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Borne Disease Control Programme, Pune. an important role in disease transmission; man is an accidental host.

El-r‘nallhld:d @gmail Pune district of Maharashtra state is non-endemic for JE; nevertheless,

o”nfjljn ragmail.com a sporadic case of JE was reported in November 2022 in an urban area
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of Pune. A six-year-old male child was found severely infected with
JEV when tested by IgM ELISA technique using a CSF sample at the
National Institute of Virology (NIV), Pune. In sero-surveillance, no other
confirmed JE-positive case was observed.
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Introduction

JE is a zoonotic infection and is a major vector-borne disease
in Asia. JE is caused by the Japanese encephalitis virus
(JEV).22 JE viral infection is caused by an RNA virus belonging
to the Flavivirus genus. It belongs to the same genus as
dengue, yellow fever and West Nile viruses.?* JE is a major
zoonotic disease i.e. both animals and humans get infected
with JE virus. The first case of JE was documented in 1871 in
Japan and the Japanese encephalitis virus was first isolated
from the brain of a patient with fatal encephalitis in Tokyo in
1935.*° It is transmitted by mosquitoes in humans primarily
by Culex type, which feed on infected birds, pigs and other
mammals including humans. People especially those who
are living and working in rural areas around rice paddies
and irrigation systems are more prone to getting infected
as these are mosquitoes’ preferred habitats.®’

JE is mostly considered a rural disease because of available
and favourable conditions for Culex mosquitoes, rice
paddies, slow current streams with vegetation in the farms
and nearby fields, presence of water birds and pigs, and
poor management of sanitation management practices and
system.?® Besides, underdeveloped medical facilities with
many of them lacking pediatric intensive care units (PICUs)
etc. also add to critical situation in treatment. However,
the risk of JE is changing from rural to semi-urban or urban
areas. In an urban area, especially economically weak
localities unhygienic and distorted sanitation system is also
seen. Nullahs and rivers are also not in a clean state and the
presence of slums on the banks of rivers and nullahs is very
common. Piggeries are comparatively few in number but
mostly located in slums and in crowded localities. These all
factors act as input factors for the development of diseases
like JE in both rural and urban areas.'®! This relative risk of
JE shift from rural to urban areas is also reported in other
countries of southeastern Asia namely South Korea, China,
Taiwan and Singapore 1?1

JE endemic districts of a

Figure |.JE endemic districts of Maharashtra where
regular immunisation is implemented are highlighted'”
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In Maharashtra, Vidarbha and Marathwada regions are
mostly affected by JE. This region comprises around 19
sensitive districts for JE. These districts are namely, Nagpur,
Chandrapur, Gondia, Gadchiroli, Washim, Akola, Latur,
Parbhani, Wardha, Amravati, Yavatmal, Buldhana, etc.

Effective vaccines are available for the prevention of JE. In
the year 2006, India launched the JE vaccination campaign
in the 11 most sensitive states including Maharashtra for
children falling under the age group of 1-15 years old.
A regular vaccination program is implemented in these
districts so as to cover maximum immunisation in the
community.’® The details of JE vaccination accomplished
in the year 2022 are given in Table 1.

Table 1.Coverage of JE Immunisation across Endemic
Districts in Maharashtra State

District JE 1st Dose JE 2nd Dose
Achievement (%) | Achievement (%)

Amravati 99 39
Washim 100 100
Yavatmal 98 %
Beed 105 100
Latur 100 94
Osmanabad 85 46
Bhandara 93 92
Chandrapur 104 66
Gadchiroli 98 9
Gondia 108 93
Nagpur 103 08
Wardha 97 49
Solapur 93 66
State 93 33

In endemic districts, a single dose of live attenuated SA-
14-14-2 JE vaccine was given to 1-15 years of age group.
Since 2013, along with routine immunisation two doses of
the JE vaccine, one at the age of 9 months and a second
at the age of 16-24 months have been implemented.*%
Many new vaccines including the JENVAC vaccine have
been developed and introduced in India.?*?

If considering the JE case and death data of Maharashtra
from the year 2017 to the present, years 2017 and 2019
were observed to be mostly affected. Briefly, in the year
2017 a total of 26 JE positive cases with five deaths were
reported, whereas in 2019 year, 39 JE cases with 110 deaths
had been reported. The Western Ghats and the entire
western belt of Maharashtra are non-endemic for JE. So,
the JE immunisation program is not recommended here.

In areas endemic for JE, viral load is endogenous in
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the locality. Sometimes it continuously gets expressed
sometimes hibernates for a while and reappears. However,
in non-endemic regions, it is a big challenge to identify the
reservoir or the source of infection, and based on its mode
of viral transmission can be further focused. Climate change
can be a crucial factor playing a role in the infestation of JE
in non-endogenous regions. An increase in temperature and
Carbon dioxide (CO,) levels may develop and strengthen
the capacity of JEV and mosquito survival.*?* Additionally,
extended monsoons, deluges and stagnant water can
also make the conditions favourable for the emergence
of JE outbreaks in non-endemic regions, consequently,
a threat of deadly zoonotic disease spread may loom.?
Considering Maharashtra, Pune district is non-endemic
for JE diseases; a report of the first JE case was itself an
alert to the health system of Maharashtra state. However,
a strong and integrated multi-disciplinary approach proved
effective in the containment of the outbreak.

