of state 

is characterized by heavy monsoon downpours and has four distinct 

seasons including summer/pre-monsoon (March to May), monsoon 

(June to September), post monsoon/autumn (October to November), 

and winter (December to February). The two predominantly rural 

districts were selected due to the typical epidemiological setting 

of JEV in these regions which include backyard pig farming and 

waterlogged paddy fields. Human cases of JE have been reported 

from these districts[12], but the status of JE infection in swine 

population(s) remains unknown. As per the Ministry of Health and 

Family Welfare, Government of India, Barpeta and Sonitpur are part 

of the JE endemic areas of Assam[14].

2.3. Sample size estimation and collection

  The sample size (n=432) was calculated using Epi InfoTM software 

assuming 17% prevalence[15,16], swine population of 11 blocks of the 

two districts Barpeta and Sonitpur (n=53 486)[11], 95% confidence 

level, 5% absolute precision and a design effect of 2. Based on the 

convenience in terms of willingness of farmers to allow sample 

collection from their animals, a total of 120 samples were collected 

from 60 households of 5 blocks of Barpeta and 60 households 

of 6 blocks of Sonitpur districts. In addition, 312 samples were 

collected from the block-level (above-mentioned district blocks) 

backyard slaughter premises. A total of 108 blood samples each 

were collected during four distinct seasons, as previously described. 

Overall, 215 samples from Barpeta and 217 samples from Sonitpur 

were collected. Apprcoximately 2-3 mL blood was collected in 

serum and blood collection tubes (BD Vacutainer®) from the ear 

vein of pigs. 

2.4. Questionnaire design

  A detailed questionnaire was designed to understand the risk 

factors associated with Japanese encephalitis. The questionnaire 
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consisted of information relating to farmers including vaccination 

of children against JEV, history of JE in the family, knowledge 

about JE; information relating to swine husbandry practices such 

as total number of pigs owned by the household, distance between 

the pig barn and other animals in the shed, distance of pig shelter 

from owner’s home, total number of shelters available for the 

pigs, hygienic condition of the pig barn, water-logging in the area, 

presence of mosquitoes in the shed, birds seen near the pig barn, 

and questions related to swine age, sex and the nutritional status. 

However, the requisite information could only be collected from 

120 pig farmers of the selected districts as the information from 312 

slaughtered pigs was not available. 

2.5. IgG and IgM ELISA

  The previously standardized recombinant NS1 protein-based 

indirect IgG ELISA[17] and IgM ELISA[8] were used to screen the 

swine serum samples for antibodies against JEV. The recombinant 

protein (NS1) was purified using available JEV NS1 gene clones, 

maintained in the Division of Veterinary Public Health, Indian 

Veterinary Research Institute. The diagnostic sensitivity and 

specificity of the ELISA kits was 91% and 97% for IgG ELISA and 

95.3% and 98.6% for IgM ELISA, respectively.

2.6. RNA extraction, RT-PCR and Real time RT-PCR

  The RNA was extracted from JEV infected Vero cells (positive 

control) and from the field swine blood samples using the Trizol LS 

(Invitrogen) reagent as per manufacturer’s instructions. A two step 

RT-PCR assay was used for screening of samples using published 

primers specific for NS1 gene[18]. The samples that were positive 

for NS1 gene of JEV were further screened using self-designed 

degenerate primers (Supplementary Table S1) targeting envelope 

gene of JEV for the purpose of nucleotide sequencing. The reaction 

mixture and amplification conditions for the degenerate primers 

targeting envelope gene of JEV were same as that of NS1 gene. The 

TaqMan probe-based two-step real time RT-PCR was also used to 

screen field swine blood samples for JEV and for quantification 

of viral copy numbers in field samples[19]. The standard curve was 

prepared using cDNA of JEV and the viral copy number in each 

positive sample was calculated. 

  The positive control consisted of GP78 strain of JEV maintained 

in Vero cell lines in Division of Veterinary Public Health, Indian 

Veterinary Research Institute, India.

2.7. Sequencing and phylogenetic analysis 

  RT-PCR products (n=2) of the envelope gene of JEV were 

sequenced using Sanger sequencing method from Eurofins 

Genomics, India. The resulting base pair sequences were aligned 

using BioEdit Sequence Alignment Editor with reference sequences 

of different JEV genotypes derived from NCBI GenBank database. 

