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INTRODUCTION



INTRODUCTION

Hepatitis is the condition characterized by theespnce of
inflammatory cells in the liver tissue. It is caddey different etiological
agents and is more commonly used to refer to apgobwiral infections
that affects liver, such as hepatitis A, B, C, [ & Hepatitis A and E
are transmitted through feco-oral route, hepaitsnd C are transmitted
through infected blood and body fluids and heatfitioccur exclusively

in persons infected with hepatitis B virus.

All water borne epidemics of viral hepatitis waught to be
caused by hepatitis A virus. In Delhi there wasugpected outbreak of
hepatitis A between 1955 and 1956. Serum sampbes fhose patients
were collected and preserved. In 1983 a specificsamsitive assay was
applied to these preserved samples and they wenel fim be negative for
specific antibodies against hepatitis A viruShus a new clinical entity
came into life with signs and symptoms similar tbes forms of viral

hepatitis.

It was designated as hepatitis E because of itxieritansmission,
epidemic and endemic nature that capture the hispBtivirus. Later it
was known as Enterically Transmitted Non A Non BIARNB) hepatitis

or Epidemic Non A Non B



Hepatitis E virus (HEV) causes large outbreaksndegnic areas
like India, Central Asia, parts of Africa and Mesic It is the most
important cause of epidemic and sporadic viral bohepatitis in
countries with suboptimal sanitary conditions difegg susceptible

population like young aged adults and pregnant wome

Prevalence of Hepatitis E in developing countriaages from

7.2% to 24.5% when compared to <1% in developedieias™>>

Hepatitis E virus causes an acute short lived,-Igeifing viral
hepatitis typically lasting for 1-4 weeks. Itaffedioth sexes targeting age
group between 15 and 40.1t exhibits a wide clingg@ctrum, fluctuating
from asymptomatic infection to fulminant hepatitislost cases of
pregnancy will not affect the severity of hepatitidess it is found to be
hepatitis E which tends to worsen during the pemddoregnancy. It
causes fulminant hepatic failure (FHF) in pregnanimen particularly
those in 2 and ¥ trimester of pregnancy. There is a high rate of
occurrence of disseminated intravascular coagulati®lC) associated
with hepatitis E infection in pregnarféAttack rate among®]. 2and 3
trimester were 8.8%, 19.4% and 18.6% respectivdihereas among

non-pregnant women and men it is only 2.1% and 2.8%



37% of acute viral hepatitis during pregnancy igsesl by hepatitis
E and 81% of them go in for fulminant hepatic feélunore commonly
during 3trimester of pregnanéy?> General mortality rate in hepatitis E
is 1 to 2 percentage when compared with hepatitisviich is 0.4

percentage

The case fatality rate among pregnant mothersd ?5*and has
been reported to be very high with maximum sevenitythe third
trimester of pregnancy i.e. 44.4% fact, the major cause of mortality in
epidemics is due to the high rate of fulminant hiepilure in pregnant
womerf’.Besides the high maternal mortality rate, the ottengers of
fulminant hepatic failure such as fetal malformatiabortion, still birth
and neonatal death are noted among pregnant mothirhepatitis E

infectiorf"2>

High rates of vertical transmission of hepatitisv&re documented
between 33.3% and 50% leading to high fetal maytali Studies have
reported that 78.9% of babies had evidence ofcadlyi transmitted HEV
infectior?®. This data points to a relationship between sgverfi HEV

infection in the pregnant women and the fetus.

Most of the cases of hepatitis E remain asymptamatihe

treatment of acute infection is supportive managemin spite of the



explosive nature of hepatitis E during pregnanbgye is no established
treatment available for %t Therapeutic termination of pregnancy as
approved in disorders like HELLP syndrome have lme#n completely
explored in hepatitis E infectidh The diagnosis of hepatitis E infection
in individual patients remains challenging. It cannbe clinically
distinguished from other forms of acute viral hémat The routine
laboratory diagnosis of hepatitis E is based eitthrerserologic tests or

nucleic acid amplification techniqu@és

Trials of HEV vaccines are presently continuingriany countries.
This consists of a candidate vaccine which is effgctive and accepted
in China, showing efficacy of >90%. On January P32this vaccine has
been licensed by State Food and Drug Administratibi©hina for its
production and sale. Perhaps it is a major milestwm the road towards

protecting susceptible women in a disease endemuictoy like India.

