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INTRODUCTION

Japanese encephalitis (JE) isavector-borneviral diseasethat occursin South Asia,
Southeast Asia, East Asa, and the Pacific (Solomon, 2006). Japanese encephdlitisvirus (JEV)

belongsto genusFlavivirusof family Flaviviridae and istransmitted between animalsand

human host by Culex sp. mosqguitoes. JEV causesencephditisin humansaswell asin horses
and abortioninpigs. There ated neurotropicflavivirusesacrosstheglobeare: Equineencephditis
virusand St. Louisencephalitisvirusin North America, West Nilevirusin Africaand the
Middle East, Murray Valey encephaitisvirusin Austrdia, Roccio virusin South Americaand
Tick borneencephditisvirus(TBEV) inRussa Thesevird encephditidessharemany virological,
epidemiologica and clinical features (Solomon, 2004). JE isanemerging vira diseasehaving
international importancebecauseit isinvading the previousy non-endemic aress. FromAsia,
it has stretched to Papua New Guineaand Torres Strait of northern Australia(Hannaet al .,
1996; Mackenzieet al., 1997). Molecular studies have suggested that all theflaviviruses
originated from a common ancestor about 10,000-20,000 years ago and are rapidly evolving
tofill the ecological niches. JE wasfirst recognized in Indiain 1955 and since then major
outbreaksfrom different parts of the country have been reported periodically (Duttaet al.,
2010).

The Jgpaneseencephditisvirus(JEV) isaneurotropic flavivirusthat affectsthe centra
nervous system, caus ng extensive damagethat may leed tofata ity in aoout onethird of patients.
Half of thesurvivorssuffer from severe neuropshychiatric sequel ae. With nearly 3billion people
living under thecurrent JE-endemic region, recurring incidents of epidemicare being reported

at regular intervals. Japanese encephalitisvirus (JEV) has been implicated in periodic
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outbreaks of human encephalitis cases in different countries of Asiaand pose amagjor
public health problem (Ghosh and Basu, 2009; Duttaet al., 2010). In India, epidemiological
data indicate prevalence of JEV in large parts of the country and the virus appearsto
be spreading to areas hitherto considered to befreeof JEV activity (Banerjee, 1988).
Rapid globdization, population explosion, changesinglobd dimatic condition, indudtridization
and deforestation, all seem to correlate with the spread of the virusinto newer territories.
Today, with goproximeatey threehillion peoplelivinginthe JE endemicregion, thereareestimated
35,000-50,000 cases and 10,000-15,000 deaths annually, thereby making JE one of the
most dreaded vector-bornevira encephditisintheworld (Tsai, 2000; Solomon et al., 2003).
Sinceitsfirst epidemicin 1935in Japan, theinfection iswidespread throughout |arge parts of
Asiaand it hasbecomean emerging disease of public hedth significancein South-East Asig,
Indian subcontinent and Pecific (Solomon et al ., 2003). Globaly, itsoccurrenceisendemicin
parts of China, India, Korea, Japan, South East Russian Federation, IsSandsinthe Torres
grait Audtrdia, Nepa, Thailand, Vietnam, Cambodia, Phillipines, Tawan, Indonesia, Mdaysa
and Srilanka. Approximately 60% of the world’s population lives in these endemic regions. It
hasrecurred annually in Japan and Chinawith small outbreaksto morethan 10,000 casesper
year and casefatadity rate (CFR) of 10% (Achaand Szyfrez, 2003). It isprimarily adisease of
children (5-15 years) with neurol ogical sequel and death. It causes acute encephalitiswith
fatality ratesranging from 20% to as high as 50% (Burke and L eake, 1988; VVaughan and
Hoke, 1992; Kaur and Vrati, 2003).

The JEV existsin azoonotic transmission cycle among mosguitoes, pigs, bats, and
water birdsbelonging to thefamily Arde dae(cattle egretsand pond herons). Humansbecome
infected when bitten by an infected mosguito and are adead-end host because of low viremia,
preventing thevirusfrom being transmitted further (Solomon, 2004). The major mosquito
vectorsof JEV vary in different geographic regions; themost common arethose of the Culex
genus (Solomon, 2006; GourieDevi et al., 1995). Pigs are the main contributorsin the
transmission cyclewith respect to human infection, because these animal s often stay closeto
human dwellings. Ardeid birdsareimportant mai ntenance hosts. JEV antibodiesweredetected
in bats, revealing that bats can be apart of the JEV transmission cycle (Cui et al., 2008).

Vertical transmission of JEV in mosquitoes probably explains the “overwintering” of virus

Molecular and Serological Diagnosis of Japanese Encephalitis in Pigs.... 6
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between epidemics (GourieDevi et al ., 1995). JEV infection in domestic animalsand other
vertebrate speciessuch asequines doesnot result in high viremias; thus, they arenot expected
to transmit the virusto humans. Amphibians and reptiles can beinfected experimentally, but
their rolein overwintering and maintenancein theenvironment isnot known (Mackenzieet al .,
2004; Solomon, 2006).

Theantibody tothe JEV indifferent anima sprovidesan estimate of degree of exposure
and susceptibility of respective speciesto JEV infection. A high prevalenceof JEV antibodies
has been documented in pigs, horsesand birdsand to alesser extent in cattle, sheep, dogsand
monkeys. Pigsand ardeid birds arethe most important hostsfor maintenance, amplification
and spread of JEV . Pigs arethe main component in the transmission cyclewith respect to
human infection whereas herons, egrets and other ardeid birds areimportant maintenance
hosts (Erlanger et al., 2009). JEV infected animals and mosguitoes generally remain
asymptomatic, although fatal encephalitisoccursin horsesand fetdl wastage occursinswine
(Burkeand Leske, 1988). JEV effectsininfected domestic anima shaveleadto thedevel opment
of animal vaccines. The domestic animals can get infected but show no evidence of viremia.

Rodents appear to be unimportant hosts (Scherer et al., 1959a).

Swineplaysimportant roleasan amplifying host in diseasetransmission. JEV infects
number of animal s such asswine, horse, dog, chicken, duck and reptilesin nature (M urphy et
al., 1999). Horsesinfected with JEV may develop fatal encephalitiswith anorexia, lethargy
andfever, whereasinfectionin swineisgenerally inapparent except stillbirths, abortion and
aspermiarespectively ininfected sowsand boars. It isenzooticin Asiaand most commonly
associated withricegrowing fiddsin therural areaswherewater lodging andirrigation system
providesheathy environment for mosquito breeding. Two transmission pattern of JEexistin
nature, an enzootic/endemic patterninthetropical areaswith seasonal outbreak in summer.
Theepidemiologica pattern and virusactivity isgreetly influenced by climate, geography and
immune status of the host population (Gubler, 2002).

Thelaboratory diagnosisroutingy used for JEV infectionisbased onfour basic types
of assays. serology, virus isolation, immunocytochemistry, and molecular techniques.
Serologicaly, JEV infection can be detected by immunoglobulin M (IgM) and 1gG capture
enzyme-linked immunosorbent assay (ELISA) (Burkeet al., 1982; Endy and Nisaak, 2002;

Molecular and Serological Diagnosis of Japanese Encephalitis in Pigs.... 6
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Solomon et al., 1998). However, confirmation and typing of virusare based on demonstration
of fourfold or greater increasein the virusspecific neutraizing antibody titer by plaguereduction
neutrdization (PRNT) assay with severd flaviviruses. Virusisolaionfromdinica and surveillance
sampleshasgenerdly been unsuccessful, owingtothelow leve of transient viremiaassociated
with the disease process, and also requiresviablevirusin samples. Patientswith JE present
vivid sgnsof acuteencephalitic syndrome (AES). Oneof therecent advancesinthediagnostics
istheuse of molecular techniques such as polymerase chain reaction (PCR), Real-time PCR,
reversetranscriptasel oop-mediated isothermal amplification (RT-LAMP) etc. Thereverse
transcri ption polymerase chain reaction (RT-PCR) and Red -time RT-PCR hasbeen reported
by several workersfor quick and sensitive detection of JEV RNA from clinical samples of
human and animals (Shirato et al., 2003; Yang et al., 2005; Paridaet al., 2006a; Sapkal et
al., 2007; Santhosh et al., 2007; Saxenaet al., 2009).

By keeping theabovefactsinview, thereisan urgent need to know the preval ence of
Japanese encephdlitisin case of pigsin endemicregionsof India. Therefore, the present study

wascarried with following objectives,

1. Tostandardizerever setranscriptase-PCR (RT-PCR) and Real-timeRT-PCR
assay for therapid detection of Japanese encephalitisin pigs.

2. To study the prevalence of JEV in pigs by Indirect enzyme linked
immunosor bent assay, RT-PCR and Real-time PCR assay.

25 25 25
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REVIEW OF LITERATURE

2.1 History

Japanese encephditiswasrecognizedin horsesand humansasearly as1871. In 1924
asevereepidemicwasreported from Japan; afilterable agent wasextracted from humanbrain
and passed to rabbits, although the agent could not be characterized. Every 10 years, major
epidemicswerereported in Japan affecting over 6000 patients (Miyake, 1964). In 1935, JE
viruswasisolated from human brain in Tokyo, Japan, and itsvirological and serological
prototype, Nakayamastrain, was established. The JEV wasalsoisolated from thebrain of a
sick horsein 1937. Mosquito transmission of JEV was suspected intheearly 1930sand JEV
wasisolated from Culex tritaeniorrhynchus by Mitamuraand his colleagues (Mitamuraet
al., 1936). Theroleof pigsand birdsasreservoir in thetransmission of JEV was established
in 1959 (Buescher and Schere, 1959a).

InIndia, JE asadiseasewasfirgt reported in 1955 when clinical casesweredetected
inVelloreand Pondicherry in southern India. The viruswas however, not recovered from
humansuntil 1958, when threeisolationsweremadefromthe brain tissue of infected persons.
Until early 1970s, the disease was reported only from southern Indiawith periodic focal
reportsof itsoccurrence. A mgjor outbreak resulting in 42.6% case-fatal ity rate was reported
from Bankuradistrict of West Bengal in 1973. Subsequently, the disease spread to other
states and caused aseries of outbreaksin different partsof the country. In 1978, caseswere
reported from 21 statesand union territories, and from then onwardstill 2007 there have been
1,03,389 reported cases of JE in Indiathat hasled to 33,729 deaths (Dhillon and Raina,
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2008). Approximately 597,542,000 peoplein Indialive under the JE-endemicregionsand
there are 1500-4000 reported cases every year (Kabilan et al., 20044, b). Thesefiguresare
based ontotal reported casesand it isquite possiblethat severa cases may go unreported and
hencetheactua magnitude of thethreat of JE may be considerably higher bothinthelndianas

well astheglobal context.
2.2 Japanese encephalitis virus

Japaneseencephditisvirus(JEV) belongsto genusFHavivirusof family Flaviviridae.
The JE virion consists of asingle strand of positive-sense RNA of around 11 kilobase, inside
anucleocaps d andissurrounded by aglycoprotein-containing envelope. TheRNA comprises
ashort 52 untrandlated region (UTR), alonger 32 UTR and asingle open reading frame
betweenthem. It codesfor asingle polyprotein, whichistrandationdly and post-trand ational ly
cleaved by viral and host proteasesinto three structura proteins (core-C, premembrane-Privi
and envelope-E), and seven nonstructural (NS) proteins (NS1, NS2A, NS2B, NS3, NHA,
NS4B, and NS5). The C protein (12-14 kDa) is highly basic and combines with the RNA to
form the nucleocapsid (Kaur and Vrati, 2003). The prM is closely associated with the E
protein, forming a heterodimer and is thought to act as a “chaperone’ to it, impairing its function
until after virion release. Immediately prior to virion release, the prM protein (18-19 kDa) is
cleaved to its mature M protein (8-9 kDa) form. This allows the formation of E protein
homodimers, which are thus “activated’. The prM protein of JEV contains a single N-linked
glycosylation site, whichishighly conserved among the JEV strains. Researchesindicated that
thishighly conserved N glycasylation motif inprM iscrucid for multiplestagesof JEV biology:
prM biogenesis, virusreleaseand pathogenesis (Kim et al., 2008). The E proteinisthelargest
structural protein (53-55 kDa), with up to two potential gylcosylation sites. It is the major
target for the humoral immuneresponse and isthought to beimportant for vira entry into host
cells. Itisworth mentioning that low pH isextremely important for vird entry intothecell to
trigger vira membrane fusion with host endosoma membrane, thereby releasing the
nucleoplasmidinthecytosol (Duttaet al., 2010).

2.3 Genotypes

Phylogenic studies of anumber of JEV isolatesfrom different geographic areasusing
limited nucleotide sequencinginthehighly variable PrM gene suggested that thereare at least

Molecular and Serological Diagnosis of Japanese Encephalitis in Pigs.... 6
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5JEV genotypes. Thesefindingswere confirmed using E genesequencing (Chenet al., 1990,
1992; Ni and Barrett, 1995; Paranjpe and Banerjee, 1996; Williamset al., 2000). Most virus
strainsof genotypel wereisolated from Northern Thailand, Cambodiaand K orea; Genotype
Il from Southern Thailand, Indonesia, Maaysiaand Austraia; genotypelll fromareasof Asa
that arelargely temperate such as Japan, Korea, China, Taiwan, the Philippines, Indiaand Sri
Lanka; genotype IV from Indonesia; and genotype V from Malaysia (Chen et al., 1990,
1992; Williamset al., 2000; Uchil and Satchidanandam, 2001). M ost isolatesincluding the
Nakayamasdtrain bel ong to genotypelll whichisthemost widdly distributed genotype and the
only genotype isolated from the Indian subcontinent. Genotypes| and I11 are principally
distributed intemperate epidemic areasand genotypes|l and 1V intropical endemicregions.
The ancestor of JEV is probably an Asian virus and may have evolved in past 300 years
(Mackenzieet al., 2004).

2.4 Evolution and spread of JEV

The phyl ogenetic studies suggest that JEV spread from Southeast Asiato northern
and eastern areas. Genotypes|V and V arethe most divergent genotypesand may represent
theoldest lineages. Thedinicd significanceof thesefindingsin humansisyet tobeproven. The
origin, evolution and spread of flavivirushave beeninvestigated by detailed genomic sequence
analysisand ca cul ating base substituti on rates using sequencesfrom NS5, NS3, or E genesor
from complex genomic equences (Gubler, 1997, 2002). Theresults have shown that tick-
borne and mosquito-borneflaviviruses congtitute two distinct separate evol utionary lineages
(Kunoetal.,1998; Billoir et al., 2000). Taking the phyl ogenic datatogether with the biologica
propertiesof different flaviviruses, it hasbeen suggested that flavivirusgenusmight haveevolved
from an ancestral virusin Africaabout 10,000 yearsback (Billoir et al., 2000; Gould et al.,
2004). Thetick bornelineageisbelieved to have diverged about 3000 years back followed
by the mosquito-bornevirus (Gaunt et al., 2001; Gould et al., 2003; Calisher et al., 1989).
Themost divergent of the mosquito-bornevirusesform acladetypified by theyellow fever
virus(YFV). Thesevirusesarefound in the old world and are largely transmitted by Aedes
mosguitoes. A subsequent divergence gaveriseto further clades containing viruses associated
with Aedesmosguitoesincl uding somecaus ng hemorrhagic disease, exemplified by thedengue
virusserological group, and another with Culex mosguitoes caus ng encephadlitis, typified by

Molecular and Serological Diagnosis of Japanese Encephalitis in Pigs.... 6
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membersof JEV serological group (Porterfield, 1975). A study on origin and distribution of
JEV in Southeast Asiarevealed that all 5 genotypesof JEV arefound in Indonesia, New
Guineaand Maaysasuggesting that JEV originated fromitsancestral virusintheIndonesa-
Malaysiaregion and evolved thereinto different genotypes which then spread acrossAsia
(Solomon et al., 2003). The phylogeni ¢ clustering and rel ationship have been in agreement
with the classification of flavivirususing the standard classification scheme. The Japanese
encephditisserologica group of flavivirusesincludes8 virus speciesand 2 subtypeviruses
with ageographical range encompassing al continentsexcept Antarctica. Themajor virus

speciesinthisgroup and their geographic distributionisasfollows:

1. JEV in Eastern, Southern and Southeastern Asia, PapuaNew Guineaandthe Torres
Strait of Northern Australia.

2. West Nilevirusin Africa, Southern and Central Europe, India, TheMiddle East and
North Americaand Kunjinvirus (Subtype of West Nilevirus) in Australiaand Pepua
New Guinea

3. TheMurray Valey encephalitisvirus(MVEV) in Australia, PapuaNew Guineaand
the Western Indonesiaarchipel ago.

4, St. Louisencephalitisvirus (SLEV) in North and South America
The other minor membersin JE serology group are Usutu, Koutango and Yaounde
viruseswhichare prevaent in Africa; Cacipacorevirusin South America; and Alfuy,
asubtypeof Murray Valey Encephditisvirus, in Austraia.

