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Abstract
Background We estimated the incidence of Japanese encephalitis (JE) and acute encephalitis syndrome (AES) following 
routine immunization with the live-attenuated SA 14-14-2 JE vaccine.
Methods We implemented enhanced surveillance of AES and JE hospitalizations in endemic districts in Maharashtra and 
Telangana States during 2015–2016 and 2018–2020. We estimated incidence and compared differences in the incidence of 
JE and AES between two states, and vaccinated and unvaccinated districts during two study periods. We also considered 
secondary data from public health services to understand long-term trends from 2007 to 2020.
Results The annual AES incidence rate of 2.25 cases per 100,000 children in Maharashtra during 2018–2020 was signifi-
cantly lower than 3.36 cases per 100,000 children during 2015–2016. The six JE-vaccinated districts in Maharashtra had sig-
nificantly lower incidence rates during 2018–2020 (2.03, 95% CI 1.73–2.37) than in 2015–16 (3.26, 2.86–3.70). In addition, 
the incidence of both JE and AES in two unvaccinated districts was higher than in the vaccinated districts in Maharashtra. 
Telangana had a lower incidence of both JE and AES than Maharashtra. The AES incidence rate of 0.95 (0.77–1.17) during 
2018–2020 in Telangana was significantly lower than 1.67 (1.41–1.97) during 2015–2016.
Conclusions The annual incidence rate of Japanese encephalitis was < 1 case per 100,000 children. It indicated accelerated 
control of Japanese encephalitis after routine immunization. However, the annual incidence of acute encephalitis syndrome 
was still > 1 case per 100,000 children. It highlights the need for improving surveillance and evaluating the impacts of 
vaccination.
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1 Introduction

Japanese encephalitis (JE) is an important public health 
concern globally [1]. South-east Asia and the West Pacific 
region are the most endemic to JE, with 68,000 cases each 
year, mostly among children [1]. The actual incidence of JE 
is unknown. The estimates suggest yearly 14,000–20,000 
fatal cases [2]. There is no specific treatment. However, vac-
cination is a safe and very effective preventive measure [3].

India is endemic to JE, with over 2500 cases and over 
500 deaths per year [4]. The National Vector Borne Disease 
Control Programme (NVBDCP) reports thousands of cases 
of acute encephalitis syndrome (AES) and also JE every 
year in India [5]. The JE cases are decreasing recently due 
to awareness and vaccination [6]. The AES and JE cases are 
reported year-round in Telangana and Maharashtra States 
in the central region of India among children [7] and also 
adults [8].

The JE vaccination using the live-attenuated 14-14-2 JE 
vaccine was first introduced in priority endemic districts in 
2006 and thereafter in a phased manner as a single 0.5 ml 
subcutaneous dose during mass vaccination campaigns 
among 1–15 years children [9]. A single dose of the JE vac-
cine was later included in the routine immunization sched-
ule for children aged 16–24 months and was implemented 
until 2013. Later, since 2013, two doses were implemented 
in routine immunization schedules in priority endemic dis-
tricts implemented with mass vaccination campaigns. The 
first dose was recommended at 9–12 months of age and the 
second dose at 16–24 months was co-administered with the 
Measles-Rubella vaccine [10].

In India, AES is primarily caused by the JE virus, mostly 
among children. Despite JE vaccination implementation in 
routine immunization schedules following mass vaccination 
campaigns, JE disease continues to occur [7, 11], though not 
with epidemic potential, but with a significantly high case 
fatality rate and lifelong sequelae among survivors, which 
are lacking the much-needed attention and efforts requires 
for awareness, support and care [8].

There are no studies estimating incidence rates of enceph-
alitis in medium-endemic Central India following the imple-
mentation of JE vaccination. Hence, we estimated the AES 
and JE incidence rates in Telangana and Maharashtra States 
in post-JE vaccine implementation periods for assessing the 
impacts of JE vaccination on the incidence of JE and AES.