Hepatitis E is accountable for approximately 9.8f#4regnancy
associated deaths. In southern Asia, as many &9d @aternal deaths
per year could be prevented by using the existiagciné®. With the
availability of an efficacious vaccine, we must ser prudent
Implementation of such an intervention, where appate, to avoid a

significant proportion of preventable deaths ineleping countries.



As there is very less data documented with respecsero-
prevalence of hepatitis E in pregnant mothers ohalnthis study was
done to assess the sero-prevalence of subcliniephthis E viral
infection in asymptomatic pregnant mothers attegdioutine antenatal
check up in a tertiary care hospital in Chennai.rddoer, it helps in
considering vaccination for the pregnant motherd davelopment of

existing vaccine.

Since hepatitis E infection is a significant hegtioblem world,
there is a need for more public health involvent®nprovision of clean
drinking water, health education of public and easxailability of

approved serological assay for early detectiomfafction.
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3)

AIMS AND OBJECTIVE

To study the seroprevalence of Hepatitis E virdieation in
asymptomatic pregnant mothers attending routineratéal

check up in a tertiary care hospital in Chennai.

To emphasize the importance of screening, diagnasds
management of HEV infection in asymptomatic pregnan

women

To study the implications of HEV vaccination if daale in
the future to all sero-negative antenatal mothéereby
decreasing morbidity and mortality associated VKBV

infection
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REVIEW OF LITERATURE

HEPATITIS E VIRUS
THE DISCOVERY

The clinical features of viral hepatitis wasrecagai by
Hippocrates in 460-375 BC. In the year 1965, Blurghet al discovered
Australia antigen which consequently led to theedigbn of hepatitis B
virus. In 1973, Feinstone et al demonstrated hepativirus by immune
electron microscopy (IEM) in stool extracts of pats with acute
hepatitis A virus infection. Later, Choo et al itiead hepatitis C virus
from post-transfusion patients, and developed egrohl test for its

diagnosis.

Till 1980 all water borne epidemic viral hepatitiéssease were
thought to be caused by hepatitis A. During the5196 epidemic, about
29,300 patients developed symptoms of jaundice @fhiDwhich was
typical of hepatitis A disease by Indian CouncilMédical Researchi
and concluded that, the disease caused by a hepatiss, lasting for less
than 6 weeks spread through contaminated watewasdf non-A, non-
B. They also concluded that the disease typicatfgcted the young

adults with maximum severity in pregnant women.



The experimental evidence of hepatitis E was fiesiorted by
Balayan et &lin the year 1983.He successfully demonstratedabal-
oral transmission of hepatitis. A volunteer who \a&gady infected with
hepatitis A infection in the past was given a saspm inoculated with
feces specimen collected from the patient from Witar?. On 36" day,
the volunteer developed clinical feature of sevepatitis and the fecal
sample showed27 to 30 nm sized virus like particiesimmune electron

microscopy (IME.

Balayan observed that the volunteer did not devalabodies to
either HAV or HBV but to virus like particles whidie detected from his
faeces °. The study members also demonstrated a similasrmission of
HEV in cynomolgus monkey with the volunteer’s fdesample and the

monkeys responded similatly

This type of non-A non-B hepatitis was designatsceaterically
transmitted nonA nonB (ENANB) hepatitis or epidemanAnonB. Later
it was found to be the major hidden cause for epide in many

developing countries and also cause sporadic ch$epatitis.

In those days Immune Electron microscopy and tréssam to

primates were the only means of studying HEV.



CLASSIFICATION

HEV is an RNA virus of thélepeviridaefamily, genusHepevirus

as classified by Emerson et al, 2006

HEPATITIS E VIRUS

Fig 3.1 Hepatitis E structure

Hepatitis E viruses are small, 27-34 nm in diametgmmetrical
icosahedral, non-enveloped, with non-segmentedtipesiense, single
stranded, polyadenylated RNA (at its 3’ terminusnprising of a 7.5 kb

genomé .