Most of these viruses have avian vertebrate hosts and are transmitted by Culex

MOosguitoes.

The most members of Flavivirus genus are arthropod borne or ARBO viruses, a
term that describestheir requirement for ablood sucking arthropod to completetheir life
cycle. Theflaviviridae genus comprisesmorethan 70 viruses, 40 of which are mosquito borne,

16 tick borne and 18 have no known vector (Heinz et al., 2000).
2.5 Enzootic cycle of JEV

JE isavector-bornevira disease. JEV istransmitted between vertebrate hosts by

mosquitoes belonging to the Culex sp. Thevirusisableto replicatewithinthesalivary glands
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of themosquitoes. Mature JE virionsremain entrapped inintracel lular vacuolesand arelater
released into theapica cavity of salivary gland cellsthrough thefusion of thesevacuoleswith
theapica plasmamembrane. Thisprocessisassociated with primary re-synthesisof sdivain
mosguitoesfollowing blood feeding activity. Another type of sheddinginvolvesvirusparticles,
ether angly orinmass, being rd eased directly through the apicd plasmamembrane (Takahashi
and Suzuki, 1979). Componentsof themaosguito salivamay a so modul ateinfection by dtering
thelocd cytokinemilieu. Feeding by mosquitoes of Culex p. or administration of siaokinin-
|, amosquito salivary protein, have been found to downregulate IFN-y production and
upregulate the TH2 cytokines, IL-4 and IL-10 (Zeidner et al., 1999). Human infectionsare
mainly spread by Culex tritaeni orrhynchuswhich breedsin pool s of stagnant water such as
rice paddy fields (Inniset al., 1995). Becausetherice paddy isunavoidable, mgjority of the
populationinrura Asahasbeeninfected withthevirusby early adulthood (Solomon, 2003).
Wading ardeid water birds(e.g. heronsand pond egrets) and bats serve asvirusreservoirsor
maintenance hogts, but thevirusregularly spillsover into pigs, membersof thefamily of Equidae
(e.g. horsesand donkeys) and humans. Pigsare considered asthe main amplification hostsas
viraemiaresultswith ahightitre. Dueto the d ose proximity of pigswith human dwdlingsthese
animal sarecond dered main component in thetransmission cyclewith respect to humaninfection
(Ghosh and Basu, 2009). JEV infection in other domestic animalsdoesnot result in high
viraemiaand thus, they are not expected to transmit the virusto humans (Duttaet al ., 2010).

2.6 Epidemiology

The geographic areawhere JE isendemic hasincreased over thelast 70 years. The
differencein diagnogtic facilitiesand reporting of encephalitisin different regionsrendersthe
precise estimate difficult. Thefirst epidemic of JE wasreported in Japan inthe 1930s. In
China, outbreaksof summer encephalitishave been occurring since 1935. Currently thereare
10,000-20,000 patients reported every year in China, although in the early 1970s the annual
incidencewas morethan 80,000 patients (Vaughn and Hoke, 1992). Inthefar eastern Russian
state, JE wasfirst reportedin 1938. In 1949, alarge epidemic was reported in South Korea.
In 1965, epidemicsof JE werereportedin Northern Vietnam with acurrent annua incidence
of 1000-3000 cases. In 1969, JE epidemics occurred in Chiang Mai Valley in Northern

Thailand and its current annual incidence is 1500-2500 cases. In India, JE was first reported
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inVdlore, South Indiain 1955 and remained restricted until the 1970s (Webb and Pereira,
1956). L ater JE epidemics spread to thewhol e of Indiaincluding the costal areas, North India
Sub Himalayan areas and Eastern India. Large annual outbreaks exceeding 2000—7000 cases
arereported every year. Inthelate 1970s, JE caseswere reported from Burma, Bangladesh
and Southern Nepal. In Southern Nepal, about 500 cases of JE have been reported every
year. In 1985, thefirst epidemic of JE wasreported in Sri Lankaaffecting 410 patientsand 75
deaths. JE has also been reported from Pakistan.

InMadaysiaJEV wasisolated in the 1960s and about 100 casesarerecorded annually.
In Indonesia, JE is endemic and 1000-2500 cases occur annually; however in a majority of
these patients, the etiol ogical agent is not confirmed (Wuryadi and Suroso, 1989). Inthe
Philippines and New Guineasporadic JE cases have been reported. Thefirst case of JEwas
reported fromthe Austraian TorresStrait Idand in 1995 and north of Cairnsonthe Austraian
mainland in 1998 (Hannaet al ., 1996; 1999).

Although JE isprimarily concentrated in Southeast Asia, 3 epidemiological regions
have beenidentified (Rhodin, 1996).

1. Endemicregion: comprised of Southern India, Southern Vietnam, Southern Thailand,
ThePhilippines, Mdaysiaand Indonesia. Inthisregion, themosquitoesaremoreoften

attracted by birdsand pigs and human cases arerare.

2. Intermediary subtropical region: Thisincludes Northern India, North and Central
Burma, Northern Thailand, Northern Vietnam, Southern Chinaand Bangladesh, JEV
transmissionispermanent but of low intensity; however, itincreasesto higher levels
during rainy season especially April to October. Epidemicsin contrast are severeand
mostly affect children.

3. Temperate epidemic region: Thisregion spansNorthern China, Korea, Japan, Taiwan
and Southern Russia. Transmission of JEV isvariabledepending ontheenvironmenta
temperature. During winter, the mosquitoesareinactive but | arge epidemicsmay occur
during summer and autumn. The geographi c areaof JE isincreasing. Themechanism
by which JE invades and establishesinto new areasisnot well understood. It hasbeen

thought for along timethat changing land usage and agriculture practicesfollowing
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deforestation especially expansi on of rice growing areas may beresponsiblefor the
increaseintheincidence of JE. Thishowever, may not betheonly reasonfor invasion

of JEV to new areas. Three possible mechanisms have been suggested.

1. Wind-blown mosquitoes
2. Birdmigration
3. Movement and transportation of infected hogt.

Introduction of JEV intothe Torres Straitswas by migratory birdsmovingfromIndonesa
to New Guineaand findly to Torres Straits, where mosquito-pig and mosquito-bird cycles set
in(Mackenzieet al., 20023, b). The subsequent movement of JEV from the Torres Straits
into the Northern Mainland Austrdiawasthrough the movement of infected mosquitoesblown
by cyclonicwinds(Ritchieand Rochester, 2001). Theroleof windinspreading JEV isillusrated
by annua blowing in of infected Culex tritaeniorrhynchusin Chinaand Japan (A sashinaand
Noguchi, 1968).

In the devel oped countries such as Japan, Taiwan and South K orea, the number of JE
cases has dropped considerably which may be dueto mass vaccination of children, vector
control, changing pig rearing practices, separation of housing from farming areas and better
and clean ambience and reduced availability of mosquito breeding pools (Innis, 1995). In
theseareas control of JEin childrenand decliningimmunity inadultshasledtoreportsof JEin
theelderly (Vaughnand Hoke, 1992).

2.6.1 Epidemiccycle

JEV istransmitted through azoonotic cycle between mosquitoes, pigsand water
birds. Humans get accidentally infected when bitten by an infected mosquito and are adead
end host. Humansdo not participatein the spread of JE because of low level and short-lived
viremia(Misraand Kalita, 2010).

2.6.2Vertical transmission of JEV

Theverticd transmission of JEV referstotransmission of thevirustothenext generation
of mosquitoes. Verticd transmission probably occursat oviposition rather than transovaridly

which might account for the persistence of virusin nature (Rosen et al., 1989). Vertica
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transmission of JEV has been reported in 3 strains of C. tritaeniorrhynchus, C. pipiens,
Aedes albopictus, A. togoi, C. annulus, C. quinquefasciatus and Armigeres subalbatus

MOosguitoes.
2.6.3Animal reservoirs

Theantibody tothe JEV indifferent animal sprovidesan estimate of degree of exposure
and susceptibility of respective speciesto JEV infection. A high prevaenceof JEV antibodies
has been documentedin pigs, horsesand birdsand to alesser extent in cattle, sheep, dogsand
monkeys. Pigsand ardeid birds arethe most important hostsfor maintenance, amplification
and spread of JEV. Pigs are the main component in the transmission cyclewith respect to
human infection whereas herons, egrets and other ardeid birds areimportant maintenance
hosts. JEV infected animalsand mosguitoes genera ly remain asymptomatic, athough fatal
encephalitisoccursin horses and fetal wastage occursin swines (Burkeand Leake, 1988).
These effects on domestic animals have lead to the devel opment of animal vaccines. The
domestic animals can get infected but show no evidence of viremia. Rodents appear to be
unimportant hosts (Scherer et al., 1959b). Amphibians, reptilesand batscan becomeinfected
experimentaly and thevirus can persst. Pigsarethe most important reservoir of JEV because

of thefollowing reasons.

(@)} Highincidenceof naturd swineinfection.

2 High frequency of viremiain pigsafter infected mosquito bite.

3 Viremia lasting in high titer for 2-4 days which is adequate to infect C.
tritaeniorrhynchus.

4 Transmission of JEV from pigto pig by laboratory reared C. tritaeniorrhynchus

5) Large number of C. tritaeniorrhynchus mosquitoesfound biting pigsin nature.

(6) Presenceof largenumber of susceptiblepigsisreplenished each year dueto commercia
slaughtering of the animals at 10-16 months of age (Scherer et al., 1959a, 1959D).

2.6.4Bird mosguitocycle

Bird mosguito cycleisthought to beimportant in maintaining and amplifying JEV inthe
environment. Viremiafrequently followsinfection of both wild and domestic birdsfollowing

themosguito bite. Thevira titersinthebirdsareadequateto infect other mosguitoes. InIndia,
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34.8% of pond herons, egretsand cattle have JEV neutralizing antibodies (Rodriguesetal.,
1981). Japaneseencephd itisvirusantibody ispassively transferred from immunehensaswell
asfrom 25% of immunewild heronsand egretsto their progeny which aredetectableuntil the
third to fifth week of life (Buescher et al., 1959b). Antibody-positive young birds, however,
can beinfected with an adequate dose of virus. Oncethebirds have beeninfected, they are
immuneand no longer ableto amplify JEV (Scherer et al., 1959c; Miyamoto and Nakamura,
1969).

2.6.5 Effect of seasons

Inthetropics, JEV transmission occursround the year whereas seasona epidemics
begin during therai ny seasonswhen the mosquito density ismaximum (Umenai et al., 1985).
An epidemiologica survey in South India(Tamilnadu) demonstrated asequenceof increasing
rainfall followed by anincreaseinvectors, seroconversionin sentinel farm animas, followed
by seroconversion and encephalitisin humans(Mani et al., 1991). Similar phenomenahave
been observed in other countriesaswell. In Thailand, nonimmune sentinel pigsinthedry hot
season do not get infected until several weeks after thefirst rains of the wet season occur
(Hokeet al., 1988). Two epidemics, during April to July (severe) and during September to
December (milder), have been reported from Karnataka, India. Broadly speaking, two
epidemiologicd patternsof JE arerecognized inthenorthern areaswhichindudeNorth Vietnam,
Northern Thailand, Korea, Japan, China, Taiwan, Nepa and Northern IndiaintheNorthern
region large epidemicsoccur during the summer months. Whereasin southern regionssuch as
SouthVietnam, southern Thaland, Indonesia, Mdaysia, ThePhilippines, Sri Lankaand Southern
India, JE tendsto be endemic and cases occur sporadically throughout the year with apeak
duringtherainy reason. Thisdifference between southern and northernregionsismoreclosely
related to temperaturerather thanrainfal. Inastudy from Vietnam, therainfal between north
and southwassimilar. Thetemperatureremained high throughout theyear inthe south aswell
asthe number of JE cases. Whereasin the north, asharp risein JE cases occursduring the
summer months which corresponds with the rise in temperature above 20°C. At lower
temperatures, thelarva devel opment time and extrinsicincubation period of JEV arelonger

which may aso reducetherate of virustransmission.
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Itisdifficult to understand how the JE virus survivesin the cold season in temperate
and subtropical endemic areas. Thereare severd hypothesesto explainthis phenomenon. The
virus may overwinter in hibernating mosquitoes, in mosquito eggs, inreptilesor it may be
reintroduced by migrating birds. In Korea, acollection of 50,499 mosquitoesduring thewinter
monthsover a6 year period revealed 2 strains of JEV, onein the month of December and
another in February (Lee, 1971). JEV hasaso been isolated from larvae collected in the
month of Junesuggesting vertical transmisson of JEV asapossbleexplanaionfor overwintering
(Rosen et al., 1989). Maintenance of JEV in mosguito may be the principal method of
overwintering (Rosen, 1986). The migrating birdsin southern areas may reintroduce JE in
temperatezonesduring summer. Itis, however, unlikely becausetheadult migrating birdsare
resistant to experimental infection by JEV (Buescher, 1956). Thereactivation of latent JEV
has been suggested dueto stress of migration or hormonal changes. This phenomenon has
however been ruled out by demonstrating different strainsof JEV in northern and southern
regions(Chen et al., 1990). Therole of snakesand frogsin overwintering of JEV hasbeen
suggested from Korea. Two JEV isolateswere obtained from 747 snakes(Leeet al., 1972).
Under artificia hibernation conditions, thevirus could be detected in snakesand frogs after 6
months(Oh et al., 1974).

2.6.6 Clinical manifestationsin humans

Theincubation period in man, after amosqguito bite, isnot exactly known. Ingenerd,
it varies from 1-6 days. However, it can be as long as 14 days. The manifestations of the
disease depend on which part of the nervous systemisaffected and include early symptoms,
such asnonspecificfebrileillness, headache, aseptic meningitisand encephdlitis. viz. diarrhea
and rigor, followed by symptoms such asreduced level sof consciousness, sel zures, headache,
photophobia, and vomiting inthe next stage (Solomon et al., 2000). In some cases, abnormal
mental conditions may be observed. Later symptomsal so include poliomyelitis-likeflaccid
paralysis(Solomon et al., 1998) and parkinsonian syndrome, which manifeststheclassic
description of JE-dull, flat, mask-likefacewith wide, unblinking eyes; tremor; generalized
hypertonia, cogwhed rigidity and other abnormalitiesin movement (Solomon et al ., 2000).
Severeencephalitisisassociated with ahigher frequency of seizures(Solomon, 2004). Infata
cases, patientsultimately dip into an acute coma. V ari ous e ectroencepha ographic abnormalities
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includethe presenceof dpha, theta, and deltacoma, and epileptiform conditions (Solomon et
al., 2000; Kalitaand Misra, 1998; Misraand Kdlita, 2010). Symptomsof brainsteminfection
include changesintherespiratory pattern, flexor and extensor posturing and abnormalitiesin
the papillary and occulocephalic reflexes (Solomon et al., 2000; Kumar et al., 1990). Infatal
casesof JEV, pathologica changesare polymorphicand diffuse, involving variouspartsof the
nervous system where the brain shows a severe degree of vascular congestion, microglial
proliferation, formation of gliomesenchyma nodules, foca or confluent areasof cystic necrosis,
cerebral edema, and transcompartmental shift (Gourie-Devi et al., 1995). Many survivors of
JE acquire neuropsychiatric sequelaewith cognitive and language impairment, inwhich case
the disease presentsitself not only asakiller but also asacause of animmense social and
financial burden, especially for adevel oping country (Kaur and Vrati, 2003; Vaughn and
Hoke, 1992; Misraand Kalita, 2010).