In addition to the treatment of the patient, identification
of reservoirs, containment of the outbreak using multiple
approaches of outbreak management and application of
the preventive control measures were key challenges. This
article focuses on the management of the first JE outbreak
that occurred in Pune during October—November 2022.

Timeline of Clinical Management in the Hospital

Treatment of the JE-positive patient was carried out at
Government-run tertiary care Sassoon General Hospital
attached to BJ Government Medical College, Pune. It falls
in the jurisdiction of Pune Municipal Corporation (PMC).
On admission of the patient to Sassoon General Hospital
on November 3, 2022, the patient required intensive care
in the Pediatric Intensive Care Unit (PICU) for 18 days.
The patient was on a mechanical ventilator for nine days
followed by oxygen support for the next 9 days. Feeding
was initiated via a nasogastric tube from the 10th day in
PICU followed by being afebrile. Since then, the patient
was given physiotherapy and antiepileptic medications.
Details of the implemented clinical management of the
JE case are discussed below.

Initial Evaluation

Initial workup from the emergency department of Sassoon
Hospital revealed that the child was febrile with a headache
for two days. Two episodes of convulsions and weakness
on the left side of the body since day one were noted.

Immunisation History

The patient and his elder siblings all are under the age of 10
years and are not vaccinated for JE, as it is not recommended
for residents of JE non-endemic districts including Pune.

Laboratory Investigations

After the admission of the patient to Sassoon General

Hospital a series of diagnostic tests were performed to get
an exact diagnosis. The events reported by the hospital
are as follows:

e On November 3, 2022, the child’s Cerebrospinal fluid
(CSF) was collected for diagnostic investigation. A
clear and colourless CSF sample was noted with 120
lymphocytes, 60 macrophages and 70 polymorphs.
Total sugar was 75mg/dl whereas total proteins were
16.68%.

e On November 11, 2022, a Computed Tomography
(CT) scan of the brain was performed. No significant
abnormality was detected. Further Magnetic Resonance
Imaging (MRI) scan was advised.

e On November 17, 2022, the second time CSF sample
was collected and cultured. Even the second time a
clear and colorless CSF sample was identified. This time
only two lymphocytes were detected in the CSF sample
with a total sugar of 79 mg/dl, whereas total proteins
were 59.52%. No growth was observed in CSF culture.
To rule out the possibility of Tuberculosis meningitis, a
CSF CBNAAT test was also performed which resulted
negative. Then CSF and serum samples of the patient
were sent to the Indian Council of Medical Research
(ICMR)-NIV, Pune for proper diagnosis of encephalitic
syndrome.

Diagnosis

On November 9, 2022, CSF and serum collected from the
patient were referred for diagnosis to ICMR-NIV, Pune
where these specimens were investigated by IgM capture
ELISA to detect JE, West Nile and Dengue virus infections as
described earlier by Sapkal et al.2 Simultaneously, the CSF
was investigated to detect JE infection using JEV specific
RT-PCR and Herpes Simplex virus infection using HSV PCR
as reported earlier by Sapkal et al. and Bondre et al.?5%
Both the CSF and sera collected during the acute phase
were tested positive by IgM ELISA while JEV RT-PCR and
HSV PCR yielded negative results. The second CSF specimen
investigated at ICMR-NIV by JE IgM ELISA also tested positive
confirming the patient as a JE case.

As soon as a positive JE case was detected, another major
part of the outbreak management was the implementation
of immediate and strong control-preventive measures for JE
outbreak containment in the Vadgaon Sheri area of Pune.

Micro-planning for JE Containment

On a report of the first case of JE in Pune, combined meetings
and visits by officials of the Public Health Department,
Government of Maharashtra along with ICMR-NIV and
Pune Municipal Corporation (PMC) and its Sassoon Hospital
were carried out. Technical guidance from NCVBDC, Gol
was obtained. A strong and detailed action plan covering
multiple aspects was prepared for early case detection,
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clinical as well as epidemiological investigations, appropriate
and complete treatment and containment measures to
save the patient and avoid further transmission of JE in
the community.

The details of multi-disciplinary-approach micro action
plans are discussed below:
JE Case Background

The JE case was reported from Vadgaonsheri (at
geographical coordinates 18.54984° N, 73.92109° E) which
falls under the Pune Municipal Corporation administration
area. Multidisciplinary teams including the Public Health

Department, Government of Maharashtra along with PMC
worked together as a government authority for the overall
management of the outbreak, ICMR-NIV, Pune contributed
to surveys and laboratory investigations whereas Sassoon
General Hospital was involved in the clinical management
and treatment of the patient. The teams worked together
to investigate the outbreak collaboratively for case
detection, early initiation of appropriate and treatment,
epidemiological investigations, and suggestions for
containment measures to avoid further transmission of

JE in the community.
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Surveillance

In this JE outbreak, four major surveillances were
implemented. The five major surveillances planned were
namely epidemiological, fever, serological, veterinary and
entomological. These surveillances were carried out in
coordination with different field workers and experts to
strengthen the effectiveness of the control and prevention
measures for the JE outbreak.

Epidemiological Surveillance

The expert’s team visited Vadgaonsheri ward of Pune
Municipal Corporation. The reported JE-positive patient
resides in a crowded and below-poverty area. The house of
the patient was marked by the presence of piggeries around
and a nullah passing through the nearby area. Another
major notation was the presence of a school (Inamdar
School) in the surrounding of the patient’s residence.