2  Methods

2.1  Study Design

We estimated incidence based on two surveillance studies 
using enhanced surveillance of AES and JE hospitaliza-
tions in endemic districts of Maharashtra and Telangana, 
implemented during 2015–2016 and 2018–2020. In addi-
tion, we used secondary data and reports of JE and AES 
cases reported by public health departments for under-
standing long-term trends during 2007–2020 following the 
implementation of JE vaccination among children.

2.2  Setting

The sentinel hospital-based enhanced surveillance was 
undertaken in endemic areas as a multi-centric study in 8 
districts of eastern Maharashtra and 16 districts of north-
ern Telangana.

2.3  Study Population and Area

We considered surveillance and investigation of hospitali-
zations across all age groups during 2018–2020, whereas 
only children < 15  years of age were studied during 
2015–2016. The cases for these studies were the patients 
hospitalized from all six districts of the Nagpur division 
of health services and adjoining Yavatmal and Amravati 
districts from the Akola division of health services in 
Maharashtra State, along with 16 districts in the Warangal 
division of health services in Telangana State.

2.4  Study Procedures

The Institutional Ethics Committees approved the study 
protocol at the reference laboratory and collaborating hos-
pitals. We sought written informed consent from parents 
or guardians before the enrollment of patients in the study.

2.5  Surveillance and Case Definitions

We actively searched all neurological hospitalizations in 
pediatric and medicine wards for the verification of clini-
cal features using the case definition of AES implemented 
by the NVBDCP, followed by the specific criteria for study 
eligibility after considering the differential diagnosis by 
treating physicians and confirmed diagnoses based on ini-
tial clinical and laboratory evaluations [7]. We utilized 
serum and cerebrospinal fluid (CSF) testing results for the 
estimation of incidence based on JE-confirmed diagnosis 
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[7]. We used these data for incidence rate estimations for 
two study periods of surveillance.

We also estimated the annual incidence rates of AES and 
JE based on the public health reported data (secondary data) 
along with utilizing the surveillance data (primary data) col-
lected during the year 2015–2016 and 2018–2020. We used 
person-year as the denominator for the estimation of inci-
dence rates. We also attempted a comparison of incidence 
estimates based on public health reports and surveillance 
studies. The annual incidence rate was expressed as the num-
ber of JE and AES cases per 100,000 population per year. 
The population of Maharashtra and Telangana States and 
included districts was obtained from the Census of India.

2.6  Statistical Analysis

We used MS Excel for data compilation and management 
and online statistical software for person-time estimation. 
We summarized the incidence rates with 95% confidence 
intervals for each year, for study districts, along with vacci-
nated and unvaccinated study districts and also for compari-
sons between children and adults. The trends of AES and the 
JE incidence in two states were analyzed using interrupted 
time-series analysis. We considered a p value of < 0.05 as 
significant for comparisons of incidence rates.

3  Results

We present the estimates of the annual incidence rates of 
AES and JE at the state level based on the secondary data 
reported by the public health departments for understand-
ing the long-term trends after the two-dose routine JE vac-
cination (2014–2020) in comparison to the period of two-
dose implementation (2007–2013). In addition, we present 
the incidence rate estimates for the study districts based 

on the primary data from surveillance research studies in 
two different 2-year study periods.

A. Incidence rate estimates based on secondary data 
reported by public health departments.

1. Incidence rate estimates of AES and JE at the state level 
in Maharashtra and Telangana.

In Maharashtra, both AES and JE showed an increase 
in incidence at the state level after two-dose vaccina-
tion (Fig. 1a). After two-dose implementation, a declin-
ing trend of AES was noted in both states, though it was 
nonsignificant.