Phylogenetic analysis of JEV was performed for the envelope gene 

by comparing with published sequences of JEV isolates to know 

the genotype of JEV circulating in swine population of Assam, 

India (Supplementary Table S2). A multiple and pairwise alignment 

was generated by ClustalW program in MEGA X software and 

best evolutionary model for estimating genetic distances between 

sequences was estimated using the ‘Models’ function. Phylogenetic 

tree was constructed by neighbor-joining method based on 

Kimura-2 parameter model.        

2.8. Outcome and explanatory variable(s)

  The JE positive status of swine was considered as an outcome 

variable using combination of tests in parallel viz., considered 

positive if positive in either of IgM ELISA, IgG ELISA, RT-PCR 

or real time RT-PCR. A total of 16 explanatory variables were 

considered in the present study. These included place and month 

of sample collection, number of pigs per household, distance of 

pig shelter(s) from the farmer’s home, number of pig shelters in a 

household, number of pigs in each shelter, number of pig farms in 

the vicinity, hygienic condition of the farm, water logging in the 

area, presence of mosquitoes in the shed, presence of ardeid birds 

near the farm, age and sex of animals, type of pig shelter, presence 

of cattle, sheep, goat and/or other animals near pig shelter(s). 

2.9. Statistical analyses

  All statistical analysis was conducted in R statistical program (R 

statistical package version 3.4.0, R Development Core Team (2015), 

http://www.r-project.org), except when mentioned otherwise. 

  To account for clustering, the disease prevalence was estimated 

using linear mixed models with the variable sampling site (Farm 

or Slaughter premises) as a fixed effect and district as a random 

effect. Sampling weights were also applied in the prevalence 

estimates to account for disproportionate sampling at the district 

level. The R packages ‘Survey’, ‘Remotes’, and ‘Syvlme’ were used 

in the analysis. The overall prevalence was calculated after using 

combination of tests in parallel viz., considered positive if positive in 
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either of IgM ELISA, IgG ELISA, RT-PCR or real time RT-PCR.

  The Cohen’s Kappa and its 95% confidence intervals were 

calculated using Epitools epidemiological calculators (http://

epitools.ausvet.com.au) to determine the diagnostic agreement 

between serological and molecular tests.

  For risk factor investigation(s), univariate binomial logistic 

regression models were constructed to understand the association of 

explanatory variables with the outcome variable and Chi-square test 

was applied. The Fisher’s exact test was applied to two explanatory 

variables (presence of mosquitoes in the shed and type of pig 

shelter) as conditions of the Chi-square test were violated. However, 

the explanatory variables where Fisher’s exact test was applied 

were also tested during the multivariate logistic regression analysis. 

Initially, the explanatory variables with a univariate P value 

(likelihood-ratio Chi-square or Fisher’s exact) of <0.25 and with 

<10% missing values were included. The model was constructed 

using forward selection (likelihood ratio), stepwise approach. 

Variables with a P value >0.25 in the univariate analysis were also 

tested in the final model. The final model included the explanatory 

variables with a P value of <0.05. The explanatory variables in the 

final model were also tested for biologically important two-way 

interactions. The variance inflation factors were used to test for 

multi-collinearity in the final model. Likelihood ratio Chi-squared 

goodness-of-fit statistic and residuals were used to determine 

adequacy of the final model.

3. Results 

3.1. Prevalence of JE infection

  The frequency distributions of 432 samples screened in the 

analysis have been presented in Supplementary Table S3. The 

JE prevalence estimates are presented in Table 1. Overall, the JE 

infection prevalence was found to be 51.6% (95% CI 50.5-52.6) at 

farm and 47.1% (95% CI 45.4-48.8) at slaughter premises (Table 

1). Highest prevalence was recorded using real time RT-PCR 

(farm premises=38.3%; slaughter premises=39.4%) followed by 

IgM ELISA (farm premises=19.9%; slaughter premises=12.7%), 

conventional RT-PCR (farm premises=12.5%; slaughter 

premises=6.7%) and IgG ELISA (farm premises=5.1%; slaughter 

premises=5.8%) (Table 1). The diagnostic agreement between 

serological (IgG and IgM ELISA) and molecular assays (RT-PCR 

and Real time RT-PCR) was 11.9% (95% CI 3.4%-20.4%).