2.6.7 JEV infectionin Pigs

The primary disease manifestation of JEV infectionin sowsand giltsisreproductive
falluremanifested by abortion and abnormd farrowings. Litterscontain stillborn and mummified
fetuses, and weak neonatesthat may present with hydrocephal us and subcutaneous edema.
Sexually mature swinedo not show any significant clinical signsof infection, but transient
anorexiaand amild febrile response have been observed. Reproductivefailureoccursin non
immune sowsthat becomeinfected before 60-70 days of gestation. Infection after thistime
does not appear to affect piglets significantly (Sugimori et al., 1974). JEV hasalso been
associated withinfertility in boars. Hashimuraet al. (1976) isolated JEV from thetesticlesof
aboar with orchitis. Ogasaet al. (1977) showed that infection of susceptibleboarsresultedin
edematous, congested testiclesthat produced semen with numerous abnorma spermatozoa
and significantly depressed total and motile sperm counts. Yamadaet al. (2004) reported that
JEV wasisolated fromtonsisof 2 of 4, 40 day old pigsthat presented with awasting syndrome.
These pigs did not exhibit neurological signs, but histological examination revealed a
nonsuppurative meningoencephditis. Theseinvestigatorswere ableto reproduce nonsuppurdtive
meningoencephalitisin 3-week-old pigletswith theisol ated viruses. The affected pigsalso
showed varying degreesof depression and hind limb tremors, whether or not an association
with awasting syndromeexistswas not established, but it isnoteworthy that JEV infectionin

Molecular and Serological Diagnosis of Japanese Encephalitis in Pigs.... 6



Review of Literature...

humans can present with wasting of limbsasaresult of flaccid paralysis (Solmonand Vaugh,
2002). Kodamaet al. (1968) a so reported that experimental infection of 2-day old piglets
produced tremorsand paraysis of thehind limbs.

2.7 Emerging JE

The emergence of JE can probably be explained by 2 factors. First, JE-endemic
countries experienced an unprecedented popul ation growth in recent decades. For example,
in Eastern Asia, South-Centra Asia, and Southeast Asia, the popul ation morethan doubl ed,
from 1.7 billioninthemid-1950sto 3.5 billion 50 yearslater (United Nations, 2005). Second,
pig rearing has grown exponentially and rice-production systems, particul arly irrigated rice
farming, haveincreased both in cropping areaand croppingintensity. In China, for example,
pork production doubled from 1990 to 2005.

Today, thetotal rice-harvested areaof al JE-endemic countries(excludingthe Russian
Federation and Australia) is 1,345,000 km?, an increase of 22% inthe past 40 years. Over the
sametimespan, thetotal rice production in these countrieshasrisen from 226 milliontonsto
529 million tons (+134%). The number of peoplelivingin close proximity toirrigated areas
reflectsthefraction of the population that potentialy isat an elevated risk of acquiring JE. The
absoluteand relative change of irrigated riceareaand therel ative changein pork production
can be used as proxiesfor aterationsin therisk of acquiring JE. In absolute numbers (116.6
million) andinrelativeterms, most peoplelivingincloseproximity toirrigated areasarefrom
Bangladesh (82%); the second largest popul ation livesin India(107.8 million), followed by
China(22.0million). Thelargest irrigated rice areain 2005 wasfoundin India(41.9 million
ha), followed by China(29.0 million ha), Bangladesh (10.5 million ha), and Thailand (10.0
million ha). Highest increasesinirrigated riceareasin the past 15 yearswere estimated for
Myanmar (+47%) and Cambodia(+30%). Highest increasesin pork production occurredin
Myanmar (+381%), Vietnam (+147%), and China(+87%). On the other hand, pork production
declined in Malaysia (-47%), North Korea (-35%), and Japan (—23%). Despite the fact that
irrigated riceproduction and pig rearing arekey factorsinthetransmission of JE, crudenumbers
fail tocompletely explainthecomplex interplay of variouscontextud determinantsof thedisease.
Clearly, wherericeproduction and pig rearing overlap, theimpact on JE transmissonisstronger

thanin areaswhereboth activitiesare physically separated. Thisisthe case, for example, in
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Malaysia, wherethe Malaysmainly grow ricein 1 areaand the Chineserear pigsin another
area. Here, thesocid determinant of religion (most MaaysareMudim) playsadecisivefactor
(Erlanger et al., 2009).

2.8 Global Prevalence/l ncidence of JE
2.8.1Human

The annual incidence of the JE is 30,000-50,000 cases globally out of which 10,000
to 15,000 deathsare occurring annualy dueto this disease (Solomon, 2006) and the estimated
globa impact from JE in 2002 was 709,000 disability-adjusted lifeyears (DALY s) (Solomon,
2006). Inthe past 50 yearsthe geographical areaaffected by Japanese encephalitisvirushas
expanded. Differencesin diagnostic cgpabilitiesandinreporting of encephditismakeitimpossble
to plot thisexpansion precisaly (Solomon et al., 2000). However, thetiming of thefirst reported
casesor new epidemicsin each areagivesanimpression of therelentless spread of Japanese
encephalitis. In Chinaoutbreaks of summer encephalitisoccurred from 1935, and thevirus
was first isolated there in 1940; there are currently 10-20 000 cases a year, although in the
early 1970sit wasover 80 000 cases annually (Vaughnand Hoke, 1992). Inthefar eastern
Russian states, Japanese encephalitisfirst occurred in 1938. In 1949, large epidemicswere
reported from South Koreafor thefirst time. Epidemicsinnorthern Vietnam followed in 1965
(currently 1000-3000 cases nationally a year), and in Chiang Mai in northern Thailand in
1969 (currently 1500-2500 cases nationally a year). Japanese encephalitis was recognised in
southern Indiafrom 1955, but was confined to the south until the 1970s. Sincethen, large
outbreaks (2000-7000 cases a year) have been reported from eastern and northeastern states.
Thefact that adultsand children wereequally affected in these Indian states strongly supports
theideathat theviruswasintroduced herefor thefirst time. Thelate 1970sa so saw thefirst
casesin Burmaand Bangladesh, and large epidemics (up to 500 casesayear) in southwestern
Nepd. In 1985 Sri Lankaexperienced itsfirst epidemicwith 410 casesand 75 degths. Japanese
encephalitisviruscontinuesto spread westward with cases occurring in Pakistan (Igarashi et
al., 1994) and new epidemicsin the Kathmandu valley of Nepal (Zimmerman et al., 1997).
JE hasbeen recognized in 1978 from Nepal and since then 2000-3000 caseswith 200-400
deaths per year werereported annually from 27 districts of the country (Pant et al., 2006). In
1997, large epidemic of JE occurred inthreewestern districts Bake, Bardiaand Kilali with
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2403 casesand 335 deathsin Nepal (Akibaet al., 2001). The disease has occurred on the
western Pacific islands with outbreaksin Guam in 1947 and Saipan in 1990 (Paul et al.,
1993). InMaaysathediseaseisendemic; theviruswasfirst isolated in the 1960s and about
100 cases are recorded annually. Japanese encephalitis is endemic in Indonesia, and 1000—
2500 cases of encephditisarereported annualy, althoughin most the etiologica agent isnot
confirmed (Wuryadi and Suroso, 1989). Further east, Japaneseencephalitisoccurssporadicaly
inthe Philippinesand New Guinea. Thefirst casesoccurredinthe Australian Torres Straits
isandsin 1995, (Hannaet al., 1996) and it was reported for thefirst time north of Cairnson
theAustralianmainlandin 1998.

Thereasonsfor the spread of Japanese encephditisareincompl etely understood, but
probably include changing agricultural practices, such asincreasingirrigation (whichalows
mosquito breeding), and animal husbandry (which provides host animas). InIndonesia, the
lower prevalence of antibody to Japanese encephditisvirusin Borneo than neighboring Bali
has been attributed to thelack of pigsin thispredominantly Moslem culture (Wuryadi and
Suroso, 1989). In devel oped countries such as Japan, Taiwan, and South K oreathe number
of caseshasfallen, probably dueto acombination of massvaccination of children, spraying of
pesticides, changing pig rearing practices, separation of housing from farming, better housing
withair conditioning, and lessavailability of mosquito breeding pools(Innis, 1995). However,
in Koreathewidespread use of vaccinein children hasbeen associated with ahigher incidence

of Japanese encephalitisinthose over 15 years (Vaughn and Hoke, 1992).
2.8.2Animalsand Birds

JEV infectslarge number of animal s such ashorses, swine, cattle, duck, chicken and
reptilesin nature. During the periodsimmediately preceding epidemics, theinfectioninswine
reechesvery highleves. Infectioninswineisgeneraly inapparent, except stillbirthsand abortions
in pregnant sowswhen infected and aspermiain boarswhereasinfected horsesshows signsof
encephalitis(Murphy et al., 1999; Burkeand Monath, 2001). In southern Thailand, 70% of
pigsareinfected (Burkeet al., 1985). High antibody titers have been observed in equines,
bovinesand various species of wild and domestic birds. In China, ducks have beenfoundto
havereactor ratesof over 20%. In Jgpan, an examination of 1,339 serafrom cattle of different

areas of the country reveal ed reactor rates of 59.7% in the central part of the country and
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56.8% in the south, whereas in the north the rate was only 2.1% (Sakai et al., 1985). In
Japan, largenumber of epidemicsof JE in horseswererecorded in 1947 and 1948 (Yamanaka
et al., 2006). JE causes maor economic lossesin Asian countrieslike Japan, Taiwan and
Thailand where high rate of abortion and neonatal mortality reported in swinepopulation. In
endemic areasof Asiaamorbidity ratewas estimated at 44.8 per 10,000 equines. In 1948
epidemic, morbidity rateroseto 337.1 per 10,000 equinesin Japan (Achaand Syfrez, 2003).
Pant et al. (2006) reported seroprevalence of JE to thetuneof 61%in pigs, 50% in horses
and 7% in ducksusing competitive ELISA in Nepa . A serological survey of pigs, horsesand
ducksrevesaed atotd of 43.92% seropositivity to Japanese encephalitisvirusantibodies (Pant
et al., 2006). Seroprevalence of 21.7% of JEV in swinewasreported by Yang et al. (2006)
by I-ELISA. JEV antibodieswere detected in 68% wild boars by 1gG ELISA (Hamano et
al., 2007). The presence of neutralizing and haemagglutination inhibition (HI) antibodiesto
JEV wasdsofoundinwild pigsof Singgporeandwild pigscould serveassenting for transmisson
of JEV (Seeet al., 2002). Chang (2002) reported seasonal prevaence of JEV antibodiesin
pigsand suggested that JEV propagatesand remain activeinwinter aswell asother seasonsof
the year. Theincidence of JEV was 51.3% among domestic cattlein Korea based on the
haemagglutination inhibition test and resultsindi cate that Swineare susceptiblehostsof bovine
arboviruseswithout showing clinical symptomsinanatura environment (Lim et al., 2007).
Horimoto et al. (1987) reported monthly distribution of HI antibodiesto JEV in cattle. Birds
and pigsarethe only known major effective viremic amplifying host serving asasourcefor
infectionin vector mosguitoes (Scherer et al., 1980). Antibodies against JE havea so been
detected inbats, reptiles, lizards and snakes (Shortridge et al., 1977; Doi et al., 1983). Lee
et al. (1956) reported seroprevalence of 21.7% in goats, whereas Yang et al. (2007) reported
aseroprevaenceof 12.1%ingoatsin Korea. In arecent study, in Japan, Ohno et al. (2009)
reported seropreva ence of 83% wild boarsand 59% raccoons. Shimodaet al. (2010) reported

seroprevaenceof 17% in dogsand 1% catsin Japan.

2.8.3Indian Scenario
2.8.3.1Human

InIndia, JE wasfirst recognizedin 1955 from cases of encephalitisadmitted to the
Christian Medica Collegeand Hospital, Vlore, Tamil Nadu (Webb and Pereira, 1956). In
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1958, JEV wasisolated from wild caught mosquitoesinthesameareaand isolated from brain
tissue of human cases (Reuben and Ggjanana, 1997). Thedisease wasremained confined to
southern Indiauntil 1970s. Thefirst mgor outbreak of JE involving morethan 700 casesand
300 deaths occurredin Burdwan and Bankuradistrictsof West Bengd in 1973 (Chakravarthy
et al., 1975). Since then, the number of outbreaks have been reported from the states of
Bihar, Uttar Pradesh, Assam, Manipur, Andhra Pradesh, Karnataka, Madhya Pradesh,
Maharastra, Tamil Nadu, Haryana, Kerda, West Bengd, Orissaand Unionterritories of Goa
and Pondicherry (Park, 2005).

In Uttar Pradesh, JE wasfirst reportedin 1978 in Gorakhpur district (Mathur et al.,
1982; Khare, 1984). Theincidence of JE rose steadily in Gorakhpur district during 1982-
1988. There were 118 cases with case fatality rate of 23.7% in 1982 and by 1988, the
number reached to 772 cases and 32.2% casefatality ratewas reported (Kar et al., 1992).
Anepidemic of vird encephditiswasreported from July through November 2005in Gorakhpur,
Uttar Pradesh, India. It wasthelongest and most severe epidemicin 3 decades; 5,737 persons
wereaffected in 7 districts of eastern Uttar Pradesh, and 1,344 personsdied (Paridaet al .,
2006b). Severd studieson seropreva ence have established the presence of JEV antibodiesin
human population from various statesin India (Kar et al., 1992; Vapayee et al., 1992,
Kanojiaet al., 2003; Padbidri et al., 2002; Rao et al ., 2000). Thevarying prevalencerates
for JE ranging from 20 to 41% wasrecorded by variousresearchersin human (Kumar et al .,
2006; Kari et al., 2006; Narasimham et al ., 1988; Kanojiaet al., 2003; Mathur et al., 1990
and Padbidri et al., 2002). Phukan et al. (2004) reported a seropreval ence of 53.7% during
2000-2002 in Assam. In Bihar, reported 360 cases with 64 deaths (CFR of 17.8%) in 2005.
In AndhraPradesh, reported 873 casesand 178 deathsin 15 districts during the year 1999
(Raoet al., 2000). During theyear 2003, JE caseswerereported from Warangal and Karim
Nagar districtsof AndhraPradesh (Daset al., 2004).

2.8.3.2 Animalsand Birds

Japanese encephalitisisendemicin variousstatesin Indiaand virusisolation and
seropositivity to JEV specific antibodiesiscommonin animasand birds (Geevergheseet al.,
1987a,b; Angami et al., 1989; Mall et al., 1995; Sarkar et al., 1995; Kumanan et al., 2002;
Raut et al., 2003). Preva ence of antibodiesto JE among wild birdsof AndhraPradesh was
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studied by Rodrigues et al. (1981) reveal ed 34.8% neutralizing antibodies to JE in pond
heronsand cattle egrets. Their findings suggested therole of theseardeid birdsin natural JE
transmisson cycleinIndia Loach et al. (1983) reported JEV antibodiesin ducks, fowlsand
peridomestic sparrowsfrom Bihar. Geevergheseet al. (1987b) isolated JEV from sentind pig
inKolar. Seroprevalenceof JEV antibodieswasreported to the tune of 77.7% dogs, 52%
cattle, 34% pigs, 21% goats, 21.4% pigeons and 22.2% heron egret’s in Nagaland (Angami
etal., 1989). In Bareilly, Uttar Pradesh, the HI positivity wasfound in dogs (55.77%), pigs
(40%), horses (37.65%), buffal oes (21.92%), goats (17.86%), sheep (2.38%) and cattle
(1.98%) (Mall et al., 1995). Ratho et al. (1999) reported JE specific HAI antibodiesin
30.3% pigs. Presenceof HI antibodiesto JE and West Nileviruses (WNV) hasbeen recorded
inthenaturdly infected pigsover aprolonged period (Geevergheseet al., 1994). Kumanan et
al. (2002) reported highest incidence of JE in pigs (26.4%) followed by birds (9.37%), cattle
(6.86%) and buffa oes(5.06). Recently, Nagaedlavathi et al. (2008) reported seroprevalence
of 18%in pigsin Haryana. In arecent study, Kolhe, (2008) recorded 1gG antibodiesto JEV
in27.66% pigsand 8.07% birdsand IgM antibodiesin 28.89% pigs. In pigshigher prevaence
was recorded in northeast region (35.22%), followed by Chandigarh (31.03%), Goa (29%),
Deonar daughter house Mumbai (25.89%) and Bareilly (20.83%).

2.9 Diagnosis
2.9.1 Aetiological diagnosis

Aetiologica diagnosisof JE isbased onvirusisolation or demongtration of virusspecific
antigen or antibodiesin CSF/blood. Thelaboratory diagnosis of aconfirmed case of Japanese
encephditisisbased on oneof thefollowing.