Anthropological Details of the JE Case

The JE-positive case of Pune is a male child of age four
years. By birth, the child was reported to be healthy. The
development and growth of the child were normal, without
previous seizures or any medical deformities.

Social History

The identified JE patient lives with his parents and two elder
siblings who are under the age of 10 years. The mother of
the child works as a housemaid whereas the fatheris a bus
driver for a private company and drives in and around Pune.

Migration History
The patient had no travel history in the last four months.
Capacity Building

The Pune Municipal Corporation health department staffs
viz, multi-purpose workers (MPWs), and ASHAs were first
trained by experts to conduct a JE special survey, what
and to whom questions to ask, etc. These trained human
resources along with supervisors divided into teams. These
teams were allotted particular areas to carry out the survey.

Fever Survey

First of all, areas were marked in such a way that the entire
population of the designated area would be covered. To
these marked areas, teams were allotted accordingly and a
fever survey was carried out. House to house fever survey
was carried out. Teams were provided with a JE-related
guestionnaire to ask in the survey. These questions were
as follows:

e Does anybody had/ have fever in the house?

e Ifyes, then when did you get fever?

e Have you visited anywhere in the month?

e Do you have any neurological symptoms (Headache,
seizures?)

e Are there any piggeries nearby?

Teams were asked to focus mainly on all the children below
15 years of age. They were asked to be screened thoroughly
and serum sample collection was a must for them. Teams
were advised to collect serum samples for testing from
all the fever patients. In the fever survey, 100 houses in
proximity to the patient’s residence were screened. A total
of 23 individuals were identified with fever or history of
fever.

In the surveillance, it was noted that a school is located
in the proximity of the JE-positive patient’s residence. So
as a precaution and preventive measure, an extended
fever survey for nearby Inamdar School children was
carried out to detect if any other JE incidence has occurred
and circumvent further transmission in the community.
However, no child was observed with fever and other
supporting symptoms for JE.

Sero-surveillance

In the fever survey performed on November 31, 2022, in
close proximity to the patient’s residence, a total of 23
fever cases were detected. These suspected cases were
kept under observation at a sub-district hospital in Pune.
Serum samples of these suspected cases were collected
by the PMC health department and NIV staff. At NIV, Pune,
the sera from fever cases were investigated for JE infection
using JE IgM ELISA in which three cases tested positive for
JE IgM antibodies however second sample as well as the
CSF test of these three patients were detected negative,
hence not considered as confirmed JE positive case. All
remaining 20 patients tested negative for JE IgM antibodies.

Entomological Surveillance

Dusk collection of mosquito larvae was performed in the
nearby waterbodies, ditches and drains and collected
using the dipping method. Resting adult mosquitoes were
collected using mechanical aspirators. A CO,-based trap was
set up in the premises of the positive case to trap flying adult
mosquitoes during the nighttime. The collected larvae and
adults were brought to the laboratory for further processing.
After digestion of blood meal, these mosquitoes were
identified up to species level and separated into different
pools (pool size varying from 10 to 100 mosquitoes). The
pools were homogenised and tested for the JE virus using
the RT-PCR technique.

Entomological surveillance was a major section as mosquito
species namely Culex group species tritaeniorhynchus and
vishnui are primary vectors for JE transmission. These
mosquitos favour dirty slop water with vegetation. Culex
group is zoophilic which mostly feeds on pigs and cattle.®
The public health department along with ICMR- NIV, Pune
carried out adult and larval surveillance. A total of 1144
Culex mosquitoes were processed in 99 pools. All the pools
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tested negative for JE virus in RT-PCR. The identified species
of mosquitoes were C. gelidus, C. tritaeniorhynchus, C.
quinquefasciatus, C. vishnui, C. fuscocephalus and Anopheles
subpictus. The details of mosquito species collected and
identified are mentioned in Table 2.

Table 2.Species of Mosquitos and Numbers Collected
in the JE-affected Vadgaonsheri Area of PMC

Mosquito Species Number
C. gelidus 680
C. tritaneiorhynchus 394
C. quinquefasciatus 60
Anopheles subpictus 8
C. fuscocephalus
C. vishnui 1

Veterinary Surveillance

After the JE case identification, a major step was to
investigate the reservoir of the disease in the affected area.
The veterinary department of Pune Municipal Corporation
was also informed about the JE case. The veterinary
department collected 57 serum samples of the pigs from
the surrounding area of the patient’s residence. These
samples were investigated at NIV, Pune to determine the
presence of JE virus RNA by RT-PCR and anti-JEV neutralising
antibodies by plaque reduction neutralisation test. All
the 57 pig sera tested negative by RT-PCR whereas the
presence of anti-JEV neutralising antibodies in 40 (71%)
pig sera was detected.

This investigation was another strong piece of evidence
confirming the presence of JE in Pune. This was also a key
point in identifying the source of infection and further
control measures for planning and avoiding transmission.

In coordination with these surveillance activities following
were implemented in the JE-affected area:

Integrated Vector Management

Apart from surveillance activities in the hotspot area,
vector control and preventive activities under integrated
vector control management were carried out. This involved
activities like space spray using Ultra Low Volume (ULV)
fogging with pyrethrum/ malathion indoors and outdoors.
Anti-larval activities involved chemical larvicides- abating
and identification of breeding sites and introduction of
larvivorous Guppy fishes to breeding sites.