Based on the state-level data reported by public health 
departments, the annual incidence rate of both AES and 
JE was < 1 case per 100,000 population for Maharashtra 
State before the JE vaccination implementation period 
(2007–2013) and also after two-dose JE vaccine imple-
mentation (2014–2020) (Fig. 1a). The JE and AES inci-
dence in the pre-vaccination implementation period was 
significantly higher in Telangana as compared to Maha-
rashtra (p < 0.001). However, during the post-vaccine 
implementation period, the annual incidence rate per 
100,000 population for AES in Telangana was 0.22 (95% 
CI 0.21–0.24) and 0.03 (95% CI 0.02–0.03) for JE.

2. Incidence rate estimates in study districts of Maharashtra 
as per the JE vaccination status

The annual AES incidence rate of 0.14 (95% CI 
0.11–0.16) cases per 100,000 population in six vaccinated 
districts during 2014–2020 (Fig. 1b) was significantly 
lower as compared to before the vaccination implementa-
tion period [0.24 (95% CI 0.20–0.28)] (p < 0.001). The 
annual JE incidence rate during 2014–2020 was slightly 

Fig. 1  Incidence rate estimates 
of acute encephalitis syndrome 
(AES) and Japanese encepha-
litis (JE) cases per 100,000 
population before and after 
implementation of two doses of 
JE vaccine in routine immuniza-
tion schedule in Maharashtra 
based on public health reported 
cases. a Incidence estimates 
at the state level. b Incidence 
estimates in vaccinated and non-
vaccinated study districts. Error 
bars (whiskers) indicate 95% 
confidence levels for estimates 0
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higher in nonvaccinated districts than in vaccinated dis-
tricts in Maharashtra (Fig. 1b).

B. Incidence rate estimates based on primary data from 
surveillance research studies.

1. Incidence rate estimates of JE and AES among children 
during 2015–2016 and 2018–2020.

The incidence rate estimates of AES in study districts 
in Maharashtra during 2018–2020 (Fig. 2a) were lower as 
compared to 2015–2016 (data not shown). However, the 
incidence rate estimate of JE in study districts in Maha-
rashtra was more than two times higher during 2018–2020 
(Fig. 2b) as compared to 2015–2016 (data not shown). In 
Telangana also, the incidence rate of AES in study dis-
tricts was lower during 2018–2020 (Fig. 1a) as compared 
to 2015–2016 (data not shown). The incidence rate of JE 
was slightly lower in study districts of Telangana during 

2018–2020 (Fig. 1b) as compared to 2015–2016 (data not 
shown).

The overall incidence rate of both AES and JE in study 
districts in Maharashtra was more than two times higher 
as compared to Telangana (Fig. 3a). Incidence rates of 
AES in nonvaccinated study districts in Maharashtra were 
significantly higher during 2018–2020 as compared to 
2015–2016. The incidence rate of AES in nonvaccinated 
districts in Maharashtra during 2018–2020 was over two 
cases per 100,000 population, which was higher than in 
vaccinated districts with the increase seen specifically in 
JE incidence in both nonvaccinated and vaccinated study 
districts in Maharashtra (Fig. 3b).

2. Incidence rate estimates of JE and AES among both chil-
dren and adults during 2018–2020.

Fig. 2  Incidence rate estimates per 100,000 children per year in study districts in Maharashtra and Telangana as per the JE vaccination status 
during 2018–2020. a Acute Encephalitis Syndrome (AES). b Japanese Encephalitis (JE)

Fig. 3  Incidence rate estimates 
of acute encephalitis syndrome 
(AES) and Japanese encepha-
litis (JE) cases per 100,000 
population among children and 
adults during 2015–2016 and 
2018–2020 after the implemen-
tation of routine immunization 
of infants with two doses of 
the live-attenuated SA 14-14-2 
JE vaccine. a Study districts in 
Maharashtra and Telangana. b 
Vaccinated and nonvaccinated 
study districts in Maharashtra
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The incidence rate estimates of AES and JE were sig-
nificantly lower among both children and adults in both 
states during 2018–2020 (Fig. 4a). The AES incidence rate 
among children in Maharashtra was more than two cases per 
100,000 population as compared to Telangana having < 1 
case per 100,000 population. In Maharashtra, incidence rate 
estimates of both AES and JE were lower in vaccinated study 
districts than in nonvaccinated study districts (Fig. 4b).