1 Fourfold or greater risein serum antibody titer

2. Isolation of virusfrom or demonstration of viral antigen or genomic sequencesin
tissue, blood, CSF, or other body fluid

3. Specific IgM antibody by enzymeimmunoassay (EIA) antibody captured in CSF or

serum.
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2.9.2Culture

|solation of JEV was conventionadly carried out by intracerebral inoculation of clinica
specimensin suckling mouse brain. Various cell culturesthat are being used more recently
include primary chick, duck embryo cells, and cell lines of Vero, C6/36, and AP61 cells.
Viruscan beisolated fromthe blood of patientsin preneuroinvasive and neuroinvasive phases
of theillness, usudly not later than six or seven daysafter the onset of symptoms(Kim-Thoaet
al., 1974; Kedarnath et al ., 1984). However, isolation of virusfrom clinical specimensis
generally considered arare occurrence (Shope and Sather, 1979) probably because of 1ow
vird titres, rapid production of neutrdising antibodies, and thel ogistic difficulty intransportation
of specimensin devel oping countriesand frequent freezing and thawing of clinica materia
(Mohanrao et al., 1983; Leakeet al., 1986). Sensitive mosquito inocul ation techniques have
been described for isolation of JEV (Ggjananaet al., 1995). Identification of JEV in culture
substrateswastraditionally carried out by the complement fixation test and agar gdl diffusion.
The neutrdisation test, monoclonal based immunofluorescencetechnique (IFT), and enzyme
immunoassay (EIA) arepresently beingused (Zhang et al., 1984).

2.9.3 Antigen detection

Various studies have proved the efficacy of antigen detectionin CSFusingreverse
passive haemaggl utination, (Ravi et al., 1989) immunofluorescence, (Zhang et al., 1989) and
staphylococca coaggl uti nation testsusing polyclond or monocl ond antibodies(MAD) (Raghava
and Badrinath, 1998) in rapid diagnosisof JE. Modified techniques such asuse of M-IGSS
have been successfully tried in the detection of antigenin mononuclear cells of peripheral
blood (PBMC) and CSF of patients(Deng et al., 1994).

2.9.4 Antibody detection

IgM antibody capture ELISA (Mac-ELISA) isthemethod of choiceto demonstrate
virus specific antibody in both blood and CSF (Bundo and Igarashi, 1985). However, when
serum IgM antibodiesare used for confirming JE, the co-presence of 1gG antibodies should
be demonstrated by another serological assay. Avidin biotin system (ABC Mac-ELISA),
(Chow et al., 1992) biotin labelled immunaosorbent assay to sasndwich ELISA, (Changet al .,
1984a,b) nitroce lulose membrane based IgM capture dot enzymeimmunoassay (Mac DOT),
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(Solomon et al., 1998) and antibody capture radioimmunoassay (ACRIA) (Burkeet al.,
1982) are some of the newer modificationsof Mac-ELISA that have been used in antibody
detection. Other serologicd testssuch ashaemaggl utination inhibition, the complement fixation
test, singleradia haemolysis, and the neutralisation test are still in usein somelaboratories.
Oneof theearliest ELISA developed for the screening of swine serawas by Konishi and
Yamaoka (1982). Morerecently anindirect ELISA (Yang et al., 2006) and aquantitative
ELISA (Xinglin et al., 2005) were devel oped to detect antibodies against JEV in swine.
Konishiaand Kitai, (2009) devel oped an enzyme-linked immunosorbent assay (ELISA) to
detect low level sof NS1 antibodiesinduced in humanswith subclinical infectionswith JEV. At
present, much advancement has been achieved in methodsfor the early detection of JEV;
examplesarethedipstick method (Shrivastvaet al ., 2008) JEV CheX (Ravi et al., 2006).

2.9.5Molecular Diagnosis

Attemptsto isol ate Japanese encephalitisvirusfrom clinical specimensareusually
unsuccessful, probably because of low viral titersand therapid production of neutralizing
antibodies. However, al the abovetechniques are time consuming, labor intensiveand are
often cumbersometo adopt for routineclinica use. Althoughisolation of thevirusfrom samples
isessentid to makeadefinitivediagnosis, RT-PCR has been used to detect flavivirusgenome
isarapid and specifictest (Eldadah et al., 1991; Tanaka, 1993; Igarashi et al., 1994; Meiyu
etal., 1997; Kuno, 1998; Paranjpe and Banerjee, 1998; Paridaet al., 2006a; Sapkal et al.,
2007; Saxenaet al., 2009). Two-step RT-PCR assay requires agarose gel analysisfor the
detection of ampliconsafter PCR cycling. So, the assay islabor-intensiveand hasavery high
risk of contamination. Recently, in additionto conventional RT-PCR, morerapid and sengitive
real-time PCR-based assays, such as TagMan RT-PCR, nucleic acid sequence-based
amplification (NASBA), reversetranscription loop mediated i sotherma amplification (RT-
LAMP) and branched DNA methods, have been reported and are currently under extensive
eval uation with human and fidld mosquito samples (Chan and Fox, 1999; Huang et al., 2004;
Igarashi, 1978; Parida et al., 2006a; Pyke et al., 2004; Shirato et al., 2005). Chen et al.
(2011) developed and evaluated RT-LAMP assay for detecting JEV. Thesensitivity of the
JEV RT-LAMP assay was in concordance with that of real-time RT-PCR and 10-times

more sengtivethan that of conventiona RT-PCR.
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Thered-time PCR assay hasmany advantages over conventional RT-PCR methods,
including rapidity, quantitativemeasurement, lower contaminationrate, higher sengtivity, higher
specificity, and easy standardization. Thus, nucleic acid based assays or redl -time quantitative
assay might eventudlly replacevirusisol ation and conventiond RT-PCR asthenew gold standard
for therapid diagnosis of virusinfection in the acute-phase serum samples (Santhosh et al .,
2007).

Yoyt
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MATERIALSAND METHODS

3.1 Biologicals and Chemicals

The biologicalsand chemical srequired in the present study were procured from the
renowned Internationd firms. The stock and working solutionsused inthe present sudy have
been mentioned wherever necessary and listed in the appendix.

3.1.1 Reference Japanese encephalitisvirusstrain

Inthe present study, reference Japanese encephalitisvirus (GP78) of humanisolate,
which was obta ned from Department of Microbiology, Sanjay Gandhi Postgraduate Institute
of Medical Sciences, Lucknow wasused. Thisstrain wasmaintainedinVero cdl lineinthe
Division of Veterinary Public Health, IVRI, Izathagar and used throughout the studly.

3.1.2Enzymes

Tag DNA polymerase, Moloney murine leukemia virus (M-MuLV) reverse
transcriptase, ribonucleaseinhibitor, T4 DNA ligase and restriction enzymeswere obtai ned
from M/sFermentas, Maryland, USA and used in the present study.

3.1.3Vectors

CloneJET™ PCR cloning kit (Fermentas, USA) was used for cloning.
3.1.4 Prokaryotic host

E.coli Top10F’ competent cells (M/s Invitrogen) used for cloning.
3.1.5Real time-PCR kit

QuantiFast SYBR Green PCR Kit (400) (Quiagen) was used for detection and
quantification of virusin pig blood samples.
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3.1.6 Immunoconjugates

Goat anti-pig 1gG heavy and light chain (Bethyl, Texas, USA) wasused for indirect
ELISA.

3.1.7 Chemical, glasswar es, plasticwar esand r eagents

All thechemicd sand reagentsused in the present sudy wereof andytica and molecular
gradesfrom Sigma, Hi-Media, SRL, BDH, Fermentas, Gentetix, Invitrogen, Genel Bengaluru,
Hyclone and other reputed national and international firms. Similarly, glasswares and
plasticwares were procured from Borosil, Qualigens, Axygen, Nunc and other firms of
internationd repute. The plasticwareswereeither certified to be sterile, Nucleaseand Nucleic
acid free or were rendered RNAse and DNAse free by treating them with 0.1% DEPC
overnight and autoclaved to inactivate DEPC.

3.1.8 Equipments, machines

V arious equi pments, instruments and machines used in the study are mentioned,

wherever necessary.
3.1.90ligonuclectideprimers

The Oligonucleotide primers used in the present study were got commercially
synthesized from SBS Genetech Co., Ltd. and arelisted in Table 3.1. The stock solutions of
the primerswere madein nucleasefreewater and stored at -20°C. Theworking sol utions of

the primerswere made to aconcentration of 10 pmol/ul and stored at -20°C.

Table3.1: Oligonucleotide primersused in thestudy

Sl. Primer Gene Sequence (5’-3") Primer Reference
No. name length

Primersusedin RT-PCR
1 JEF Envelope CCATGGGTCTGGGAATGGGCAATCGTGAC 29  Self designed

2 JER ()] CTCGAGTCACCCAACTTGCGCTGAATAAT 29

Primersused in Real time PCR

1 JXERTF NS3(Non- AGA GCGGGGAAA AAGGTCAT 20 Santhosh et al.
structural (2007)

2 JERTR protein3) TTTCACGCTCTTTCTACAGT 20
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3.2 Collection of samples
3.2.1Materialsrequired for Samplecollection

10 ml syringes(18/20 gauge needles), vacutai nerswith anti-coagul ant (Ethylene Di-
amineTetra-acetic Acid, EDTA) for wholeblood and vacutainerswith gel coated for serum,
70% ethanal, cotton and thermocol boxeswith gdl cool packsfor transportation of samplesat
4°C.

3.2.2 Samplecollection

A tota of 854 samples(comprising 426 blood and 426 serum from 426 pigs) were
collected from domestic pigsof (aged above 3 months) from different regions/areasconsidered
endemic for Japanese encephalitisfor the present study. The sampleswere collected during
the period July 2011 to August 2012.

Table3.2: Detailsof pigblood and serum samplescollected during thestudy

Area/Farm fromwhich sasmpleswerecollected  Number of samplescollected

PiggeryfamIVRI, |1zatnagar 30
Gorakhpur area 14
Bdiadidrict 72
Pigdaughter house, Barellly 49
Deonar daughter house, Mumbai 261
Total 426

3.2.3Labélingand transportation of blood samples

Blood and serum sampleswere properly labelled and immediately transferred to the
laboratory under chilled conditionsand stored at -20°Crill further processing.

3.2.4RNA extraction from wholeblood samples

The RNA wasextracted with TRIzol-L Sreagent (Invitrogen, Life Technologies,
California, USA) as per the manufacturer’s protocol. About 750 pl of TRIzol-LS reagent was
mixed with 250 ul of blood sampleand homogeni zed well. Thehomogenatewasincubated for
5 minat room temperatureto permit thelysisof sample. It wasfollowed by addition of 0.2ml
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chloroform and vigorous shaking for 15 sec. The resulting mixture wasincubated at room
temperaurefor 10 min, followed by centrifugation at 12,000 gfor 15 min at 4°C. Thecolourless
upper agueous phasewastransferred to fresh RNAasefree eppendorf tube, towhich 0.5 ml
of 100% isopropanol was added for RNA precipitation. The mixturewasincubated a room
temperaturefor 1 h and centrifuged at 12,000 g for 10 min at 4°C. The supernatant obtained
wasdiscarded and the RNA pellet waswashed with 1 ml ethanol (75%) by centrifugation at
7500 gfor 5 min at 4°C. The ethanol wash was discarded and the RNA pellet wasair dried
for 5-10 min. The RNA pellet wasresuspended in 25 pl of nuclease freewater (NFW) or
RNA storing solution (Ambion, Life Technologies, Cdlifornia, USA), followed by incubation
inwater bath set at 55-60°C for 10-15 min and stored at -20°C till further use.

3.25ReverseTranscriptase-PCR (RT-PCR)

RT-PCR was standardized for detection of JEV using standard JEV RNA (GP78)
extracted from infected Vero cell line. The RT-PCR was standardized for envelope ‘E’ gene
using self designed primers (JEF and JER) listed in Table 3.1.

3.2.6 Extraction of ssSRNA of JEV by Trizol method

The ssRNA of JEV was extracted with TRIzol-LS reagent (Invitrogen, Life
Technologies, California, USA) as per the manufacturer’s protocol. About 750 ul of TRIzol-
L Sreagent was mixed with 250 pl of cell culture suspension and homogenized well. The
homogenate wasincubated for 5 min at room temperatureto permit the completedissociation
of nucleoprotein complex. It wasfollowed by addition of 0.2 ml chloroform and vigorous
shaking for 15 sec. Theresulting mixturewasincubated at room temperaturefor 10 min,
followed by centrifugation at 12,000 g for 15 min at 4°C. Thecol ourless upper aqueous phase
wastransferred to fresh RNAase free eppendorf tude, to which 0.5 ml of 100% isopropanol
was added for RNA precipitation. The mixturewasincubated at room temperaturefor 1 h
and centrifuged at 12,000 g for 10 min at 4°C. The supernatant obtained wasdiscarded and
the RNA pellet waswashed with 1 ml ethanol (75%) by centrifugation at 7500 g for 5min at
4°C. The ethanol wash was discarded and the RNA pellet wasair dried for 5-10 min. The
RNA pellet wasresuspended in 25 pl of nucleasefreewater (NFW) or RNA storing solution
(Ambion, Life Technologies, Cdifornia, USA), followed by incubation inwater bath set at 55-
60°C for 10-15 min and stored at -20°Ctill further use.
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3.2.7 Standar dization of RT-PCR
Step 1: Synthesisof cDNA from ssRNA

The ssRNA was subjected to reverse transcription using specific primerstargeting
Envelopegeneand M-MuULV reversetranscriptaseenzyme. 0.2 ml PCR tubesweretaken on
iceand reaction mixturewas prepared asfollows, 2 ul (20 pmol) of reverseprimer, 4 ul NFW
and 5 ul of ssSRNA. Thetubeswere spun and subjected to 65°C for 10 minand 37°Cfor 2min
inaGradient pam-cycler™ (Corbett Research, Australia).

A master mix of 14 pl/reaction wasprepared by adding 2.5 ul of 5x RT buffer, 1.0 pl
of 0.1 M Dithiothreitol (DTT), 0.2mM dNTPs, 0.5 pl RNAaseinhibitor (40 U/ul), 0.5 ul of
M-MuLV RT (20 U/ul) and 7 ul NFW and dispended in tubes containing RNA and primer.

After brief spin thetubeswereloaded in pal m-cycler with thefollowing conditions.
1. 37°Cfor60min
2. 95°Cfor10min

Step 2: PCR amplification of cDNA

PCRwascarried outinafind volumeof 25 pul withfollowing reegentswith volumeand
cycling conditionsfor amplification of Envel ope gene of Japanese encephalitiswere depicted
intable3.2.

Table 3.3 : PCR reaction mixtureand cycling conditionsfor amplification of Envelope
gene

Reagents Volume Cycling conditions

10x PCR buffer (without MgCl,) 25pl
MgCl2 (25 mM) 20ul Initial denaturation: 94°C for 5min

dNTP(2mM) 25ul Denaturation: 94°C for 45 sec

Forward primer (10pmol/ul)  2.0pl Annealing: 54°C for45sec  p-40cycles
Reverseprimer (10 pmol/ul) 20l Extension: 72°C for 45 sec

Tag DNA polymerase (5 U/ul o.3ul
a POy ( H) H Fina extension: 72°Cfor 5min

cDNA 50l
NFW 8.7}J.| Hold at 4°Cfor5min
Total reaction volume 25ul
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The PCR products were stored at -20°C until further analysis by agarose gel
electrophoresis.

3.2.8 Agarose gel electrophoresis

Agarosegel eectrophoresiswas used to visuaisethedesired product obtained by the
amplification of thessRNA by RT-PCR. Agarosege inthe concentration of 1.5% wasprepared
by mixing Ultrapure™ Agarose(Invitrogen) in 1x TAE buffer (Appendix) and heetedtodissolve
it completely. The molten agarose was cool ed to 50°C and ethidium bromide added (Geni,
Bangalore) toafina concentration of 0.5 ug/ml beforepouringin an evenly levelled gd tray
aready fitted with gel comb having itsteeth 1 mm abovethe base and open ends sedled with
adhesivetape Thegd tray wasleft undisturbed for about 30-40 minto dlow thegd solidification,
after which the comb wastaken out and adhes vetaperemoved. Thegd tray wasthen placed
insubmersiveeectrophoresistank (Geni, Bangd ore) with thewells sidetowardsthe cathode
end and sufficient quantity of electrophoresisbuffer (1x TAE), at least 1 mm abovethegd

aurface.