GENOTYPE AND PREVALENCE OF HEPATITIS E HUMAN

STRAIN

Genotyping became prevalent during the mid-1980Based on
sequence analysis done from the hepatitis E stfansdifferent parts of
the world, HEV were known to have 4strains i.e.|lllll, IV °. Upto

9 genotypes have been dicovéred

Further phylogenetic analysis showed multiple spésyin each
genotype. HEV | into 5 subtypes, Il into 2 subtypkkinto 10 and IV

into 7 subtypes
Genotype | — Asia(India, Pakistan), North Africa
Genotype Il — Mexico, South Africa
Genotype Il - North and South America, Europe,@Asi
Genotype IV — Asia (China, Taiwan, Vietnam, Japan)

Genotype | and |l cause hepatitis outbreaks esjheciin
developing countries and Genotype | is the mostmaom subtype in

India.

Genotype | contains human hepatitis Estrains obthifrom

endemic regions. Limited sequence strains appearslong to genotype

10



lI. Genotype Il and IV have been identified fronmrhan and swine

source’
MOLECULAR CHARACTERIZATION OF THE VIRUS

Most of the molecular aspects of hepatitis Eweraeghby in vitro
expression of recombinant proteins due to the ¢tdaificient cell culture

system.

Genomic RNA

JR-ORF3 ~ ORF2  NCR
g ||

s

\ RPolyA 3
\_'_J \-.'.l
CRE CRE
Subgenomic RNA
2.0kb

Fig 3.2: RNA of HEV virus
OPEN READING FRAME (ORF 1)

ORF1 begins at the 5’ terminus of the hepatiti#t Eontains 5,073
to 5,124 nucleotides long codes for nonstructuratgins (polyproteins
with length of 1693 amino acid) that are involvedreplication of viral

genome and viral protein processing.

11



OPEN READING FRAME 2 (ORF2)

ORF 2 begins at 37nt 3’ of the termination codirgnfe of ORF1.
It has 1977 to 1,980 nucleotidésand encodes for the main structural
viral capsid proteins. In addition to the freshiams, ORF2 forms 30
small sized icosahedral homodimers (size and nuadiin are not yet

determined)®”.

Hepatitis Evirus envelope protein form the Virugeli Protein
(VLP). These particles have been characterized wieh help of 3-D

reconstruction of the structure and Cryo-electracroscopy.
OPEN READING FRAME 3 (ORF3)

ORF3 is the smallest and last open reading frartie 366 to 369
nucleotides encodes and encodes for pORF proté &mino acid)
expressed in an intracellular manner, shown todseaated with liver

cell cytoskeleton in HIV replicatidr’.

Other aspects such as assembly and release opxa@gkny, some

viral protein synthesis, HEV genomic transcriptremains unclear.
KEY ANTIGENS °

HEV antigens are reactive in immune electron nscopy, enzyme

linked immunosorbent assay (ELISA), western blot d an
12



iImmunofluorescent microscopy. ORF3 is more hetaregas, whereas
ORF2 is highly conserved relatively and hence tRFDsequence based
serological test are broadly reactive and testsanning ORF3 are more

strain specific.

Expressed or synthetic peptides of ORF2 and ORE3used in
diagnostic tests like ELISA and Western blot. Trabed proteins
expressed from ORF2 in insect cells are better gnateins expressed in
Escherichia coli for detecting antibodies agairegidtitis E virus, though

not satisfactorily sensitive for sero-epidemiola@gistudies

ORF1 incorporated test are not useful for routinagmulostic
purposes, however, important for distinguishingeation-induced and
vaccine induced immune response when non replgatiepatitis E

vaccines are available commercially
REPLICATION OF HEPATITIS E VIRUS

Little information is known about the stages gélieation because
hepatitis E virus is not closely related to anyeotlwell characterized
virus and reports from conventional cell culture arsufficient about its

strategy of replicatioh®.

13



However, recently, replication of hepatitis E virbsive been
documented in primary cell cultures of hepatocytdsained from
cynomologus monkeys already infected in vivo. Theocpss of
attachment, entry and uncoating of hepatitis Esviginot determined
because of limited availability and absence of ab@rized and

permissive cell culture®.