In summary, incidence rate estimates based on the pub-
lic health reported secondary data showed achievement 
of accelerated control of JE with less than one case of JE 
and also AES per 100,000 population per year. Telangana 
reported lower annual JE and AES incidence rates than 
Maharashtra. The JE incidence rate estimates in nonvac-
cinated districts were slightly higher as compared to vac-
cinated districts in Maharashtra State.

4  Discussion

Although the JE virus is a prominent cause of AES in India 
with an enormous neurological disease burden, the inci-
dence estimates of JE and also AES are not documented 
in India, though cases and outbreaks of JE are continuing 
to be reported in different regions [3, 12, 13]. JE is a major 
public health problem among children in medium-endemic 
Central India [7]. The national estimate [14] of the incidence 
rate of JE was 1.14 cases during 2007–2011 and 1.08 cases 
per 1,000,000 population during 2013–2021 based solely on 
reported secondary public health data. However, the inci-
dence rate estimates for different endemic regions in India 
are not available and also not reliable as they are not based 
on properly planned surveillance data and only used second-
ary reported public health data [1].

In our study, the incidence rate estimates of JE and AES 
in both Maharashtra and Telangana States based on public 
health reported secondary data indicated the achievement of 
accelerated control of both JE and AES. However, a slight 
increase in the incidence of both JE and AES in Maha-
rashtra was seen in the post-JE vaccine two-dose-schedule 
implementation period during 2014–2020 in comparison to 
the earlier period using a single dose implemented during 
2007–2013. In addition, the JE incidence rate was slightly 
higher in nonvaccinated study districts than in vaccinated 
study districts in Maharashtra. Telangana state had a lower 
incidence of AES and also JE in both children and adults 
than Maharashtra. It may be due to all study districts in 
Telangana having implemented JE vaccination as against 
six of eight study districts in Maharashtra. However, in our 
enhanced surveillance studies in both states, annual AES 
incidence among children was > 2 cases per 100,000 popula-
tion, although JE incidence was within accelerated control 
levels.

Earlier incidence estimations were made before 2013, 
the period when the JE vaccination implementation in the 
routine immunization schedule was not implemented. India 
has been divided into low, medium and high JE endemicity 
based on the reported JE cases [1]. Very few studies have 
reported the incidence estimates [15], and those reported are 
mostly from high-endemic areas. In addition, the incidence 
rate estimates were imprecise, mostly based only on second-
ary reported public health data.

At the national level, only one study reported incidence 
estimates [15], along with the forecasted incidence rate in 
India to be 0.49 (95% CI 0.19–1.06) for 2012 and 0.42 (95% 
CI 0.15–0.97) for 2013. In high-endemic regions, the inci-
dence rate of AES from 1978 to 2011 was 0.42 cases per 
100,000 population and during 1993–2000, it was one per 
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100,000 population. During 2008–2012, in the Gorakhpur 
division [16], the average annual incidence of JE was 1.1–1.4 
cases per 100,000 population, with the incidence decreasing 
since 2010, from 1.9 per 100,000 in 2010 to 0.5 per 100,000 
in 2012. In 2011, the estimated AES incidence of all ages 
was 20.2 per 100,000 population. The incidence among chil-
dren aged 0–6 years was 7.97 (6.87–9.25) in Kushinagar in 
Uttar Pradesh [17]. In Bihar [18], the annual incidence rate 
of AES was 4.7–25.0 and 0.55–1.78 of JE cases per 100 
000 population during 2009–2014. Recently, the JE inci-
dence estimate of 10.5 cases per 100,000 in the pre-vacci-
nation period among adults in Assam during 2009–2018 has 
decreased to 5.7 per 100,000 in the post-vaccination period 
[19]. In Assam, from January 2011 to December 2013, JE 
incidence estimates were 2.9 cases per 100,000 children per 
year after the live-attenuated SA 14-14-2 JE vaccine was 
implemented among adults in endemic districts [20].