ThePCR product (10 pl) wasmixed with 6x loading dye (2 ul) (Fermentas, USA) and
loaded intoawell aong with a100 bp DNA marker (Fermentas, USA) intheadjoining lane.
Thedectrophoresiswas performed at 75V for 45 min and the mobility monitored by the
movement of thedye. After sufficient migration, the bands (products) of expected sizewere

observed and photographed using the gel documentation system (UV Products, Jena, Germany).
3.2.9 Detection of JEV in pig blood samplesby RT-PCR

Thestandardized RT-PCR was used for detection of JEV inpig blood samplesasper

theprotocol given above.
3.3gRT-PCR for detection and quantification of JEV

The detection aswell as quantification of JEV load in the pig blood sampleswas
carried out by QuantiFast SY BR Green PCR kit (Quiagen) by following the protocol of
Santhosh et al. (2007) and targeting the NS3 gene with necessary modifications.
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3.3.1Preparation of standard plasmid DNA

The standard plasmid was constructed by inserting the PCR fragment (162 bp)
into aPjet1.2/blunt cloning vector of CloneJET™ PCR Cloning kit (Fermentas) accordingto
manufacturer’s instructions. The RT-PCR was put for the known positive reference JEV
availableintheDivisonof VPH, IVRI, Izatnagar. In order to obtain purified PCR amplicons
for cloning, thefollowing approacheswerefollowed.

3.3.2PCR amplification of NS3 geneof JEV
3.3.3 Standardization of RT-PCR for NS3 gene
Step 1. Synthesis of cDNA from ssRNA

The ssRNA was subjected to reverse transcription using specific primerstargeting
NS3geneand M-MuLV reversetranscriptase enzyme. 0.2 ml PCR tubesweretakenonice
and reaction mixturewas prepared asfollows, 2 pl (20 pmol) of reverseprimer (JERTR), 4 ul
NFW and 5 ul of ssRNA. Thetubeswere spun and subjected to 65°C for 10 min and 37°C
for 2mininaGradient palm-cycler™ (Corbett Research, Australia). A master mix of 14 pl/
reactionwasprepared by adding 2.5 ul of 5x RT buffer, 1.0 ul of 0.1 M Dithiothreitol (DTT),
0.2MmdNTPs, 0.5 ul RNAaseinhibitor (40U/ul), 0.5 ul of M-MuLV RT (20 U/ul) and 7 pl
NFW and dispended in tubes containing RNA and primer.

After brief spin thetubeswereloaded in palm-cycler with thefollowing conditions.

1. 37°Cfor60min
2. 95°Cfor10min

Step 2: PCR amplification of cDNA

PCRwascarried outinafind volumeof 25 ul withfollowing reegentswith volumeand
cycling conditionsfor amplification of NS3 gene of Japanese encephalitisviruswere depicted
intable3.3.
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Table3.4: PCR reaction mixtureand cycling conditionsfor amplification of NS3 gene

Reagents Volume Cyclingconditions

10x PCR buffer 25l Initia denaturation: 94°Cfor 5min

MgCI2 (25 mM) 20ul Denaturation: 94°C for 45

dNTP (2mM) 25u1  Anneding: 54.5°Cfor 45 sec }40 cycles
Forward primer(JERTF) (10pmol) 2.0pl  Extension: 72°Cfor 45 sec

Reverseprimer (JERTR) (10pmol) 20pl  Fina extension: 72°Cfor Smin
Tag DNA polymerase (5 U/jl) 03ul  Holdat4°Cfor5min

cDNA 5.0ul
NFW 8.7ul
Total reaction volume 25ul

The PCR products were stored at -20°C until further analysis by agarose gel
electrophoresis.

3.3.4 Agarose gel electrophoresis

Agarosegel eectrophoresiswas used to visuaisethedesired product obtained by the
amplification of thessRNA by RT-PCR. Agarosegd inthe concentration of 1.5%wasprepared
by mixing Ultrapure™ Agarose (Invitrogen) in 1x TAE buffer (Appendix) and heetedtodissolve
it completely. The molten agarose was cooled to 50°C and added with ethidium bromide
(Geni, Banga ore) toafina concentration of 0.5ug/ml beforepouringinanevenly levelled gel
tray already fitted with gel comb having itsteeth 1 mm above the base and open endsare
sedled with adhesivetape. Thegel tray wasleft undisturbed for about 30-40 minto alow the
gel solidification, after which thecomb wastaken out and adhesivetaperemoved. Thegd tray
wasthen placed in submersive electrophoresistank (Geni, Bangal ore) with thewellsside
towardsthe cathode end and sufficient quantity of electrophoresisbuffer (1x TAE), at least 1
mm abovethege surface.

ThePCR product (10 ul) was mixed with 6x loading dye (2 ul) and loaded into awell
aongwithal100 bp DNA marker (Fermentas, USA) intheadjoining lane. Theeectrophoresis
wasperformed at 75V for 45 min and the mobility monitored by the movement of the dye.
After sufficient migration, the bands (products) of expected size were observed and

photographed using thegel documentation system (UV Products, Jena, Germany).
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3.3.5Elution of PCR ampliconsfrom agar ose gel

Gel extraction of the PCR product was done using GeneJET gel extraction kit

(Fermentas, USA) as per the manufacturer’s instructions;

1.

3.36

Theamplified PCR productswererun on 1% agarose gel andthegel dicecontaining
the DNA fragment excised using aclean scalpel.

The gd wasplaced in aclean microcentrifugetube and weighed.

Binding buffer 1:1 (w/v) volumewasadded tothegdl diceand incubated inwater bath
at 50-60°Cfor 10 minor until thegel dlicecompletely dissolved.

A volume of 800 pul of the solubalized gel solution wastransferred to the GeneJET
purification column and centrifuged at 10,000 rpmfor 1 min. Theflow wasdiscarded
and column placed back into the same collection tubes.

Wash buffer (diluted with ethanol) 700 pl was added to the GeneJET purification
columnand centrifuged for 1 min. Theflow through was discarded and column placed
back into the same collection tube.

Theempty GeneJET purification column wasthen centrifuged for an additiona 1 min
to completely removetheresidua wash buffer.

TheGeneJET purification columnwasthentransferred toacd ean 1.5ml microcentrifuge
tube and 50 pl of elution buffer was added to the center of the purification column
membrane.

The column was centrifuged for 1 min and the purified DNA stored at -20°C.
Ligation of PCR product into plasmid vector

The PCR productswereligated with desired vector as per thefollowing reaction;

Table 3.5: Ligation reaction of PCR product with cloning vector

Component Volume
2 x Reaction buffer 10ul
PCR product 2l
Fet1.2/blunt cloning vector (50 ng/ pl) 1l
NFW 6l
TADNA Ligase 1l
Totd reactionvolume 20p
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Thetota volumewas made upto 20 pul by NFW and vortexed briefly and centrifuged

for 3-5 sec. Incubatetheligation mixtureat room temperature 22°C for 5min.
3.3.7 Preparation of E.coli Top10competent cells

1. TheE.coli ToplO0 cells, from frozen stock, wereinoculated into 5 ml of LB broth
without ampicillin and incubated overnight at 37°C in shaker incubator at 180 rpm.

2. Theovernight grown culture (1/10") wasinocul ated into 5ml of LB broth and incubated
for 2-4 hat 37°Cin shaker incubator at 180 rpm.

3. About 1.5 ml of the culture was transferred to sterile microcentrifuge tubes and
centrifuged at 12,000 rpmfor 10 minat 4°C.

4, The supernatant was di scarded, the microcentrifuge tubeskept oniceand 1 ml of 0.1
M CaCl, added with prechilled microtips. The pellet wasgently resuspendedin CaCl,
and centrifuged at 10,000 rpm for 10 min. The supernatant wasdiscarded and 100 pl
of 0.1 M CaCl, added with prechilled microtips. The tubeswere then incubated on

icefor 1 h beforetransformation.
3.3.8 Transfor mation of competent cells

5 pl of ligated product was added to competent cellsand incubated onicefor 1 h
followed by heat shock at 42°C for 90 sec and again incubation onicefor 10 min. Thecells
werethen plated on LB platescontainingampicillin @ 100 pg/ml and incubated overnight at

37°C. Thecoloniesobtained were screened for the presence of recombinant plasmid.
3.3.9 Screening of recombinant clones

The coloniesobtained onthe LB ampicillin plateswere screened for presence of insert
by thefollowing methods;
1. Amplification of insert by colony PCR
2. Release of inset by RE digestion of the recombinant plasmid

3.4 Amplification of insert by colony PCR
Extraction of DNA by snap chill method

Two tothreecoloniesobtained on LB platesafter overnight incubation wereinocul ated
in5ml of LB broth containing ampicillin (100 ug/ml) and incubated a 37°C for 4 h. Nearly
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500 pl of the culturewastakenin 2 ml centrifuge tubesand centrifuged at 10,000 rpm for 5
min. The supernatant was discarded and cell pellet wasthen dissolvedin 25 pl of NFW and
boiled for 10 min. It wasthen kept onicefor 5 minand centrifuged at 10,000 rpm for 5min.
The suspension wasthen used astemplatefor setting up the PCR reaction asshown below in
Table3.4.

3.4.1Colony PCR for screening of recombinant plasmid

Table3.6: PCR reaction mixturefor amplification of insert (NS3)

Component Volume
10x PCR buffer 25ul
MgCl, (25mM) 15ul
Forward primer (10 pmol/ul) 104
Reverseprimer (10 pmol/ul) 10
dNTPs(2mM) 25ul
Template DNA 20l
NFW 145l
Total volume 25.0ul

Thereaction mix wasset up inathermocycler asper the conditionsdescribed previoudy
in Table 3.4. The amplified product was run on 1% agarose and visualised using the Gel
documentation system.

3.4.2 Restriction enzymedigestion for releaseof insert

3.4.2.1 Extraction of vector plasmid DNA by alkalinelysismethod

Theplasmid DNA isolationwasdoneby conventiond akalinemethod asper Sambrook
and Russdll (2001). Overnight grown culture (5 ml) wastransferred to microcentrifugetube
and and centrifuged at 10,000 rpm for 2 min. The supernatant was thoroughly decanted,
added 200 pl of resuspension buffer (Pl) containing 100 pg/ml RNAse A and pellet was
resuspended by vortexing the centrifuge tube. A volume of 200 ul of lysisbuffer (PIl) was
added to thetube and mixed well. A volumeof 200 pl of icecold neutrdization buffer (PI11)
was added and mixed by inverting thetubefor 5-6 timesand incubated over icefor 20 min.

The contents were centrifuged at 13,000 rpm for 20 min to pellet the precipitated DNA,
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protein and RNA. The supernatant from the above step was transferred to a fresh
microcentrifuge tube. To the agueous phase, equal volume of isopropanol was added and
kept for 20 min at room temperature. Plasmid pellet was obtained by centrifuging thetube
contentsat 13,000 rpm for 20 min. After decanting carefully decanting ethanol and dissolved
inNFW. Plasmid wasvisuaized on 1% agarose gel and stored at -20°C till further use.

3.4.2.3Restriction enzymedigestion for release of insert

Restriction enzymedigestion was set up using Xhol and Ncol and thereactionmix (as
per Table) wasincubated at 37°Cfor 3 h. Thereleasedinsert of thedesired szewasvisualised
by running on 1% agarose gel.

Table3.7: RE digestion for insert releasefrom recombinant plasmids

Component Volume
10x Tango buffer 3ul
Xhol (10 U/ ul) 1l
Ncol (10U/ ul) 1l
Pasmid 10ul
Total volume 15 pl

3.4.5 Standar dization of Real time PCR with SY BR Green master mix

The Quantitativerea time RT-PCR wascarried out by standard curve method using
QuantiFast SYBR Green PCR Kit (400) (Quiagen). Reaction was performed in Mx3000P
Red -time PCR system (Stratagene, USA) operated with MxPro™ QPCR software.

Synthesis of cDNA from ssRNA of reference JEV

The ssRNA was subjected to reverse transcription using specific primerstargeting
NS3 geneand M-MuLV reversetranscriptase enzyme. 0.2 ml PCR tubesweretakenonice
and reaction mixturewas prepared asfollows, 2 pl (20 pmol) of reverseprimer (JERTR), 4 ul
NFW and 5 ul of ssRNA wereadded. Thetubeswere spun and subjected to 65°C for 10 min
and 37°C for 2 minin athemocycler (Corbett, Austraia).
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A master mix of 14 pl/reactionwas prepared by adding 2.5 pl of 5x RT buffer,
1.0l of 0.1 M Dithiothreitol (DTT), 0.2 MmdNTPs, 0.5 ul RNAaseinhibitor (40U/ul), 0.5
pl of M-MuLV RT (20 U/ul) and 7 ul NFW and dispended in tubes containing RNA and

primer.
After brief spinthetubeswereloaded inthermocycler with thefollowing conditions:

1. 37°Cfor 60 min
2. 95°Cfor 10 min

Thereal time PCR reaction wasrunin duplicates, eachin atotal volumeof 25 pl,

comprising of thefollowing components:

Table3.8: Real-timePCR reaction mixturefor amplification of NS3 gene

Component Volume
1)  2xQuantiFast SYBR Green PCR master mix 125l
2)  Forward primer JERTF (5 pM/pl) 0.6l
3) Reverseprimer JERTR (5 pM/ul) o6ul
4)  Nucleasefreewater 10.3 pl
5 c-DNA 1

Total volume 25ul

Nuclease-freefilter tipswere used for taking theindividua reaction componentsand
preparation of reaction mixture. Careful pipetting wasdonewithout creating bubblesto avoid
interferencein reading of fluorescence by theinstrument. After adding the above components,
the stripswerebriefly spun and | oaded on to the thermocycler.

Thethermal profilefor JEV comprised of three segments. Segment-1 comprised of
initial denaturation at 95°C for 5 minfollowed by Segment-2 consisting of 40 repetitivecycles
of denaturation at 95°C for 10 sec, annealing at 55°C for 15 sec and extension at 72°Cfor 15
sec each. Dissociation curve analysis was performed in segment-3 which comprised of a
singlecycleof denaturation at 95°C for 1 minute, partial renaturation to 55°C for 15 secand

denaturation again at 95°C for 30 sec. For generation of amplification plots, fluorescence
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value (dR) was collected at second plateau (annealing phase) and to confirm fidelity of
amplification, dissociation curve analysiswas performed at theend of therun. After the Real -
time PCR was compl eted, the amplicons of each samplewere runin 2% agarose gel and

visudizedonaUV translluminator.
3.4.6 Deter mination of initial copy number

In order to get PCR efficiency and dopeval ue, astandard curve method wasemployed
using SY BR Green chemistry. Theconcentration of thestandard lineari zed plasmid containing
the 162 bp insert of NS3 gene of JEV was measured by Nanodrop (USA) and converted to
genome copy numbers by using the molecular weight of DNA to construct standard curve.
The concentration of the standard plasmid was measured as 3044 ng/pl. The genome copy

number per micolitrewas caculated usingtheformula,

Mass of DNA in grams/ul X Avogadro’s number
Copy number =
Template length X Average molecular weight of abase

Avogadro’s number =6.023 x 10%
Averagemolecular weight of abase= 660 g/ml
Mass of DNA =3044 x 10°g
Templatelength =3136 bp

Thus, by using the above eguation the initia copy number was determined as
8.858X 10" copiesper microlitre. The plasmid DNA copies (10°) worked out in the known
concentration of standard plasmid (3044 ng/ul) werethen serially diluted tenfold to get copy
numbersranging from 10° to 10*. Thestandard curvein termsof regression line equationwas
drawn by plotting the known 1og copy number inthedilutionsagainst thethreshold va ues (Ct).
The PCR efficiency and 9 ope were determined as per the default setting of theinstrument.