Table 1. Prevalence of Japanese encephalitis virus infection in swine 

estimated using linear-mixed models after accounting for clustering at the 

district level and adjusting for sampling (applying sampling weights) in 

Assam (India), 2019-2020.

Sampling location Beta Prevalence  95% CI P value
IgG ELISA
  Farm   5.1   5.1 4.0-6.2 Reference
  Slaughter premises   0.7   5.8 3.9-7.5 0.07
IgM ELISA
  Farm 19.9 19.9 19.3-20.6 Reference
  Slaughter premises   7.2 12.7 11.8-13.6 <0.001*

Conventional RT-PCR^

  Farm 12.5 12.5 11.2-13.8 Reference
  Slaughter premises   5.8 6.7 3.7-9.8 <0.001*

Real time RT-PCR
  Farm 38.3 38.3 38.1-38.5 Reference
  Slaughter premises   1.1 39.4 38.8-40.1 <0.001*

Overall positive (tests in parallel)
  Farm 51.6 51.6 50.5-52.6 Reference
  Slaughter premises   4.5 47.1 45.4-48.8 <0.001*

Sampling weights (district Barpeta=0.097; Sonitpur=0.903). ^Sampling 

weights were not assigned due to model non-convergence (minimal 

differences). *P<0.05.

3.2. Infection level and genotypic characterization

  The viral copy number ranged from 10 copies to 106 copies/

reaction, with maximum positive samples (50%) having copy 

number less than 100/reaction (Table 2) and this might be the reason 

for less detection rate in conventional RT-PCR. Comparatively high 

viral copy number was found in samples collected during monsoon 

and post monsoon seasons as compared to winter and summer 

seasons (Table 2).

Table 2. Description of season-wise Japanese encephalitis virus positive 

swine samples with different viral copy numbers.

Viral copy No. Monsoon
Post 

monsoon
Winter Summer

Total positive 
samples

106   3  3  0  0   6
105   3  1  0  0   4
104   5  3  2  2  12
103   6  4  3  1  14
102 15 11  8 10  44
10   8  5 41 26  80
Total 40 27 54 39 160

  The sequences of the two positive samples were submitted to 

NCBI GenBank and accession numbers were obtained (MW201807 

and MW201808). Phylogenetic analysis of partial sequence of 

envelope gene of the samples AJE2 and AJE3 revealed that both the 

sequences belonged to genotype Ⅲ of JEV. The isolates from this 

study were found to fall into two different clades. The isolate AJE2 

(MW201807) shared a common clade with human isolates GP78 

(isolated in 1978 in India), GP05 (Isolate from 2005 JE epidemic in 

Uttar Pradesh, India), and 89P131 (Japanese isolate), while isolate 

AJE3 (MW201808) belonged to the same clade as that of the strain 

JEV/SW/IVRI/395A/2014 which has been previously isolated from 

aborted pig foetus in U.P, India (Figure 1).
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3.3. Risk factor investigation

  The information relating to risk factor investigation was collected 

for 120 pigs from their respective owners using structured 

questionnaire when sampled at farm premises. Out of 120 pig 

owners, only 29% were aware of JE infection whereas vaccination 

of children against JE was not carried out in either districts of 

Assam under study. The frequency distribution of 16 explanatory 

variables has been presented in Supplementary Table S4. The 

univariate results of the individual animals for the explanatory 

variables are presented in Supplementary Table S5. The variables 

including month (monsoon versus post monsoon: OR 4.3; 95% CI 
2.0-9.3; P<0.001), hygienic status of the farm (clean versus very 

dirty; OR 119.0; 95% CI 6.5-2180.5; P<0.001) and water logging 

in the area (OR 14.2; 95% CI 5.7-35.6; P<0.001) were strongly 

associated with the JE positive status of a pig (Supplementary Table 

S5). The final multivariable model at the individual animal level 

is presented in the Table 3. After adjusting for the other variables, 

the final multivariable model showed that monsoon season (month 

of September) was associated with larger odds (Adjusted OR 5.6; 

95% CI 2.1-14.9; P<0.001) of pigs being infected with JE virus as 

compared to the post- monsoon season (month of November). The 

water logging in the area near the pig shelter was also associated 

with larger odds (Adjusted OR 16.9; 95% CI 6.1-47.3; P<0.001) of 

pigs being infected with JE virus as compared to the dry area.