In summary, AES and JE incidence significantly declined 
among children in both Maharashtra and Telangana States. 
We observed higher AES and JE incidence in both children 
and adults in nonvaccinated districts than in vaccinated dis-
tricts. JE incidence is increasing in adults indicating the need 
to continue surveillance enhancement for tracking adult JE 
and AES cases to help evaluation of the need for considera-
tion of adult JE vaccination.

4.1  Limitations

We could not estimate the JE and AES incidence rates at 
the district levels because of the very low number of JE and 
AES cases reported during the period of interest. In addition, 
we could only estimate the incidence rates of JE and AES 
during the post-vaccine implementation period as our both 
surveillance studies were implemented after 2014. We may 
have underestimated the incidence rates as we used only the 
hospital-based surveillance data, although there are very less 
chances of cases being missed due to the disease severity of 
encephalitis-like illness.

5  Conclusions

Japanese encephalitis continued to occur in the medium-
endemic region of Central India, although at lower levels as 
compared to high-endemic regions. The incidence of acute 
encephalitis syndrome in the medium-endemic region in 
Central India is still high after the implementation of child-
hood Japanese encephalitis vaccination in routine immuniza-
tion schedules. The national programme activities including 
surveillance, management and vaccination need to positively 
consider strengthening efforts for monitoring and consider 
evaluating the need for the expansion of vaccination to new 
areas that reported cases recently.

Acknowledgements The authors acknowledge the critical review and 
approval of the study by the task force along with scientific advisory 
and ethics committees. The state and district-level health officials and 
healthcare workers are acknowledged for their support and help during 
fieldwork. The authors thank the technical teams on the project who 
helped in the fieldwork.

Author Contributions BVT proposed the surveillance research studies, 
defended the same for funding, led the protocol development, sought 
review and inputs for finalization, and supervised data collection, 
management analysis and interpretation. PSD monitored field data 
collection and management along with preparing illustrations on the 
guidance of BVT. PRD guided the estimations and interpretations in 
consultation with BVT and PSD. All the other authors including those 
listed as study group contributed to the execution of study procedures 
and activities at site hospitals, data management and understanding of 
the findings of the study. PSD drafted the manuscript on the continued 
guidance of BVT. PRD provided critical review and significant input 
for manuscript improvements. All the authors reviewed the draft manu-
script, accepted the same and consented to submission decisions by the 
corresponding author. The study collaborators and investigator team 
contributed and helped with study procedures, monitoring activities 
and understanding of the findings along with reviewing the draft and 
approving the final version for submission to the Journal.

Funding The study was funded by the Indian Council of Medical 
Research (ICMR), New Delhi (Grant Number: ICMR/VIR/2/2018/
ECD-I).

Availability of Data and Materials The authors have the data for the 
manuscript. It may be considered for sharing at the request of the 
readers.

Declarations 

Conflict of Interest None.

Ethical Approval and Consent to Participate The Institutional Ethics 
Committees approved the study protocol at the reference laboratory 
and collaborating hospitals. We sought written informed consent from 
parents or guardians before enrollment in the study.

Consent for Publication Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Campbell GL, Hills SL, Fischer M, Jacobson JA, Hoke CH, Hom-
bach JM, Marfin AA, Solomon T, Tsai TF, Tsu VD, Ginsburg AS. 
Estimated global incidence of Japanese encephalitis: a systematic 
review. Bull World Health Organ. 2011;89(10):766–74.

http://creativecommons.org/licenses/by/4.0/


179Journal of Epidemiology and Global Health (2023) 13:173–179 

1 3

 2. European Centre for Disease Prevention and Control. Factsheet 
about Japanese encephalitis. https:// www. ecdc. europa. eu/ en/ japan 
ese- encep halit is/ facts. Accessed 30 Sept 2022.