3.4.7 Detection and quantification of JEV in blood samplesof pigs

Thestandardized qRT-PCR was used for detection of aswell asquantification of JE
virusin pig blood samples. The genome copy numbers per micoliter of the sampleswere
estimated based on the regression line equation of standard curve, by using thefollowing
formula;

Log10 copy number = Ct (Threshold cycle) —y intercept/slope (Adams, 2006)
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3.5 Indirect-Enzyme linked immunosor bent assay (I-ELISA)

Wholevira antigen based indirect ELISA which wasdevel oped and standardized by
Rawat (2013) was used in the present study for screening of JE in pig serum samples. Briefly,
ELISA plates(Maxisorp, Nunc, Denmark) were coated with 50 il /well of coating buffer (pH
9.6), containing JEV antigen (4 ug/ml) and incubated at 4°C overnight. The coated plates
were washed three times with PBS-T (0.05% Tween 20) manually to remove excess
unabsorbed antigen. The unblocked sites were blocked with 250 pl of 5% skimmed milk
powder (SMP) (Gibco) in PBST andincubated for 2 hat 37°C. After incubation, plateswere
washed threetimesand 50 pl of (1:400) of JEV positive and negative serain blocking buffer
were added to the plate. It wasincubated at 37°C for 1 h and then plate was washed three
timeswith PBST. Goat anti-pig horseradish peroxidise (HRPO) conjugatewasdiluted 1:10,000
inblocking buffer and 50 pl added to each well, followed by incubation for 1 hat 37°C. The
plate waswashed three times again and freshly prepared substrate solution (10 ml citrate
buffer, 10 mg OPD, 8 pl H,O,, pH 4.5) 100 pl added to each well in dark. Colour was
adlowedtodevelop for 5-15 minand reaction stopped with2 N H,SO, (50 l). Theabsorbance
wasmeasured a 492 nm using ELISA reader (Microscan M S5605A, Electronics Corporation
of IndiaLtd.). Serum samplesshowing aP/N ratio of > 2 were considered positivefor the
standardized ELISA. Theantigen concentration was standardized at 1:100. Theprimary and
secondary antibody dilutionswere standardized at 1:400 and 1:10,000, respectively.

3.6Virusisolation

Attemptsweremadeto isolatethe JEV from RT-PCR positive blood samplesof pigs
as per standard methods of OIE (2004) and Gould and Clegg (1991). Thevirusisolationwas
carried out using monolayersof Vero cdl line. Thediquotsof 100 pl of filtered (0.22 ) blood
samplesmixed with 400 pl minimum essential medium containing 2% fetal bovineserumand
antibiotics (100 pg/ml streptomycin and 100 U/ml penicillin) and this mixturewas used to
inoculatetheVerocdl line. Theflaskswereincubated in Co, incubator at 37°C for 1 hwith
dight rotating theflasksevery 10 min of incubation. After 1 h of incubation theinoculumswas
decanted carefully and 5 ml of fresh mai ntenance medium was added to theflasksand were
incubated at 37°C for 3-4 days.
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Theflaskswere observed daily under inverted microscope after 48 h post infection
for cytopathic effect (CPE). After three subsequent passagesin cell line, the monolayer was
observed for any cytopathi c effect.

3.7 Cloning and sequencing of JEV positiveamplicons

cDNA of two redl-time PCR positive sampleswereamplified using primerstargeting
NS3 gene, purified and cloned usng PGEMT vector asper the protocolsmentioned earlier.
The positive clones were sequenced by outsourcing it to M/s. Chromous Biotech Pvt.Ltd.,

Bangaore.
3.7.1 Sequence Analysis

The consensus sequenceswere prepared using SegBuilder (DNASTAR, Lasergene).
The pair wise nucleotide sequence homol ogy was determined with previously published
sequences of different JEV collected from NCBI and per cent identity was determined by
CLUSTAL W of MegAlign (Lasergene DNA Star) software. Based on thededuced nuclectide
sequences, phylogenetic dendrograms for GKP1_India IVRI_VPH and
GKP2_India_IVRI_VPH were analyzed with other previously reported sequences from

different countries.

25 S S
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RESULTS

Inthe present study, atotal 852 samples (comprising 426 blood and 426 serum from

426 pigs) were collected from domestic pigsfrom variousregionsof Uttar Pradesh (Barellly,
Gorakhpur, Balia) and Deonar Slaughter House, Mumbai, Maharashtra.

4.1 Prevalence of JEV by RT-PCR
4.1.1 Standardization of RT-PCR

RT-PCR was standardized for detection of JEV using standard JEV RNA extracted
from GP78 infected Vero cell line. The RT-PCR was standardized for envelope ‘E’ gene
using self designed primers and this gene segment yielded expected product size of 474 bp
(Fig.4.2).

Out of 426 pig blood samples, 17 (3.99%) werepositivefor JEV RNA, asthecDNA
from these sampleswhen amplified by PCR reveal ed the expected product of 474 bp (Fig.
4.2 & 4.3).

Withtheavailable datawhen analyzed further indi cated that, samplesfrom Uttar Pradesh
only showed positivity by RT-PCRi.e., out of 165 pig blood samples 17 (10.30%) were
positivefor JEV RNA. Theresultsof RT-PCR are presented intable 4.2.

4.2 Standardization of RT-PCR for NS3 gene

RT-PCR was standardized for detection of JEV using standard JEV RNA extracted
frominfected Vero cell line. The RT-PCR was standardized for NS3 gene using primers
(JERTF and JERTR) and this gene segment yiel ded expected product size of 162 bp (Fig.
4.4).



Results...

4.2.1 Detection and quantification of JEV by Real timePCR

Thedetection aswell asquantification of Japanese encephalitisviral loadinthepig
blood sampleswas carried out by Quantitative Real -time PCR assay by using the primers
against theNS3 geneof JEV, withamplification product of 162 bpinlength.

4.2.2 Preparation of standard plasmid DNA

Thepurified PCR product of 162 bp was successfully clonedin Fjet1.2/blunt cloning
vector for the construction of standard plasmid DNA and confirmed by therel ease of insert

from the plasmidsafter digestion with Xhol and Ncol restriction enzymes(Fig. 4.5).
4.2.3 Standar dization of theassay

Thestandardized gqRT-PCR assay for JEV with employing primersagainst the NS3
geneadlowed the amplification of a162 bp product. Theabsence of any primer-dimer inthe
agaorsegel indicated that thefluorescencefromintercaated SY BR Green dyewasobtained
from the specific amplified product. Theamplification plotsand dissociation curvesfromthe
plasmid DNA served asabasefor detecting JEV and its quantification (copy number) inthe
pig blood samples. To check the assay specificity, melting point anaysiswas performed. The
Tmvauewasrecorded as83.7°C after completion of thedissociation (melting) curve (Fig.
4.10).

4.2 41nter pretation of copy number

To quantify the copy numbers contained in the samples, astandard curve was
prepared with 10fold seria dilutionsof plasmid DNA (concentration, 3044 ng/ul) containing
the target gene. On plotting the known plasmid DNA copy numbersin serial tenfold
dilutions (10% to 10?copies) against the corresponding average “Ct’ (threshold cycle)
valuesi.e., 8.8,11.96, 15.39, 19.25, 21.79, 25.55, 28.78, 31.26 and 33.29 respectively,
astandard curve was obtained that served asabasi sfor estimating the number of genome
copiesof JEV inthe positive blood samplesof pigs(Fig. 4.6,4.7,4.8,4.9& 4.10). Linear
regression of the *Ct’ values and the quantity of plasmid DNA revealed a good linearity
(r2=10.995, slope = -3.149 and efficiency=107.8%).
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500bp

Fig.4.1: Sandardization of RT-PCR using JEV strain GP-78
LaneM : 100bp DNA ladder
Lanel : Pogtivecontrol

474bp

Fig.4.2: RT-PCR based detection of JEV in Pig blood samples
LaneM :100bp DNA ladder
Lanel :Pogtivecontrol
Lane2-5 :JEV Postvesamples



500 bp 474bp

Fig. 4.3: RT-PCR based detection of JEV in Pig blood samples
LaneM : 100 bp DNA ladder
Lanel - Pogitive control
Lane5,9-10 :JEV Postvesamples



500 bp

e 162 bp

Fig.4.4: Sandardization of RT-PCR for detection of JEV by tar geting NS3 gene
LaneM : 100 bp DNA ladder
Lanel : Postivecontrol (162 bp)

2974 bp

162 bp

Fig.4.5: Reeaseof insert from CloneJET™ vector after RE digestion
LaneM : 1kbplusDNA ladder
Lanel-3 :Plasmidwithinsert (162 bp)



Fig.4.6: Detection as well as quantification of JEV in pig blood
samplesbased on theampilification plotsgenerated by qRT-
PCR

CHig)
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Fig.4.7. Sandard curvein gRT-PCR generated by plotting ten fold
dilutions of standard plasmid DNA against the
corresponding'Ct' values



Fig. 4.8: Amplification plotsgenerated by gRT-PCR
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Fig.4.9: Thermal profileof gRT-PCR
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Fig.4.10: Detection of JE virusin pig blood samplesby qRT-PCR based
on thedissociation curvesplotted with MxProTM QPCR

162bp

Fig.4.11: Agarosegel showingthepositiveqRT-PCR
samples
LaneM :100bpDNA ladder
Lanel :Postivecontrol (162 bp)
Lane2-6 :podtivefor JEV



Results...

4.2.5 Detection and quantification of JEV in pig blood samples

A total of 426 pig blood sampleswere screened by gRT-PCR assay. The JE viral
load in terms of copy numbers per microlitre of the sample was cal cul ated based on the
extrapolation of the “‘Ct’ (Threshold cycle) values of the samples against the standard curve
(Fig. 4.6 & 4.7). JEV wasdetected and quantified in 18 (4.22%) of pigblood samples(Table
4.1). Thevira load wasin therange of 4.243 x 10° to 2.53 x 10?copy numbers. Thered-time
PCR assay could detect thevirusin al the 17 blood sampleswhich wereearlier detected as
positive by RT-PCR. The real-time PCR positive samples were run on agarose gel for
confirmation of expected product sizeof 162 bp (Fig. 4.11).

Table4.1: Quantification of JE viral load in pig blood samples

S. SampleNo. RT-PCR gRT-PCR Real-time PCR
No. ‘Ct’ value Copy number
1 11GS - + 29 2.53x10?
2 49 + + 18 9.951x107
3 50 + + 22 8.51x10°
4 M + + 13.84 2.243x10°
5 7G + + 26 5.14x10°
6 Q + + 21 6.31x10°
7 56 + + 16 3.74x10°
8 3G + + 26 5.43x10*
9 55 + + 28 5.8x10?
10 27 + + 25 4.32x10°
11 10SG + + 13.34 4.243x10°
12 8G + + 15 4.301x108
13 4G + + 25 7.34x10°
14 21 + + 18.48 9.951x107
15 G + + 16 6.102x108
16 14SG + + 24 4.81x10
17 19SG + + 14.71 1.569x10°
18 13S + + 17 9.25x108
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Results...

4.3 Isolation of Japanese Encephalitis Virus

Two pig blood samples(positive by both RT-PCR and Red-time PCR) were subjected
forisolation of JEV using Vero cell line. The JE virus could not beisolated from any of the

sample.
4.4 Seroprevalence of JE in pigs by indirect ELISA

Thestandardized whole JE viral antigen based indirect ELISA wasused to study the
seroprevalence of Japanese encephalitisin pigs. A total of 426 serum samplesthat were
screened by IgG targeted ELISA, revealed 101 (23.7%) samplesaspostivefor IgG antibodies
against JEinpigs(Fig. 4.12 & 4.13). Of the 165 serasamples collected from Piggery farm,
IVRI, pork retail markets of Bareilly, Gorakhpur and Baliadistricts of Uttar Pradesh, 48
(29.09%) samplesfound positivefor JE antibodies. Out of 261 samplescollected from Deonar
daughter house, Mumbai, 53 (20.30%) samplesfound positivefor JE (Table4.2).

Table4.2: Prevalenceof JEV by RT-PCR, Real timePCR and 1gG ELISA in pigs

S. SampleNo. RT-PCR Real-time PCR IgGELISA
No.

Samplescollected from Bar ellly, Gorakhpur and Baliadistrictsof Uttar Pradesh

1 424 - - +
2 3 - - +
3 719 1 - - +
4 16/103 - - +
5 A - - +
6 10/103 - - +
7 20/102 - - +
8 S5 - - +
9 25/811 - - +
10 10/102 - - +
11 16/104 - - +
12 29/91 - - +
13 383 - - +
14 23/102 - - +
15 26/81 - - +
16 6/9 1 - - +
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Fig. 4.12 & 4.13:Detection of 1gG against JEV in pigsby wholevirusantigen based
ELISA



Table4.2: Contd...

Results...

S. SampleNo. RT-PCR Real-time PCR IgGELISA
No.

17 5/9 - - +
18 S2 - - +
19 19/1011 - - +
20 20/101 - - +
21 17/101 - - +
22 24/101 - - +
23 23/105 - - +
24 23/101 - - +
25 16/102 - - +
26 18/10 - - +
27 23/104 - - +
28 11/10 - - +
29 11GS - + -
30 49 + + -
31 20 - - +
32 69 - - +
33 50 + + -
34 F - - +
35 48 - - +
36 M + + -
37 53 - - +
38 7G* + + +
39 Q + + -
40 56 + + -
41 1G - - +
42 5G - - -
43 47 - - +
44 10/102 - - +
45 3G* + + +
46 32 - - +
47 1 - - +
48 59 - - +
49 2 - - +
50 19/10 1 - - +
51 55 + + -
52 27 + + -
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Results...

S. SampleNo. RT-PCR Real-time PCR IgGELISA
No.

53 19 - - +
54 10SG + + -
55 8G + + -
56 16/104 - - +
57 4G* + + +
58 21 + + -
59 19/10 - - +
60 G + + -
61 14SG* + + +
62 9SG + + -
63 13S + + -
Samplesfrom Deonar daughter house, Mumbai

64 M 59 - - +
65 M9I1 - - +
66 M40 - - +
67 M61 - - +
68 M73 - - +
69 M57 - - +
70 M111 - - +
71 M114 - - +
72 M70 - - +
73 M72 - - +
74 M93 - - +
75 M14 - - +
76 M3 - - +
77 M90 - - +
78 M45 - - +
79 M9 - - +
80 M166 - - +
81 M221 - - +
82 M262 - - +
83 M180 - - +
84 M254 - - +
85 M156 - - +
86 M259 - - +
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Results...

Table4.2: Contd...

S. SampleNo. RT-PCR Real-time PCR IgGELISA
No.

87 M236 - - +

88 M242 - - +

89 M261 - - +

90 M154 - - +

91 M224 - - +

92 M74 - - +

93 M232 - - +

94 M215 - - +

95 M228 - - +

96 M219 - - +

97 M216 - - +

98 M264 - - +

99 M159 - - +

100 M195 - - +

101 M158 - - +

102 M151 - - +

103 M62 - - +

104 M54 - - +

105 M89 - - +

106 M7 - - +

107 M53 - - +

108 M8 - - +

109 M85 - - +

110 M239 - - +

111 M247 - - +

112 M60 - - +

113 M68 - - +

114 M170 - - +

115 M71 - - +

116 M64 - - +
Total positive 17(3.99%) Blood 18(4.22%)Blood 101 (23.7%)
(% prevalence) samplesfound samplesfound  of Serum samples
(n=426) positive by positiveby found positive

RT-PCR Real timePCR by |gG ELISA

(SampleNo. 7G*, 3G*, 4G* and 14SG* from Gorakhpur region tested positive by all the
threetests).
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4.5 Areawiseprevalenceof JE by RT-PCR, Real-timePCR and |-EL1SA

Out of 30 samplescollected and screened from piggery farm, IVRI, |zatnagar reveded
seropositivity of 6.66% by I-ELISA, whereas none of the samplewasfound positive by RT-
PCR and Redl-time PCR. The preva enceratewasfound to be higher in samplesof Gorakhpur
areai.e, 64.28% (RT-PCR), 71.42% (Rea-time PCR) and 35.71% (I-ELISA). In Balia
district, the prevalencerate by various testswas 11.11% (RT-PCR), 11.11% (Real-time
PCR) and 16.66% (I-ELISA). A seroprevaence of 59.18% (I-ELISA) was observed in
samplescollected from pig daughter house, Barellly. Out of 261 samplescollected from Deonar
daughter house, Mumbai, 53 (20.30%) samplesfound positivefor JEby I-ELISA. Thearea
wiseprevaenceof JE by RT-PCR, Redl-timePCR and |-ELISA weredepicted inthetable4.3.