Surveillance at Latur

Fever surveillance was carried out at the Chakur block of
Latur district, which is a native place of patients. All the
required instructions were provided to the district from the
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state. A house-to-house fever survey was carried out. No
JE-positive patient was identified in this survey.

Information, Education and Communication
(IEC)

Strong IEC activity for community sensitisation and
awareness by health department staff through visits and
personal communication, using banners, and meetings at
schools, public places, and health facility campuses were
carried out.

Immunisation

Another major issue was precautions to be taken to prevent
JE infection in the patient’s siblings. The patient’s two
siblings were also under the age group of 10 years, which is
a sensitive age group for JE infection. Hence JE vaccination
to these siblings was given as a precautionary measure
towards their chances of acquiring JE from patients or
surroundings. Safe and effective JE vaccines are available
to prevent disease.'*

Discussion

Japanese encephalitis is a serious vector-borne disease
threat as the case fatality rate of JE can be around 30%.
Intensive care support can help reduce mortality. Besides,
permanent neurologic or psychiatric sequelae can occur
in 30% to 50% of those JE cases.’*3

The major vectors responsible for JE transmission are Culex
sp. of mosquitoes. Water birds and pigs are the main sources
of infection. Pigs are amplifying vectors and have the
capacity to multiply the virus many-fold without suffering
seriously from disease and maintaining it for a prolonged
period. In India, around 12-44% pig population has been
reported to be positive for JE antibodies. Unorganised
domestic piggeries are a major factor contributing towards
increased risk of JE transmission among humans, 83536

In the present scenario, pigs were identified as the chief
amplifying reservoir of the JE virus. The presence of
neutralising antibodies against JEV in 40 pig sera samples
suggests active transmission of JEV in the affected region.
The piggeries were in close proximity to the patient’s house.
According to literature if a healthy adult pig contracts JE
viral infection, it develops symptoms such as fever and nasal
secretions for 4-5 days. Further, they develop antibodies
against the virus.?”*® Mother-to-foetus transmission of
antibodies has been documented in pigs. The newborn
may have antibodies against the JE virus for the first few
months after birth.3

Besides, JE transmission among pigs in the absence of an
arthropod vector is also reported. Tonsils are the major site
of JEV replication in the pigs. In spite of a large number of
neutralising antibodies present in the tonsils, JEV persists in
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tonsils for 25 days. Pigs shed JEV in their oronasal secretions
and this becomes a critical source of infection among
pigs. This transmission mechanism is a serious threat to
JE infection in humans. 373

In the current JE outbreak in Pune, among the 57 collected
serum samples of the pigs, 40 samples were found positive
for antibodies. Viral transmission through nasal secretions
could be a major reason for JE virus infection among these
pigs.

The density of Culex mosquitoes in this area is also very
high. All Culex spp which are known transmitters of JE
infection were found to be present in the area. Conducive
environment like unclean drains is abundantly present in
the area. It could also be postulated that the pig population
along with high vector density and unclean environmental
conditions could have played major roles in the transmission
of the virus to the human population.

However strong and integrated multi-disciplinary
approaches of vaccinating the siblings, integrated vector
control, isolation of suspected pigs and cleaning of
surroundings proved effective in disease containment in
a single JE case. Strengthening surveillance for fever and
other neurological symptoms among school children and in
the affected locality was an important preventive measure
for early case detection if any exists. Also, the availability
of medical facilities especially pediatric intensive care units
(PICUs) is an essential factor in the clinical management
of JE cases.

Conclusion

We report the successful multi-disciplinary control
efforts involving the community, health authorities and
local government that have resulted in early control of a
potential JE outbreak. The investigation helped to identify
the possible risk factors that were widely prevalent in
the area. Acute Encephalitic Syndrome (AES) surveillance
along with intermittent sero-surveillance in symptomatic
cases as well as in pigs must be carried out even in the JE
non-endemic regions for JE to get an early warning signal
of a possible JE outbreak. It is also advisable to carry out
JE vaccination among pigs to avoid JE virus transmission
to humans.

Conflict of Interest: None
References

1. Campbell GL, Hills SL, Fischer M, Jacobson JA, Hoke CH,
Hombach 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. [PubMed] [Google Scholar]

10.

11.

12.

13.

Wu KP, Wu CW, Tsao YP, Kuo TW, Lou YC, Lin CW, Wu
SC, Cheng JW. Structural basis of a flavivirus recognized
by its neutralizing antibody: solution structure of the
domain Il of the Japanese encephalitis virus envelope
protein. ) Biol Chem. 2003;278(46):46007-13. [PubMed]
[Google Scholar]

Endy TP, Nisalak A. Japanese encephalitis virus: ecology
and epidemiology. In: Mackenzie JS, Barrett AD, Deubel
V, editors. Japanese encephalitis and West Nile viruses.
Current topics in microbiology and immunology. Vol.
267. Springer, Berlin, Heidelberg; 2002. p. 11-48.
[Google Scholar]

Soman RS, Rodrigues FM, Guttikar SN, Guru PY.
Experimental viraemia and transmission of Japanese
encephalitis virus by mosquitoes in ardeid birds. Indian
J Med Res. 1977;66(5):709-18. [PubMed] [Google
Scholar]