 3. Kulkarni R, Sapkal GN, Kushal H, Mourya DT. Japanese 
encephalitis: a brief review on Indian perspectives. Open Virol J. 
2018;12:121–30.

 4. National Vector Borne Diseases Control Programme. Directo-
rate General of Health Services. Ministry of Health and Family 
Welfare, Government of India, New Delhi. https:// nvbdcp. gov. 
in/ index1. php? lang= 1& level= 1& subli nkid= 5773& lid= 3693. 
Accessed 30 Sept 2022.

 5. Vasanthapuram R, Shahul Hameed SK, Desai A, et al. Dengue 
virus is an under-recognised causative agent of acute encephalitis 
syndrome (AES): results from a four year AES surveillance study 
of Japanese encephalitis in selected states of India. Int J Infect Dis. 
2019;84:S19–24. https:// doi. org/ 10. 1016/j. ijid. 2019. 01. 008.

 6. Bandyopadhyay B, Bhattacharyya I, Adhikary S, Mondal S, Konar 
J, Dawar N, Biswas A, Bhattacharya N. Incidence of Japanese 
encephalitis among acute encephalitis syndrome cases in West 
Bengal, India. Biomed Res Int. 2013;2013: 896749.

 7. Tandale BV, Bondre VP, Sapkal GN, Gopalkrishna V, Gurav YK, 
Rao RK, Qazi MS, Narang R, Guduru VK, Niswade AK, Jain M, 
Pediatric Viral Encephalitis Study Group. Childhood encephalitis 
hospitalizations associated with virus agents in medium-endemic 
states in India. J Clin Virol. 2021;144: 104970.

 8. Tandale BV, Tomar SJ, Bondre VP, Sapkal GN, Damle RG, 
Narang R, Qazi MS, Goteti PV, Jain M, Jain D, Guduru VK, 
Jain J, Gosavi RV, Sekhar VC, Study-Group IE, Pavitrakar DV, 
Shankarraman V, Mahamuni SA, Salunkhe A, Khude P, Desh-
mukh PS, Deshmukh PR, Raut AV, Niswade AK, Bansod YV, 
Narlawar UW, Talapalliwar M, Rathod P, Jha PK, Rao RK, Jyothi 
K, Taksande A, Kumar S, Mudey G, Yelke BS, Kamble M, Tankh-
iwale S. Infectious causes of acute encephalitis syndrome hos-
pitalizations in Central India, 2018–20. J Clin Virol. 2022;153: 
105194.

 9. World Health Organisation. Vaccine-Preventable Disease surveil-
lance standards for JE. 2018. https:// www. who. int/ immun izati 
on/ monit oring_ surve illan ce/ burden/ vpd/ WHO_ Surve illan ceVac 
cineP reven table_ 10_ JE_ R2. pdf? ua=1. Accessed 31 Mar 2023.

 10. National Vector Borne Diseases Control Programme, Ministry 
of Health and Family Welfare, Government of India. Operational 
guidelines for prevention and control of Japanese Encephalitis 
and acute encephalitis syndrome: Directorate of National Vector 

Borne Disease Control Program. DGHS, MOHFW, Government 
of India; 2014. https:// nvbdcp. gov. in/ Doc/ JE- AES- Preve ntion- 
Contr ol(NPPCJ A). pdf. Accessed 25 July 2021.

 11. Vashishtha VM, Ramachandran VG. Vaccination policy for Jap-
anese encephalitis in India: tread with caution! Indian Pediatr. 
2015;52(10):837–9. https:// doi. org/ 10. 1007/ s13312- 015- 0728-5.

 12. Tandale BV, Tikute SS, Arankalle VA, Sathe PS, Joshi MV, 
Ranadive SN, Kanojia PC, Eshwarachary D, Kumarswamy M, 
Mishra AC. Chandipura virus: a major cause of acute encephalitis 
in children in North Telangana, Andhra Pradesh, India. J Med 
Virol. 2008;80(1):118–24.