Table 3. Final multivariate model for Japanese encephalitis virus infection 

status outcome conducted in swine population of Assam (India), 2019-2020.

Parameters b SE (b) Odds ratios 95% CI P value
Constant -2.7 0.5 1
Month
  November Reference <0.001*

  September 1.7 0.5 5.7 2.1-14.9
Water logging in the area
  Absent Reference <0.001*

  Present 2.8 0.5 16.9 6.1-47.3
*P<0.05.

4. Discussion

  The present study report a high prevalence of JEV infection in 

swine population of Assam, India. The results can be correlated with 

the highest number of JE positive human cases (n=962) reported 

from Assam state of India during the study period of year 2019-

2020[13]. The high prevalence of JEV infection in Assam might be 

attributed to several factors including ecology of the state. The high 

temperature and humidity during most parts of the year, presence 

of paddy fields and the prolonged rainy season support the breeding 

of Culex mosquitoes which are involved in the transmission of 

JEV[20]. The high prevalence of JEV in swine population has been 

recorded in other Asian countries also. For example, a prevalence 

of 74.5% (95% CI 73.7-86.4) in swine population of ten provinces 

has been reported from Vietnam[21] whereas 60% prevalence has 

Japanese encephalitis virus CN80 envelope protein gene partial cds

Japanese encephalitis virus envelope protein mRNA partial cds

Japanese encephaltis virus isolate SCGA01 envelope protein gene partial cds
Japanese encephaltis virus T263 envelope protein gene partial cds

Japanese encephalitis virus strain CJN-S1 complete genome

Japanese ecehlitis wius gene for poltin prtal cds srain JEV/Mo/Kyoto/824/1982
Japanese ecephalis vius ML117 evelope poen gene patal cds

Japanese encephalitis virus gene for envelope protein partial cds isolate: JaOAr251

Japanese encephalitis virus isolate 80P205 envelope protein gene partial cds
Japanese encephalitis virus CH109 envelope protein gene partial cds
Japanese encephalitis virus strain AJE3 envelope protein gene partial cds
Japanese encephalitis virus isolate JEV/SWIVRI/395A/2014 complete genome

Japanese encephalitis virus isolate 89P131 envelope protein gene partial cds
Japanese encephalitis virus strain GP05 envelope protein gene partial cds
Japanese encephalitis virus strain GP78 complete genome
Japanese encephalitis virus strain AJE2 envelope protein gene partial cds

Japanese encephalitis virus isolate JEV/LKO/04 envelope protein gene partial cds
Japanese encephalitis virus isolate JEV/LKO/01 envelope protein gene partial cds
Japanese encephalitis virus isolate JEV-GKP/0945372 polyprotein gene partial cds
Japanese encephalitis virus strain KPP82-39-214CT complete genome
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Figure 1. Phylogenetic tree representing nucleotide sequence homology of partial Envelope gene sequence of Japanese encephalitis virus isolates.
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been reported in Bali, Indonesia[22]. Sero-surveillance of swine 

population is an essential component of JE surveillance as the 

increase or decrease in the level of sero-prevalence in swine helps 

to indirectly evaluate the likelihood of zoonotic transmission to 

humans[23,24].

  High sero-prevalence was recorded by IgM ELISA (farm 

premises=19.9%; slaughter premises=12.7%) as compared to IgG 

ELISA (farm premises=5.1%; slaughter premises=5.8%) indicating 

the recent infection of JEV in swine population of Assam. A 

previous study reported 11.3% sero-positivity in swine population 

of Kamrup, Jorhat, Lakhimpur, and Goalpara districts of Assam[15]. 

The sero-positivity of 30% was reported in swine population of 

Bangladesh, which shares the international border with Assam[20].