Burke DS, Leake CJ. Japanese encephalitis. In: Monath TP,
editor. The arboviruses: epidemiology and ecology. Vol.
3. CRC Press; 1988. p. 63-92. [Google Scholar]

Van den Hurk AF, Ritchie SA, Mackenzie JS. Ecology
and geographical expansion of Japanese encephalitis
virus. Annu Rev Entomol. 2009;54:17-35. [PubMed]
[Google Scholar]

Konno J, Endo K, Agatsuma H, Ishida N. Cyclic outbreaks
of Japanese encephalitis among pigs and humans. Am
J Epidemiol. 1966;84(2):292-300. [PubMed]

Sathe TV, Sathe AT, Jagtap M. Mosquito borne diseases.
Manglam Publishers and Distributors; 2010. p. 1-342.
Burke DS, Tingpalapong M, Ward GS, Andre R, Leake CJ.
Intense transmission of Japanese encephalitis virus to
pigs in a region free of epidemic encephalitis. Southeast
Asian J Trop Med Public Health. 1985;16(2):199-206.
[PubMed] [Google Scholar]

Murty US, Rao MS, Arunachalam N. The effects of
climatic factors on the distribution and abundance
of Japanese encephalitis vectors in Kurnool
district of Andhra Pradesh, India. J Vector Borne
Dis. 2010;47(1):26-32. [PubMed] [Google Scholar]
Kumari R, Kumar K, Rawat A, Singh G, Yadav NK,
Chauhan LS. First indigenous transmission of Japanese
Encephalitis in urban areas of National Capital Territory
of Delhi, India. Trop Med Int Health. 2013;18(6):743-9.
[PubMed] [Google Scholar]

Connor B, Bunn WB. The changing epidemiology of
Japanese encephalitis and new data: the implications
for new recommendations for Japanese encephalitis
vaccine. Trop Dis Travel Med Vaccines. 2017;3:14.
[PubMed] [Google Scholar]

Flohic GL, Porphyre V, Barbazan P, Gonzalez JP. Review
of climate, landscape, and viral genetics as drivers of

ISSN: 0019-5138

DOI: https://doi.org/10.24321/0019.5138.202346


https://pubmed.ncbi.nlm.nih.gov/22084515/
https://scholar.google.com/scholar?q=Estimated+global+incidence+of+Japanese+encephalitis:+a+systematic+review&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/12952958/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Wu%2C+K.+P.%2C+Wu%2C+C.+W.%2C+Tsao%2C+Y.+P.%2C+Kuo%2C+T.+W.%2C+Lou%2C+Y.+C.%2C+Lin%2C+C.+W.%2C+%26+Cheng%2C+J.+W.+%282003%29.+Structural+basis+of+a+flavivirus+recognized+by+its+neutralizing+antibody%3A+solution+structure+of+the+domain+III+of+the+Japanese+encephalitis+virus+envelope+protein&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.%09Endy%2C+T.P.%2C+Nisalak%2C+A.+%282002%29.+Japanese+Encephalitis+Virus%3A+Ecology+and+Epidemiology.+&btnG=
https://pubmed.ncbi.nlm.nih.gov/204576/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Experimental+viraemia+and+transmission+of+Japanese+encephalitis+virus+by+mosquitoes+in+ardeid+birds&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Experimental+viraemia+and+transmission+of+Japanese+encephalitis+virus+by+mosquitoes+in+ardeid+birds&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Burke%2C+D.+S.%2C+%26+Leake%2C+C.+J.+%281988%29.+Japanese+encephalitis&btnG=
https://pubmed.ncbi.nlm.nih.gov/19067628/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Van+den+Hurk%2C+A.+F.%2C+Ritchie%2C+S.+A.%2C+%26+Mackenzie%2C+J.+S.+%282009%29.+Ecology+and+geographical+expansion+of+Japanese+encephalitis+virus&btnG=
https://pubmed.ncbi.nlm.nih.gov/4380585/
https://pubmed.ncbi.nlm.nih.gov/2999995/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=PMID%3A+2999995&btnG=
https://pubmed.ncbi.nlm.nih.gov/20231770/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.%09Murty+US%2C+Rao+MS+%26+Arunachalam+N+%282010%29+Japanese+encephalitis+vectors+in+Kurnool+district+of+Andhra+Pradesh%2C+India&btnG=
https://pubmed.ncbi.nlm.nih.gov/23682856/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.%09Kumari+R%2C+Kumar+K%2C+Rawat+A%2C+Singh+G%2C+Yadav+NK%2C+Chauhan+LS.+%282013%29.+First+indigenous+transmission+of+Japanese+Encephalitis+in+urban+areas+of+National+Capital+Territory+of+Delhi%2C+India&btnG=
https://pubmed.ncbi.nlm.nih.gov/28883984/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.%09Connor%2C+B.%2C+Bunn%2C+W.B.+The+changing+epidemiology+of+Japanese+encephalitis+and+New+data%3A+the+implications+for+New+recommendations+for+Japanese+encephalitis+vaccine&btnG=

Raje M et al.