Table4.3: Areawise prevalenceof JE by RT-PCR, Real-time PCR and |-EL1SA

Area/Farm Total Positive by Positive by Positive by
samples RT-PCR Real-time PCR [-ELISA
screened

PiggeryfamIVRI, 30 - - 2 (6.66%)

|zatnagar

Gorakhpur area 14 9 (64.28%) 10 (71.42%) 05(35.71%)

Bdiadigtrict 72 8(11.11%) 8(11.11%) 12 (16.66%)

Pigdaughter house, 49 - - 29 (59.18%)

Badlly

Deonar daughter house, 261 - - 53 (20.30%)

Mumba

Prevalence (% 426 17 18 101

positivity) (3.99%) (4.22%) (23.7%)

(n=426)

4.6 Comparison between prevalence of JEV by RT-PCR, Real-time
PCR and Indirect ELISA

Inthepresent study, RT-PCR could detect JEV inatotal of 17 (3.99%) of thesamples.
But application of Real-time PCR for screening of pig blood samplesreveaed 18 (4.22%)

samplesas positive. With Real-time PCR assay 1 samplefound positivewhich wasearlier
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Fig.4.17: Nucleotide percent identities of NS3 gene sequence of
GKP1_India_ IVRI_VPH and GKP2_India_IVRI_VPH with
reported sequencesof JEV
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found negative by RT-PCR and thisisthefirst report of application of Rea-time PCR for
screening of pig blood samplesfor JEV. Whileapplication of I-ELISA for screening of pig
serasamplesrevealed 23.7% seropositivity (Fig. 4.14 & 4.15). Only 4 (SampleNo. 7G*,
3G*, 4G* and 14SG*) sampleswhich were collected from Gorakhpur district werefound
positiveby all thethreetestsViz, RT-PCR, Redl-time PCR and I-ELISA (Table4.2).

4.7 Phylogenetic analysis of NS3 gene sequences

The NS3 gene sequences of the selected JEV positive cloneswere sequenced by out
sourcing to Chromous Biotech Ltd, Bangal ore. The NS3 gene nucl eoti de sequence homol ogy
wasdetermined with previoudy reported sequencesand per cent i dentity matrix wasdetermined
by CLUSTAL W of MegAlign (Lasergene DNA Star) software. Based on the deduced
nucl eoti de sequences, phyl ogenetic dendrograms and nucleotide percent identity (Fig. 4.17)
for GKP1_India IVRI_VPH and GKP2_India IVRI_VPH were analyzed with other
previously reported sequencesof different countries(Fig. 4.16).

TheGKPL1 _India IVRI_VPH and GKP2_India_IVRI_VPH exhibited maximum
nucl eotide sequenceidentity of 100% with Japan JEV strain JaOArs982 (M 18370), 98.8%
similarity with mosquitoisolate of JEV from China(JN 864064) and SA 14-14-2 strain of
China(KC517497). It exhibited 98.1% similarity with pigisolate of China(JQ086763), 97.5%
with Culex mosguitoisolatefrom China(JF706272) and human isolatefrom China(JF706275).
A 96.9% identity with JEV isolate of Culex mosquito from Taiwan (HQ25658) and Swine
brainisolate(KC915016). Smilarly, 98.1%identity with humanisol atefrom Jgpan (AB269326)
and 96.6% with South Korean strain K87P39 (AY 585242). It shared about 95.7% identity
with humanisolateof JEV from West Bengal, India(JX 050179 and JX072965).

S s S
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DISCUSSION

Japanese encephalitis (JE) isavector-borneviral diseasethat occursin South Asia,
Southeast Asa, East Asa, and the Pacific (Solomon, 2006). Japaneseencephditisvirus (JEV)
iIsamajor causeof viral encephalitisin Southeast Asia; >50,000 casesare reported annually
(Mackenzieet al., 2007). Thevirusexistsinazoonotic transmission cycl eamong mosquitoes,
pigs, bats, and water birdsbelonging to thefamily Ardeidae (cattle egretsand pond herons).
Humans becomeinfected when bitten by aninfected mosquito and areadead-end host because
of low viremia, preventing thevirusfrom being transmitted further (Solomon, 2004). Rapid
globaization, popul ation explosion, changesin globa climatic condition, industridizationand
deforestation, all seemto correlate with the spread of thevirusinto newer territories. Today,
with approximatdy threebillion peoplelivingin the JE endemic region, there are estimated
35,000-50,000 cases and 10,000-15,000 deaths annually, thereby making JE one of the
most dreaded vector-borneviral encephditisintheworld (Tsai, 2000). Itisprimarily adisease
of children (5-15 years) with neurol ogical sequeleand desth. It causesacute encephalitiswith
fatality rates ranging from 20% to as high as 50% (Burke and Leake, 1988; Vaughn and
Hoke, 1992). In 1978, cases were reported from 21 states and union territories, and from
then onwardstill 2007 there have been 103,389 reported cases of JE in Indiathat hasled to
33,729 deaths (Dhillon and Raina, 2008). A pproximately 597,542,000 peopleinIndialive
under the JE-endemic regions and there are 1500—4000 reported cases every year (Kabilan
et al., 2004a). These figures are based on total reported cases and it is quite possible that
several cases may go unreported and hencethe actual magnitude of thethreat of JE may be
considerably higher bothintheIndiaaswell asthegloba context.
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Thelaboratory diagnosisroutingy used for JEV infection isbased onfour basic types
of assays; serology, virus isolation, immunocytochemistry, and molecular techniques.
Serologicdly, JEV infection can be detected by immunoglobulin M (IgM) and 1gG capture
enzyme-linked immunosorbent assay (ELISA) (Burkeet al., 1982; Endy and Nisaak, 2002;
Solomon et al., 1998). Virusisolation from clinical and surveillance sampleshasgeneraly
been unsuccessful, owingto thelow level of transient viremiaassociated with the disease
process, and a so requiresviablevirusin samples. Oneof therecent advancesin thediagnostics
istheuse of molecular techniques such as polymerase chain reaction (PCR), Real-time PCR,
reversetranscriptaseloop-mediated isothermal amplification (RT-LAMP) etc. Thereverse
transcri ption polymerase chain reaction (RT-PCR) and Red -time RT-PCR hasbeen reported
by several workersfor quick and sensitive detection of JEV RNA from clinical samples of
human and animals (Shirato et al., 2003; Yang et al., 2005; Paridaet al., 2006a; Sapkal et
al., 2007; Santhosh et al., 2007; Saxenaet al., 2009).

Japanese encephalitis (JE) is caused by the Japanese encephdlitisvirus (JEV). Itisa
magor public health problemin Asa Swineisavird amplifier, andthusplaysacritica rolein
JEV transmissionto human beings. Thus, devel opment of argpid method for early JEV detection
inswineisrequired, asastep to control viral spread. InIndia, limited work hasbeen carried
out on prevalenceof JEin pigs, especially application of molecular techniquesviz, RT-PCR
and Redl-time PCR in determining the prevalence of JEV inpigs. By keeping theabovefacts
inview, thereisan urgent need to know the preva ence of Japanese encephalitisin caseof pigs
inendemicregionsof India. Therefore, the present study wasundertakento sandardizereverse
transcriptase-PCR (RT-PCR) and Red-time RT-PCR assay for therapid detection of Japanese
encephalitis in pigs; to study the prevalence of JEV in pigs by Indirect enzyme linked
immunosorbent assay, RT-PCR and Real-time PCR assays.

5.1 Standardization of RT-PCR

TheRT-PCR standardized for detection of JEV using standard JEV RNA extracted
from GP78 infected Vero cell line. The RT-PCR was standardized for envelope ‘E’ gene
using self designed primers and this gene segment yiel ded expected product size of 474 bp.
Out of 426 pig blood samples, 17 (3.99%) were positivefor JEV RNA, asthe cDNA from
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these sampleswhen amplified by PCR reveal ed the expected product of 474 bp. With the
available datawhen theresultswere analyzed further reveal ed that, only the samplesfrom
Uttarpradesh tested positive by RT-PCRi.e., out of 165 pig blood samples17 (10.30%) for
JEV RNA whereas samples collected from Deonar Slaughte House, Mumbai tested negetive
for JEV RNA by RT-PCR assay.

Saxenaet al. (2009) had suggested that the use of RT-PCR in serum samplesduring
theearly daysof JEV infectionin humansmay behe pful in confirming diagnosisinthosecases

which were negativefor JEV-specific IgM antibodiesin both serum and CSF samples.

Swami et al. (2008) felt, the need for carrying out RT-PCR in CSF samples, instead
of IgM antibody detection, for the early detection of JEV.

Sapkal et al. (2007) reported detection by RT-PCR and isolation of JEV from blood
clotscollected during acute phase of infectionin human beings. JEV isolation was attempted
from white blood cells (WBCs) separated from blood clots of 12 human patients (9 IgM
positiveand 3 negative) by seria co-culturing with phytohemaggl utinin P-stimul ated periphera
blood mononucl ear leukocytes (PBMCs) obtained from pre-screened JEV sero-negative
hedlthy individuds. JEV wasisolated from two IgM-positive blood clots. Isolate 014178 was
detected in WBCsand inthefirst passage of PBM Csby ELISA and reverse transcriptase-
polymerase chain reaction. Isolate 014173 was detectable only after a second passagein

PBMC co-culture. Thiswasthefirst report onisolation of JEV from patient blood clots.

Whereasin the present study, PBM Cs could not beisolated from pig blood samples
duetothelack of logisticsfor isolation of PBM Csat the site of samplecollection. Thismight
beareasonfor low prevalence of JEV by RT-PCR in pig blood samples.

Thefiedof JEV diagnosishasimproved remarkably with the application of molecular
diagnostic systems, such as reverse transcriptase—polymerase chain reaction (RT-PCR), for
early detection and identification of JEV in clinical samples. Several RT-PCR systemshave
been reported for detection of JEV envelopegeneinvarioushbiologicad samplessuch asinfected
cell cultures, Aedeslarvae, mosquitoes, pigsand mouseblood (Igarashi et al., 1994; Paranjpe
and Banerjee, 1998; Paridaet al., 2006a).
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Jeongaet al. (2011) reported anovel RT-PCR kit with aninterna positive control
with automated RNA extraction system for screening of JEV infield-collected mosquitoes.
Thismay offer an alternative approach for JEV surveillance and laboratory diagnosisinthe

circumstanceswherered-time RT-PCR systemisnot available.

Diagnosisof JEV infectionismainly based on serological, vira cultureand molecular
gpproaches. Serological methodsaresmpleandfeasible. Virusisolationisadefinitivediagnosis
for JEV infection, however, thisassay isusually unavailable owing to lesssensitiveand more
time consuming. RT-PCR assaysfor detection of specific genomic sequence of JEV have
been showed high sensitivity and specificity (Swami et al., 2008). However, these assays
compared with serologic testsaremoretime-consuming and requireexpens veand sophiticated
equipments. Most of cases of JE occur inrural areas, where routine RT-PCR diagnostic

fadlitiesarelimited.
5.2 Detection and quantification of JEV by Real-time PCR assay

Thedetection aswel|l asquantification of Japaneseencephalitisviral loadin pigblood
sampleswas carried out by quantitative RT-PCR assay using Quanti Fast Syber Green PCR
kit (Quiagen) by following the protocol of Santhosh et al. (2007) and targeting theNS3 gene
with necessary modifications. Thequantitative RT-PCR assaysared owly replacing conventiond
RT-PCR assaysfor smultaneous detection and quantification of virusandvird load respectively.
Inthe present study, JEV was detected and quantified in 18 (4.22%) of pig blood samples.
Theviral load wasin therange of 4.243x10°to 2.53 x 10? copy numbers per reaction. The
Real-time PCR assay could detect thevirusin 18 blood samplesinwhich 17 wereearlier
detected as positiveby RT-PCR. Thus, real-time PCR was found more sensitive than the
conventiona RT-PCR. Thisseemsto bethefirst report onthe application of Real-time PCR
for detection aswell asquantification of JE vira |oadin pig blood samples.

Sapkal et al. (2007) reported one-step SY BR Green |-based red-time RT-PCR
assay for rapid detection aswd | asquantitation of Japanese encephditisvirus(JEV) in acute-
phase patient CSF samples by targeting the NS3 gene. The applicability of Real-time PCR
assay for clinical diagnosiswasvalidated with 32 suspected acute-phase CSF samples of
Gorakhpur epidemic, India, 2005.
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Chenet al. (2011) devel oped and eval uated areverse transcription loop-mediated
isotherma amplification (RT-LAMP) assay for detecting Japanese encephalitisvirus (JEV).
The sensitivity of the JEV RT-LAMP assay wasin concordancewith that of real-time RT-
PCR and 10-fold more sensitivethan that of conventional RT-PCR, with thedetection limit of
24 copies/pl.

Inthepast decades, severa nucle ¢ acid-based amplification methodsfor detection of
JEV infection have been established, whichincluding conventiond RT-PCR, nested RT-PCR,
probereal-time RT-PCR, dyerea-timeRT-PCR and LAMPRT-PCR (Huang et al., 2004,
Yang et al., 2004; Saxenaet al., 2009). Compared to conventional RT-PCR and nested RT-
PCR, real-time RT-PCR has engendered wider acceptance dueto itsimproved rapidity,
sengitivity and thereduced risk of |aboratory contamination. Real-time RT-PCR method has
severa advantagesover conventional PCR. Firstly, real-time RT-PCR isamorerapid and
sensitivetest ascompared to conventional RT-PCR. The second advantage of the closed
one-tubered-timeRT-PCRisthat it islesslikely to produce fal se positive by contamination
during sample preparation. Thereare currently five main chemistriesfor the detection of PCR
product during real-time PCR (Mackay et al., 2002).

5.3 Isolation of Japanese Encephalitis Virus

Attemptsweremadefor isolation of JE virusfrom two pig blood samples (positive by
both RT-PCR and Redl-time PCR) were subjected for isolation of JEV usingVerocell line.
But we could not isolatethevirusfrom any of thesample. Thevirusisolationisdifficultincase
of JEV, eveninthebest |aboratory facility, probably because of low level of viremiaand the
rapid devel opment of neutralizing antibodies (Solomon et al., 2004 and Paridaet al., 2006b).
Thechancesof virusisodtion aremoreif thecdlinica samplesarecollecedinvery acute period
of infection (within 2 daysof infection) asneutralizing antibodiesto JEV aredeveloped very
rapidly (Peridaet al., 2006b). Theisolation results of present study arein agreement with the
JEV isolation resultsof Kolhe (2008).

However, isolation of virusfrom clinica specimensisgeneraly considered arare
occurrence (Shopeand Sather, 1979) probably because of low vird titers, rapid production
of neutralizing antibodies, and thel ogistic difficulty in transportation of specimensindevel oping
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countriesand frequent freezing and thawing of clinica materia (Mohanrao et al., 1983; Leake
et al., 1986).

5.4 Seroprevalence of JE in pig by indirect ELISA

Thewholeviral antigen based standardizedindirect ELISA was used to study the
seropreva ence of Japaneseencephalitisin pigs. A total of 426 serum sampleswere screened
by 1gG targeted ELISA, revea ed 101 (23.76%) samplesfound positivefor IgG antibodies
against JE in pigs. Of the 165 serasampl es collected from Piggery farm, IVRI, pork retail
marketsof Bareilly, Gorakhpur and Baliadistricts of Uttarpradesh, 48 (29.09%) samples
found positivefor JE antibodies. Out of 261 samplescollected from Deonar daughter house,
Mumbai, 53 (20.30%) samplesfound positivefor JE. Thewholevira antigen based ELISA
had asengtivity, specificity, efficacy, positive predictiveva ueand negetive predictiveval ue of
86.6%0, 100%, 91.66%0, 100% and 81.81% respectively (Rawat, 2013).

Theresultsare comparablewith astudy by Yang et al. (2006), who have reported
21.7% (156/720) of JEV seropreva enceby wholeviral antigen based I-ELISA inpigs. But,
the seropreva encewasre aively higher in Gyeongnam (45%, 81/180) than the other regions
(12.2%(11/90) in Jgu, 12.6% (34/270) in Gyeonggi, 16.7% (30/180) in Jeonbuk, respectively)

inKorea

Higher sero-prevaence of JE in swine popul ationwasobserved from al the areaof
collection and such preva encerateisobviousas swineplaysimportant rolein JEV amplification
and harboring infection for longer periodsof time (Geevergheeseet al., 1991 and Solomon et
al., 2003). Johannaet al. (2013) reported 43 femal e pigsfrom the urban households and 30
out of the 31 from rural householdswithin Can Tho City, Vietnam were positive by 1gG
ELISA givinganoverdl seroprevaence of 99%.