  The highest prevalence was recorded using real time RT-PCR 

(farm premises=38.3%; slaughter premises=39.4%) as compared 

to conventional RT-PCR (farm premises=12.5%; slaughter 

premises=6.7%) which might be due to the low diagnostic 

sensitivity of the conventional RT-PCR assay. The higher diagnostic 

sensitivity of real time RT-PCR as compared to conventional RT-

PCR for detection of JEV has also been previously reported[18,19]. 

The maximum positive samples (77.5%) by real time RT-PCR in the 

present study were having low viral copy number (≤100/reaction) 

in part explaining for the low detection rate of conventional RT-

PCR. Further, low viral copy number might be the reason behind 

less antibody response as evident from the difference observed in 

positivity rate of real time RT-PCR and ELISA. Similar observation 

was recorded by researchers in case of COVID-19 infection; patients 

who did not sero-convert were having low viral copy numbers[25]. 

  There was a low agreement between serological and molecular 

assays. This was expected due to the circulation of virus for shorter 

periods in the blood and antibody kinetics of JEV in swine. The 

JEV remains in swine blood for 2-4 days followed by appearance 

of IgM antibodies at day 5 and later switching of the class to IgG 

antibodies[6,8]. Since swine infected with JEV do not show any 

clinical signs except abortion and stillbirth in rare cases[26], it 

becomes imperative to use both serological and molecular tests to 

assess the true picture of JEV in swine population.

  In the present study, high viremia and the associated highest sero-

positivity was found during monsoon and post-monsoon seasons 

although the antibodies against the virus and viral RNA were 

detected in swine population across all the seasons. Thus, it can 

be concluded that JE virus transmission from swine to humans 

in Assam might occur throughout the year with high chances of 

transmission during monsoon and post-monsoon seasons. A study 

has reported round the year presence of JE vectors in Assam with 

peak during monsoon season[16]. 

  The phylogenetic analysis of partial sequence of envelope gene of 

two positive JEV samples revealed that both belonged to genotype 

Ⅲ and were found to fall into two different clades. The positive 

sample AJE2 (MW201807) shared a common clade with Indian 

isolates of human origin which reiterates the fact that there is a 

spillover of virus from swine to humans. Recently, another study 

in Assam reported three JEV positive samples from swine with all 

three belonging to genotype III[15].

  The current study demonstrated that monsoon season and water 

logging in the area were associated with large odds of swine being 

infected with JE virus infection. Several factors such as presence 

of water logging in paddy fields, close proximity of swine farming 

to residential areas, high temperature and humidity, and the rainy 

season support the breeding of Culex mosquitoes and are likely to 

perpetuate the transmission of JE in the state[27]. During monsoon 

season, flooding of paddy fields provides a suitable environment for 

proliferation of the mosquito population and an increase in mosquito 

population is responsible for spread of JE virus infection in human 

settlements[28]. A study revealed that 55.1% of the reported JE cases 

in Assam during the years 2000 to 2002 were from families engaged 

in swine rearing[29]. Surprisingly, only 29% pig owners of Barpeta 

and Sonitpur districts of Assam were aware of JE infection, while 

JE vaccination in children was not carried out in these districts 

though both the districts have reported human cases of JE in the 

past. The lack of knowledge of JE amongst most of the pig owners 

underlines the urgent need for awareness campaigns in the Assam. 

Awareness campaigns such as “Dastak (A knock at the door)” 

conducted by government in Uttar Pradesh state of India, have been 

attributed to the steep fall in the number of cases and deaths for both 

Acute encephalitis syndrome and JE during 2018[30], reinforcing the 

importance of education and awareness of farming community.

  The current study had some limitations. The non-availability of 

sampling frame did not allow us for random sampling. In addition, 

proportion to size sampling could not be conducted. However, 

we constructed linear-mixed models to account for clustering and 

adjusted for sampling weights. 

  Overall, the authors reported a high prevalence of JE virus in swine 

population of Assam state, indicating a significant risk of virus 

transmission to humans. It is recommended that health authorities 

of the state must consider implementation of sentinel surveillance 

of JE virus in swine population along with the routine vaccination 

of children, generating awareness in the target populations and 

mosquito control measures to prevent outbreaks of JE in humans.
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