X1V Annual Conference of Indian Society for Malaria & Other Communicable Diseases (ISMOCD)

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

the Japanese encephalitis virus ecology. PLoS Negl
Trop Dis. 2013;7(9):e2208. [PubMed] [Google Scholar]
Sathe A, Mugade RB, Bhosale AS, Jagtap M, Sathe TV.
Outbreak of Japanese Encephalitis in Sangli district,
India. Int J Pharma Bio Sci. 2011;2(3):335-9. [Google
Scholar]

Jagtap MB, Mugade RB, Bhosale AS, Sathe A, Sathe TV.
Trends of Chandipura viral encephalitis in Vidarbha
region of Maharashtra, India. Biospectra. 2011;6(1):53-
6.

Rogers B, Bunn WB, Connor BA. An update on travel
vaccines and issues in travel and international medicine.
Workplace Health Saf. 2016;64(10):462-8. [PubMed]
[Google Scholar]

Paint Maps [Internet]; [cited 2023 Jul 21]. Available
from: https://paintmaps.com/

Lord JS, Gurley ES, Pulliam JR. Rethinking Japanese
encephalitis virus transmission: a framework for
implicating host and vector species. PLoS Negl Trop
Dis. 2015;9(12):e0004074. [PubMed] [Google Scholar]
Lee DW, Choe YJ, Kim JH, Song KM, Cho H, Bae GR, Lee
JK. Epidemiology of Japanese encephalitis in South
Korea, 2007-2010. Int J Infect Dis. 2012;16(6):e448-52.
[PubMed] [Google Scholar]

Kumari R, Joshi PL. A review of Japanese encephalitis
in Uttar Pradesh, India. WHO South East Asia J Public
Health. 2012;1(4):374-95. [PubMed] [Google Scholar]
Singh A, Mitra M, Sampath G, Venugopal P, Rao JV,
Krishnamurthy B, Gupta MK, Krishna SS, Sudhakar
B, Rao NB, Kaushik Y, Gopinathan K, Hegde NR, Gore
MM, Mohan VK, Ella KM. A Japanese encephalitis
vaccine from India induces durable and cross-protective
immunity against temporally and spatially wide-ranging
global field strains. J Infect Dis. 2015;212(5):715-25.
[PubMed] [Google Scholar]

Chatterjee K, Bhadra A, Ray SK, Mukherjee S, Sen S.
Review of Japanese encephalitis vaccines in India. Asian
Pac J Health Sci. 2022;9(4):272-83. [Google Scholar]
Ricklin ME, Garcia-Nicolds O, Brechbihl D, Python S,
Zumkehr B, Nougairede A, Charrel RN, Posthaus H,
Oevermann A, Summerfield A. Vector-free transmission
and persistence of Japanese encephalitis virus in
pigs. Nat Commun. 2016;7:10832. [PubMed] [Google
Scholar]

Takashima |, Watanabe T, Ouchi N, Hashimoto N.
Ecological studies of Japanese encephalitis virus in
Hokkaido: interepidemic outbreaks of swine abortion
and evidence for the virus to overwinter locally. Am J
Trop Med Hyg. 1988;38(2):420-7. [PubMed] [Google
Scholar]

ISSN: 0019-5138

DOI: https://doi.org/10.24321/0019.5138.202346

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Folly AJ, Dorey-Robinson D, Herndndez-Triana LM,
Ackroyd S, Vidana B, Lean FZ, Hicks D, Nunez A, Johnson
N. Temperate conditions restrict Japanese encephalitis
virus infection to the mid-gut and prevents systemic
dissemination in Culex pipiens mosquitoes. Sci Rep.
2021;11(1):6133. [PubMed] [Google Scholar]

Sapkal GN, Wairagkar NS, Ayachit VM, Bondre VP, Gore
MM. Detection and isolation of Japanese encephalitis
virus from blood clots collected during the acute phase
of infection. Am J Trop Med Hyg. 2007;77(6):1139-45.
[PubMed] [Google Scholar]

Bondre VP, Sankararaman V, Andhare V, Tupekar
M, Sapkal GN. Genetic characterization of human
herpesvirus type 1: full-length genome sequence of
strain obtained from an encephalitis case from India.
Indian J Med Res. 2016 Nov;144(5):750-60. [PubMed]
[Google Scholar]

Wikipedia [Internet]. Pune City tehsil in Pune
district; [cited 2023 Jul 13]. Available from: https://
en.m.wikipedia.org/

Munshi T, Adhvaryu B, Joshi R, Shah K, Joseph Y,
Christian P, Kumar A. Development plan preparation
in Indian cities: an inquiry into sustainability of local
areas in five million-plus cities. Centre for Urban Land
Policy; 2019. [Google Scholar]

Furuya-Kanamori L, Gyawali N, Mills DJ, Hugo LE, Devine
GJ, Lau CL. The emergence of Japanese encephalitis
in Australia and the implications for a vaccination
strategy. Trop Med Infect Dis. 2022;7(6):85. [PubMed]
[Google Scholar]

Carlson CJ, Albery GF, Merow C, Trisos CH, Zipfel CM,
Eskew EA, Olival KJ, Ross N, Bansal S. Climate change
increases cross-species viral transmission risk. Nature.
2022;607(7919):555-62. [PubMed] [Google Scholar]
Kanojia PC, Shetty PS, Geevarghese G. A long-term
study on vector abundance & seasonal prevalence in
relation to the occurrence of Japanese encephalitis in
Gorakhpur district, Uttar Pradesh. Indian J Med Res.
2003;117:104-10. [PubMed] [Google Scholar]