 13. Gurav YK, Tandale BV, Jadi RS, Gunjikar RS, Tikute SS, Jam-
gaonkar AV, Khadse RK, Jalgaonkar SV, Arankalle VA, Mishra 
AC. Chandipura virus encephalitis outbreak among children 
in Nagpur division, Maharashtra, 2007. Indian J Med Res. 
2010;132:395–9.

 14. World Health Organization. Japanese encephalitis (JE) reported 
cases and incidence. https:// immun izati ondata. who. int/ pages/ incid 
ence/ JAPENC. html? CODE= Globa l& YEAR. Accessed 30 Sept 
2022.

 15. Potharaju NR. Incidence rate of acute encephalitis syndrome with-
out specific treatment in India and Nepal. Indian J Community 
Med. 2012;37:240–51.

 16. Ranjan P, Gore M, Selvaraju S, Kushwaha KP, Srivastava DK, 
Murhekar M. Changes in acute encephalitis syndrome incidence 
after introduction of Japanese encephalitis vaccine in a region of 
India. J Infect. 2014;69(2):200–2.

 17. Kakkar M, Rogawski ET, Abbas SS, Chaturvedi S, Dhole TN, 
Hossain SS, Krishnan SK. Acute encephalitis syndrome surveil-
lance, Kushinagar district, Uttar Pradesh, India, 2011–2012. 
Emerg Infect Dis. 2013;19(9):1361–7.

 18. Kumar P, Pisudde PM, Sarthi PP, Sharma MP, Keshri VR. Status 
and trend of acute encephalitis syndrome and Japanese encepha-
litis in Bihar, India. Natl Med J India. 2017;30(6):317–20.

 19. Khan SA, Choudhury P, Kakati S, Doley R, Barman MP, Mur-
hekar MV, Kaur H. Effectiveness of a single dose of Japanese 
encephalitis vaccine among adults, Assam, India, 2012–2018. 
Vaccine. 2021;39(35):4973–8.

 20. Kakoti G, Dutta P, Das BR, et al. Japanese encephalitis in hospi-
talized children with AES after introduction of live attenuated SA 
14–14-2 vaccine in endemic districts of Assam. India Int J Health 
Sci Res. 2014;4(11):1–7.

https://www.ecdc.europa.eu/en/japanese-encephalitis/facts
https://www.ecdc.europa.eu/en/japanese-encephalitis/facts
https://nvbdcp.gov.in/index1.php?lang=1&level=1&sublinkid=5773&lid=3693
https://nvbdcp.gov.in/index1.php?lang=1&level=1&sublinkid=5773&lid=3693
https://doi.org/10.1016/j.ijid.2019.01.008
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_10_JE_R2.pdf?ua=1
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_10_JE_R2.pdf?ua=1
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_10_JE_R2.pdf?ua=1
https://nvbdcp.gov.in/Doc/JE-AES-Prevention-Control(NPPCJA).pdf
https://nvbdcp.gov.in/Doc/JE-AES-Prevention-Control(NPPCJA).pdf
https://doi.org/10.1007/s13312-015-0728-5
https://immunizationdata.who.int/pages/incidence/JAPENC.html?CODE=Global&YEAR
https://immunizationdata.who.int/pages/incidence/JAPENC.html?CODE=Global&YEAR

	Incidence of Japanese Encephalitis and Acute Encephalitis Syndrome Hospitalizations in the Medium-Endemic Region in Central India
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Methods
	2.1 Study Design
	2.2 Setting
	2.3 Study Population and Area
	2.4 Study Procedures
	2.5 Surveillance and Case Definitions
	2.6 Statistical Analysis

	3 Results
	4 Discussion
	4.1 Limitations

	5 Conclusions
	Acknowledgements 
	References