The prevaencerateof the present study isinsimilar with several reportsfrom various
partsof Indiahave reported varying degrees of prevalence of JE in swineviz., Karnataka
47.22% (Geevergheeseet al., 1987a), Bareilly and adjoining districts-40% (Mdl et al., 1995),
Haryana-18% (Nagaleclavathi et al., 2008), Tamil Nadu-26.4% (Kumanan et al., 2002)
and Chandigarh-30.03% (Ratho et al., 1999). The overal prevaenceof present studyisin
agreement with the findings of Kolhe (2008), who recorded a preval ence of 28.89% by
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indirect 1IgG ELISA using JEV wholevird antigen. Rawat (2013) reported 33% seropositivity
inpigs
5.5 Areawiseprevalence of JE by RT-PCR, Real-timePCR and |-ELISA

Out of 30 samplescollected and screened from piggery farm, IVRI, |zatnagar reveded
seropositivity of 6.66% by I-ELISA, whereas none of the samplefound positiveby RT-PCR
and Real-time PCR. The prevalencerate was found to be higher in samples of Gorakhpur
areai.e, 64.28% and 71.42% by RT-PCR and redl-time PCR respectively and seropositivity
of 35.71%. In Baliadistrict, the prevalenceratewas 11.11% by RT-PCR and red -time PCR
and 16.66% seropositivity by I-ELISA. A seroprevaence of 59.18% wasfound in samples
collected from pigdaughter house, Barellly. Out of 261 samplescollected from Deonar daughter
house, Mumbai, 53 (20.30%) samplesfound positivefor JE by I-ELISA.

5.6 Comparison between prevalence of JEV by RT-PCR, Real-time
PCR and Indirect ELISA

Inthe present study, RT-PCR could detect JEV inatotal of 17 (3.99%) of thesamples.
But application of Real-time PCR for screening of pig blood samplesreveaed 18 (4.22%)
samplesfound positive. With Red-time PCR assay 1 samplefound positivewhichwasearlier
found negative by RT-PCR and thisisthefirst report of application of Real-time PCR for
screening of pig blood samplesfor JEV. Whileapplication of I-ELISA for screening of pig
sera samplesrevea ed 23.7% seropositivity. Only 4 samples which were collected from
Gorakhpur district found positive by all thethreetestsviz., RT-PCR, Real-time PCR and I-
ELISA. Thismay bedueto increasein mosquito population, viral activity andincreasein
production of antibodiesagaing the JE infection in pigsand these sampleswere collected and
screened during the period December month. Theresultsarein agreement with published
reportsconfirming Red-time PCR to bemore sensitivethan RT-PCR (Santhosh et al., 2007,
Paridaet al., 2006a; Chen et al., 2011).

5.7 Phylogenetic analysis of NS3 gene sequences

In the present study, GKP1 India IVRI_VPH and GKP2_India IVRI_VPH
exhibited maximum nucl eotide sequenceidentity of 100% with Japan JEV strain JAOArs982
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(M 18370), 98.8% similarity with mosquitoisolate of JEV from China(JN 864064) and SA-
14-14-2 strain of China(KC517497). It exhibited 98.1% similarity with pigisolate of China
(JQ086763), 97.5% with Culex mosquito isolatefrom China (JF706272) and human isolate
from China (JF706275). A 96.9% identity with JEV isolate of Culex mosguito from Taiwan
(HQ25658) and Swinebrainisolate (KC915016). Similarly, 98.1%identity with humanisolate
from Japan (AB269326) and 96.6% with South Korean strain K87P39 (AY 585242). It
shared about 95.7% identity with two human isolates of JEV from West Bengal, India
(JX050179 and JX072965).

The present study revealed that the reported NS3 gene sequences of
GKPL1 India IVRI_VPH and GKP2_India_IVRI_VPH were seemsto be originated from
ChinalJapan/Taiwar/K orea
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IEI SUMMARY AND CONCLUSIONS

The Japanese encephdlitisvirusisthesinglelargest cause of vira encephditisinthe
world with an estimated 50,000 casesand 10,000 deaths annually. JEV isamember of the
genus Flavivirus (family Flaviviridae) that istransmitted between birds, pigs, and some
other domestic anima sby Culex mosquitoes. JE isamosguito-bornearbovird infection caused
by aflavivirustransmitted by anthropophilic rice-field mosquitoes of the Culex species(primarily
the Culex tritaeniorhynchusand Culex vishnui group). Amplifying hosts, chiefly domestic
pigs, act asintermediariesin transmitting the virus. The diseaseis maintained in nature by
complex cyclethat involvespig asamplifying host, ardeid birds asreservoirsand mosquito as
vector. Therearetwo transmission cyclesof JEV in natureviz., pig-mosguioto-pig and bird-
mosguito-bird. Figsarethemost important reservoirs. Though they do not manifest the disease,
they develop very hightitersof virusin circulating blood and infect mosquitoes. Thuspigsare
the amplifying hosts. Presence of swine population in the peridomestic environment of JE

enzootic areasgresetly increasestherisk of humaninfections.

Rapid globalization, popul ation explosion, changesin global climatic condition,
industrialization and deforestation, adl seemto correl atewith the spread of thevirusinto newer
territories. JEislikely to remain asanimportant public health probleminthe 21 century. The
post-monsoon outbresk of JE isacommon feature and outbreaks havebeen regularly reported
from most partsof Indiasincethemid-1950s. The geographical expansion of JEV ranges
fromthe East (Calcutta, West Bengd), North (Uttar Pradesh) to South (Velore, Tamil Nadu)
of theIndian subcontinent. Thevirushasd ready established endemicity in different pockets of



Summary and Conclusions...

the country. The present study wasthereforedes gned with the obj ectiveto sandardizereverse
transcriptase-PCR (RT-PCR) and redl-time RT-PCR assay for the rapid detection of Japanese
encephalitis in pigs; to study the prevalence of JEV in pigs by Indirect enzyme linked
immunosorbent assay, RT-PCR and Real-time PCR assays.

Inthe present study, atota 852 samples (comprising 426 blood and 426 serum from
426 pigs) were collected from domestic pigsfrom variousregions of Uttar Pradesh (Bareilly,
Gorakhpur, Ballia) and Deonar Slaughter House, Mumbai, Maharashtra.

RT-PCR was standardized for detection of JEV using standard JEV RNA (GP78)
extracted from infected Vero cell line. The RT-PCR was standardized for envelope ‘E’ gene
using self designed primers and this gene segment yiel ded expected product size of 474 bp.
Out of 426 pig blood samples, 17 (3.99%) were positivefor JEV RNA, asthe cDNA from
these samples when amplified by PCR revealed the expected product of 474 bp. All the
positive sampleswere collected from Uttar Pradesh and none of the samples collected from
Deonar, Slaughter House, Mumbai were positivefor JEV by thisassay. Withtheavailable
datawhen anayzed further indi cated that, samplesfrom Uttar Pradesh only shown positiveby
RT-PCRi.e., out of 165 pig blood samples 17 (10.30%) were positivefor JEV RNA.

Thedetection aswell asquantification of Japanese encephalitisviral loadinthepig
blood sampleswas carried out by Quantitative Real -time PCR assay by using the primers
againgt theNS3 geneof JEV, withamplification product of 162 bpinlength. A tota of 426 pig
blood sampleswere screened by gRT-PCR assay. The JE vird load in termsof copy numbers
per microlitre of the sample was calculated based on the extrapolation of the “Ct’ values of the
samples against the standard curve. JEV was detected and quantified in 18 (4.22%) of pig
blood samples. Thevira load wasintherangeof 4.243 x 10° to 2.53 x 10? copy humbers per
reaction. The Real-time PCR assay could detect the virusin 17 blood sampleswhich were
earlier detected as positive by RT-PCR. Thus, it was found to be more sensitive than

conventional RT-PCR.

Attemptsweremadefor isolation of JEV from two positive blood samples (positive
by both RT-PCR and Real-time PCR) were subjected for isolation of JEV using Vero cell
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line. The JE viruscould not beisolated from any of the sample. It may be probably because of

low level of viremiaand therapid devel opment of neutralizing antibodies.

Thewholeviral antigen based indirect ELISA was used to study the seropreva ence
of Japaneseencephalitisinpigs. A total of 426 serum sampleswere screened by 1gG targeted
ELISA, revealed 101 (23.7%) samplesfound positivefor 1gG antibodies against JE in pigs.
Of the 165 serasamplescollected from Piggery farm, IVRI, pork retail marketsof Bareilly,
Gorakhpur and Baliadistricts of Uttar Pradesh, 48 (29.09%) samplesfound positivefor JE
antibodies. Out of 261 samples coll ected from Deonar daughter house, Mumbai, 53 (20.30%)

samplesfound positivefor JE.

Out of 30 samplescollected and screened from piggery farm, IVRI, Izatnager reved ed
seropositivity of 6.66% by I-ELISA. The prevaenceratewasfound to be higher in samplesof
Gorakhpur areai.e., 64.28%, 71.42% by RT-PCR and Real-time PCR respectively and
35.71%by I-ELISA. InBaliadistrict, the preva enceratewas 11.11% by both thetests (RT-
PCR and Real-time RT-PCR) and 16.66% by whole viral antigen based I-ELISA. A
seroprevalence of 59.18% and 20.30% wasfound in samples collected from pig daughter

house, Bareilly and samplesfrom Deonar, daughter house, Mumbai respectively.

In the present study, the phylogenetic analysis of NS3 gene sequences of
GKP1 India IVRI_VPH and GKP2_India_IVRI_VPH revealed maximum nucleotide
sequenceidentity of 100% with Japan JEV strain JaOArs982 (M 18370), 98.8% similarity
with mosquito isolate of JEV from China (JN 864064) and SA 14-14-2 strain of China
(KC517497). It shared about 95.7% identity with two human isolates of JEV from West
Bengal, India(JX 050179 and JX072965).

Thus, the present investigation clearly reveal sthe presence of JEV in pigsthrough
gpplication of RT-PCR, Redl-time RT-PCR andindirect ELISA. The JEV specificNS3 gene
targeted red-time RT-PCR assay in thisstudy a so enable determination of thevird loadinpig
blood samples. The SY BR Green dye based real-time RT-PCR assay described herefor
detection and quantitation of JE virus has been shown to beasimple, sensitive and rapid

gpproach for survelllanceand epidemiological studies. Thesefeasturesmakeit an excellent tool
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for |aboratory detection of JEV inpigblood samples. Theindirect ELISA, whichwasdeve oped
inDivisonof Veterinary Public Health wasfound to be useful for serodiagnosisof JEin pigs.

Systematic approach is the need of hour, with the joint efforts of public health
veterinarians, molecular biologists, public health specialists, drug developers, policy makers
andlocd population to combat against thevirus. However, thereisindeed arolefor integration
between veterinary and public health authoritiesin determining the epidemiol ogy of infection

and prospectivesurveillancefor JEV whichinturn should helpin designing control measures.

S s S
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MINI ABSTRACT

The present investi gation was designed with the aim to standardize reverse transcri ptase-
PCR (RT-PCR) and real-time RT-PCR assay for the rapid detection of Japanese encephalitis
virusin pigsandto study the prevalence of JEV in pigsby Indirect enzyme linked immunosorbent
assay, RT-PCR and Real-time PCR assays. RT-PCR was standardized for detection of JEV in

pig blood samples by targeting envelope ‘E’ gene. The detection as well as quantification of

Japanese encephalitis viral load in the pig blood samples was carried out by quantitative real-
time PCR assay by using the primerstargeting the NS3 gene of JEV, with amplification product
of 162 bp. Out of 426 pig blood samples, 17 (3.99%) were positivefor JEV RNA, asthe cDNA
from these samples when amplified by PCR reveal ed the expected product of 474 bp. All the
RT-PCR positive samples were collected from Uttar Pradesh and none of the samples collected
from Deonar, Slaughter House, Mumbai were positive for JEV by RT-PCR assay. A total of
426 pig blood samples were screened by gRT-PCR assay. JEV was detected and quantified in
18 (4.22%) of pig blood samples. The viral load was in the range of 4.243 x 10° to 2.53 x 10?
copy numbers per reaction. The Real-time PCR assay could detect thevirusin 17 blood samples
which were earlier detected as positive by RT-PCR. Thus, real-time PCR assay found to be
sensitive and rapid for detection and quantification of JEV in pig blood samples. Attemptswere
madefor isolation of JEV from two positive blood samples (positive by both RT-PCR and Real -
time PCR) were subjected for isolation of JEV using Vero cell line, but JE virus could not be
isolated from any of the sample. Out of 426 serum samples 101 (23.7%) were found positive by
1gG targeted ELISA. Of the 165 sera samples collected from Piggery farm, IVRI, pork retail
marketsof Bareilly, Gorakhpur and Baliadistricts of Uttar Pradesh, 48 (29.09%) samplesfound
positive for 1gG antibodies against JE. Out of 261 samples collected from Deonar slaughter
house, Mumbai, 53 (20.30%) samples found positive for JE. The NS3 gene sequences of
GKPL1 India IVRI_VPHand GKP2_India IVRI_V PH exhibited maximum nucl eotide sequence
identity of 100% with Japan JEV strain JaOArs982 (M 18370), 98.8% similarity with mosquito
isolate of JEV from China (IN 864064) and SA-14-14-2 strain of China (KC517497). It shared
about 95.7% identity with two human isolates of JEV from West Bengal, India (JX050179 and
JX072965). Thus, the present investigation clearly reveal sthe presence of JEV in pigsthrough
application of RT-PCR, Real-time RT-PCR and indirect ELISA.
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AT AT TR TlIgH g SRR O §RT YARI § IURART &7 3wz,
IRE—URTRR RIS TTgH YRAIBIR T T | STRSI—UIRAIRIR @i & o Al 3§ g
S @ AR BT Aedihd Hh SIa ARASh SR & @R Sifd =g faar war | @Rd
S & |TRI ST AR 2Ny TR YR I A1 § aRATNHR0T gRATTsS Raet
TT5H URTIRIR 3 Sy dRRE & UAUA3 SiF Bl dellqgd B UTSHRI BT SUINT B
T fOTaH 162 oR9 74 T Yaeid ST YT 31T | bR R & el 426 A1 1 3, 17(3.
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APPENDI X

REAGENTSFORMOLECULARBIOLOGY
Ethidium bromide(10mg/ml)

Ethidiumbromide 10 mg
Didtilled weter 1ml
The solution wasstoredin dark color bottleat 4°C.

TAE (5X)
Trisbase 242 g
Glacid aceticacid 57.1ml
EDTA (0.5M) 100 ml

Adjust the pH to 8 and make volumeto 1000 ml with distilled water.
REAGENTSFOR CLONING
Calcium chloride(0.1 M)

Dissolve 1.47g of Cacium chloridein 100 ml of distilled water and storeat 4°C.
Ampicillin (100 mg/ml)

Dissolve 100 mgAmpicillinin 1 ml of sterilewater or 70% ethanol. Mix well and

filter using 0.22 p filter and store at -20°C.
REAGENTSFORPLASMID EXTRACTION
Solution Pl/Resuspension buffer

TrisHCI (pH 8) 50mM

EDTA 10 mM

Adjust pH with NaOH and store at 4°C. Add RNaseA 100 pg/ml at thetime of use.
Solution PI1/Lysisbuffer

1 N NaOH 200 pl
10% SDS 100 pl
Autoclaved digtilled water 700 pl
Makefresh at thetime of use.

Solution PI11/Neutralization buffer
Potassium acetate (5 M) 60 ml
Glacia Aceticacid 11.5ml

Adjust pH to 5.5 and makevolumeto 100 ml with distilled water and stored at 4°C.
Reagentsfor ELISA
Phosphate Buffered Saline 1X (pH 7.2)

Sodiumchloride 8.00 gm
Potassumchloride 0.02gm
Disodium hydrogen phosphate (anhydrous) 1.44gm
Potassium dihydrogen phosphate 0.20gm
Didtilled weter 1000 ml

Sterilized by autoclaving and stored at 4°C until used.



Washing buffer (PBS-T)
PBS (pH 7.4)
Tween 20
Coating buffer
Sodium bicarbonate (35 mM)
Didtilled weter
Adjust thepH to 9.5 and store at 4°C.
Blocking buffer
Skimmed milk powder
Washing buffer (PBS-T)
ELISA substrate
1. Citratebuffer 0.1 M (pH 4.6)
Citricacid
Sodium citrate
Deionized water
Adjust pH to 4.6 and storeat 4°C
2. Substratesolution
Citrate buffer (pH 4.6)
H.,O, (30%)
O-phenylenediaminedihydrochl oride (OPD)
Makefresh at thetimeof use.

100 ml
50 pl

29gm
1000 ml

5gm
100 ml

2.1gm
2.94gm
100 ml

10 ml
gul
10 mg
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