Ghosh D, Basu A. Japanese encephalitis-a pathological
and clinical perspective. PLoS Negl Trop Dis.
2009;3(9):e437. [PubMed] [Google Scholar]

Kumar R, Mathur A, Kumar A, Sharma S, Saksena
PN, Chaturvedi UC. Japanese encephalitis - an
important cause of acute childhood encephalopathy
in Lucknow, India. Postgrad Med J. 1988;64(747):18-
22. [PubMed] [Google Scholar]

Mackenzie JS, Gubler DJ, Petersen LR. Emerging
flaviviruses: the spread and resurgence of Japanese
encephalitis, West Nile and dengue viruses. Nat Med.



https://pubmed.ncbi.nlm.nih.gov/24069463/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.%09Flohic+G%2C+Porphyre+V%2C+Barbazan+P%2C+Gonzalez+J.+Review+of+climate%2C+landscape%2C+and+viral+genetics+as+drivers+of+the+Japanese+encephalitis+virus+ecology&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.%09Asawari+Sathe%2C+R.+B.+Mugade%2C+A.+S.+Bhosale%2CMahendra++Jagtap%2Cand+Sathe%2C+T.+V.+2011.++Outbreak+of+Japanease+Encephalitis+in+Sangli+district%2C+India&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.%09Asawari+Sathe%2C+R.+B.+Mugade%2C+A.+S.+Bhosale%2CMahendra++Jagtap%2Cand+Sathe%2C+T.+V.+2011.++Outbreak+of+Japanease+Encephalitis+in+Sangli+district%2C+India&btnG=
https://pubmed.ncbi.nlm.nih.gov/27555602/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.%09Rogers+B%2C+Bunn+W%2C+Connor+B.+An+update+on+travel+vaccines+and+issues+in+travel+medicine.+&btnG=
https://pubmed.ncbi.nlm.nih.gov/26657648/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.%09Lord+JS%2C+Gurley+ES%2C+Pulliam+JRC.+Rethinking+Japanese+encephalitis+virus+transmission%3A+a+framework+for+implicating+host+and+vector+species&btnG=
https://pubmed.ncbi.nlm.nih.gov/22497964/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.%09Lee+D%2C+Choe+Y%2C+Kim+J%2C+Song+K%2C+Cho+H%2C+Bae+G%2C+Lee+J.+Epidemiology+of+Japanese+encephalitis+in+South+Korea%2C+2007%E2%80%932010&btnG=
https://pubmed.ncbi.nlm.nih.gov/28615603/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.%09Kumari%2C+Roop%3B+Joshi%2C+Pyare+L.+A+review+of+Japanese+encephalitis+in+Uttar+Pradesh%2C+India.+&btnG=
https://pubmed.ncbi.nlm.nih.gov/25601942/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.%09Anit+Singh%2C+Monjori+Mitra%2C+Gadey+Sampath%2C+P.+Venugopal%2C+J.+Venkateswara+Rao%2C+B.+Krishnamurthy%2C+Mukesh+Kumar+Gupta%2C+S.+Sri+Krishna%2C+B.+Sudhakar%2C+N.+Bhuvaneswara+Rao%2C+Yashpal+Kaushik%2C+K.+Gopinathan%2C+Nagendra+R.+Hegde%2C+Milind+M.+Gore%2C+V.+Krishna+Mohan%2C+Krishna+M.+Ella%2C+A+Japanese+encephalitis+vaccine+from+India+induces+durable+and+cross-protective+immunity+against+temporally+and+spatially+wide-ranging+global+field+strains&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=22.%09Chatterjee%2C+K.%2C+Bhadra%2C+A.%2C+Ray%2C+S.+K.%2C+Mukherjee%2C+S.%2C+%26+Sen%2C+S.+%282022%29.+Review+of+Japanese+encephalitis+vaccines+in+India&btnG=
https://pubmed.ncbi.nlm.nih.gov/26902924/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=23.%09Ricklin%2C+M.%2C+Garc%C3%ADa-Nicol%C3%A1s%2C+O.%2C+Brechb%C3%BChl%2C+D.+et+al.+Vector-free+transmission+and+persistence+of+Japanese+encephalitis+virus+in+pigs&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=23.%09Ricklin%2C+M.%2C+Garc%C3%ADa-Nicol%C3%A1s%2C+O.%2C+Brechb%C3%BChl%2C+D.+et+al.+Vector-free+transmission+and+persistence+of+Japanese+encephalitis+virus+in+pigs&btnG=
https://pubmed.ncbi.nlm.nih.gov/2833128/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24.%09Takashima%2C+I.%2C+Watanabe%2C+T.%2C+Ouchi%2C+N.+%26+Hashimoto%2C+N.+Ecological+studies+of+Japanese+encephalitis+virus+in+Hokkaido%3A+interepidemic+outbreaks+of+swine+abortion+and+evidence+for+the+virus+to+overwinter+locally&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24.%09Takashima%2C+I.%2C+Watanabe%2C+T.%2C+Ouchi%2C+N.+%26+Hashimoto%2C+N.+Ecological+studies+of+Japanese+encephalitis+virus+in+Hokkaido%3A+interepidemic+outbreaks+of+swine+abortion+and+evidence+for+the+virus+to+overwinter+locally&btnG=
https://pubmed.ncbi.nlm.nih.gov/33731761/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Temperate+conditions+restrict+Japanese+encephalitis+virus+infection+to+the+mid-gut+and+prevents+systemic+dissemination+in+Culex+pipiens+mosquitoes&btnG=
https://pubmed.ncbi.nlm.nih.gov/18165537/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26.%09Sapkal+GN%2C+Wairagkar+NS%2C+Ayachit+VM%2C+Bondre+VP%2C+Gore+MM.+Detection+and+isolation+of+Japanese+encephalitis+virus+from+blood+clots+collected+during+the+acute+phase+of+infection&btnG=
https://pubmed.ncbi.nlm.nih.gov/28361829/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=27.%09Bondre+VP%2C+Sankararaman+V%2C+Andhare+V%2C+Tupekar+M%2C+Sapkal+GN.+Genetic+characterization+of+human+herpesvirus+type+1%3A+Full-length+genome+sequence+of+strain+obtained+from+an+encephalitis+case+from+India&btnG=
https://en.m.wikipedia.org/
https://en.m.wikipedia.org/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Development+Plan+Preparation+in+Indian+Cities%3A+An+Inquiry+into+Sustainability+of+Local+Areas+in+Five+Million-Plus+Cities&btnG=
https://pubmed.ncbi.nlm.nih.gov/35736964/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=30.%09Furuya-Kanamori+L%2C+Gyawali+N%2C+Mills+DJ%2C+et+al.+The+emergence+of+Japanese+encephalitis+in+australia+and+the+implications+for+a+vaccination+strategy&btnG=
https://pubmed.ncbi.nlm.nih.gov/35483403/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=31.%09Carlson+CJ%2C+Albery+GF%2C+Merow+C%2C+et+al.+Climate+change+increases+cross-species+viral+transmission+risk&btnG=
https://pubmed.ncbi.nlm.nih.gov/14575175/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=32.%09P.C.+Kanojia%2C+P.S.+Shetty%2C+G.+Geevarghese.+A+long-term+study+on+vector+abundance+%26+seasonal+prevalence+in+relation+to+the+occurrence+of+Japanese+encephalitis+in+Gorakhpur+district%2C+Uttar+Pradesh&btnG=
https://pubmed.ncbi.nlm.nih.gov/19787040/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=33.%09D.+Ghosh%2C+A.+Basu.+Japanese+encephalitis-a+pathological+and+clinical+perspective&btnG=
https://pubmed.ncbi.nlm.nih.gov/2843843/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=34.%09Kumar+R%2C+Mathur+A%2C+Kumar+A%2C+Sharma+S%2C+Saksena+PN%2C+Chaturvedi+UC.+Japanese+encephalitis+an+important+cause+of+acute+childhood+encephalopathy+in+Lucknow&btnG=

36.

37.

38.

Raje M et al.

X1V Annual Conference of Indian Society for Malaria & Other Communicable Diseases (ISMOCD)

2004;10(12 Suppl):S98-109. [PubMed] [Google Scholar]
Tiwari S, Singh RK, Tiwari R, Dhole TN. Japanese
encephalitis: a review of the Indian perspective. Braz
J Infect Dis. 2012;16(6):564-73. [PubMed] [Google
Scholar]

Diallo AOQ, Chevalier V, Cappelle J, Duong V, Fontenille
D, Duboz R. How much does direct transmission
between pigs contribute to Japanese encephalitis virus
circulation? A modelling approach in Cambodia. PloS
One. 2018;13(8):e0201209. [PubMed] [Google Scholar]
Lindahl J, Boqvist S, Stahl K, Thu HT, Magnusson U.
Reproductive performance in sows in relation to
Japanese encephalitis virus seropositivity in an endemic
area. Trop Anim Health Prod. 2012;44(2):239-45.
[PubMed] [Google Scholar]

ISSN: 0019-5138
DOI: https://doi.org/10.24321/0019.5138.202346


https://pubmed.ncbi.nlm.nih.gov/15577938/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=35.%09Mackenzie+JS%2C+Gubler+DJ%2C+Petersen+LR.+Emerging+flaviviruses%3A+the+spread+and+resurgence+of+Japanese+encephalitis%2C+West+Nile+and+dengue+viruses&btnG=
https://pubmed.ncbi.nlm.nih.gov/23141974/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=36.%09Tiwari+S%2C+Singh+RK%2C+Tiwari+R%2C+Dhole+TN.+%282012%29.+Japanese+encephalitis%3A+a+review+of+the+Indian+perspective&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=36.%09Tiwari+S%2C+Singh+RK%2C+Tiwari+R%2C+Dhole+TN.+%282012%29.+Japanese+encephalitis%3A+a+review+of+the+Indian+perspective&btnG=
https://pubmed.ncbi.nlm.nih.gov/30114197/
https://scholar.google.com/scholar?q=37.+Diallo+AO,+Chevalier+V,+Cappelle+J,+Duong+V,+Fontenille+D,+Duboz+R.+How+much+does+direct+transmission+between+pigs+contribute+to+Japanese+encephalitis+virus+circulation%3F+A+modelling+approach+in+Cambodia&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/22081319/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=38.%09Lindahl+J%2C+Boqvist+S%2C+St%C3%A5hl+K%2C+Thu+HT%2C+Magnusson+U.+%282012%29.+Reproductive+performance+in+sows+in+relation+to+Japanese+encephalitis+virus+seropositivity+in+an+endemic+area&btnG=