It is assumed that hepatitis E virus attachesh& receptors on
hepatocytes especially in the biliary tract anesthe. From the newly
uncoated virus particle, 7.2-kb genome is relea3dtk nonstructural
proteins recognizes the capped 5’'RNA after presiynahnslated via
cellular mechanismg$ and the required enzymes are provided for the

synthesis of both positive and negative strand RNA.

Cellular proteases are found to cleave ORF1 thegagsienced with

papain like protease motif, but its functions apeyet clear.

3’ end of the viral genome shown to bind with RNApeéndent
RNA polymerase and ORF 2 binds to the first 76 eotttle of the 5’

regior.

Positive sense full length genomic RNA and 2 hioisic
subgenomic mRNA of 3.7 and 2.0kb are transcribethfreplicative full

length negative strand RNA

14



However, the importance of these subgenomic RNAgaims|ation
of ORF2 and ORF3 protein are not determined. Ngtisnknown about

how these processes are regulited
HEPATITIS E VIRUS TRANSMISSION

Hepatitis E virus is classified as the transmitiewaterborne and
foodborne diseasEs Most common route of transmission is feco-oral.
Most of the epidemic serologically confirmed forplaétis Evirus have
been found to be linked with fecal contaminatiomohking water. Some
sporadic hepatitis have been associated with coosomof undercooked
pork or raw/uncooked shellfishConsumption of undercooked or raw
meat of infected pork, beef, wild boar meat andloffre significantly

associated with hepatitis Einfection

The spread of hepatitis E virus infection from cate contact by
person to person contact and fomites may play @, twlt this is not
always commoh This may be due to the low amount of intact hiépdE
particles present in a patient's st§dlransmission of hepatitis Evirus
infection through person to person contact betwremly members is
only one to two percentage compared to fifteen gueege In

hepatitis A.

15



Transmission via exposure to infected blood has veported in
endemic regions. Post transfusion hepatitis E trdechave also been
documented®. Trans-placental transmission of hepatitis E virushird
trimester of pregnancy is associated high perinatattality of the
newbornd® There appears to be relatively higher risk amafignits born
to mothers with hepatitis E infection upto 33.3%caée®. In a study of
469 pregnant women with hepatitis E infection, fdun have vertical

transmission up to 100%%

Though hepatitis E virus RNA is detected in théostsum milk,
no evidence suggest the spread of infection topdffg'. There is no
evidence for HEV transmission through sexual routdepatitis E
infection has also been documented in 3 health wamers who had
treated fulminant hepatic failure due to hepatffisin South AfricA
Travelling history to HEV endemic region pose ahhigsk factor in a

number of cases.

Improper treatment of drinking water and substathdanitation is

the major cause for hepatitis E virus outbreaks.

16



PATHOGENESIS AND PATHOLOGY

PRIMARY HOST TARGET CELLS FOR HEV-

HEPATOCYTES*°6:28

The pathogenesis of Hepatitis E virus infectiomad completely
understood so far due to the lack of competentazdllre system. Most
of the little knowledge about the pathogenesis @fatitis E virus was
obtained from the studies on non-human prinftésowever, from the
clinical picture and its serological events extadiin some of the typical
cases of hepatitis E disease, certain speculatwelesion have been
arrived at about its pathogenesis. Ingestion oftatomated food with
infected patient’'s faeces is the route of primanyrye of HEV into the

hos®f.

It is presumed that hepatitis E virus replicatiakets place in the
intestinal tract. It reaches the hepatocytes amdssteplicating within the
cytoplasm, followed by a phase of viremia with h@gncentration of the
virus found in bile and is shed in the feces. Tiemtsviraemia occurs for
3-4 weeks. Anti HEV IgM peaks with the symptomaderiod and persist

for 3 to 6 months and after that they become uctkaiée.

Anti HEV 1IgG appears 3 to 4 weeks post inection hade been

shown to persist for 2 to 13 years. During conwdas period IgG

17



disappears within 6 to 12 months pefittEV RNA are detected in the
biliary duct, on the luminal aspect of the epitakkell surfaceusing in
situ hybridisatiohHepatitis E virus antigens are expressed in the
hepatocyte cytoplasm, faeces and bile. Antigengagpone week post
infection indicating viral replication. HEV can lgetected in the stool a

week prior to the clinical symptoms.

It has been established that the liver injury isiseal by the
Immune response produced by the host to the ingadepatitis Eand
does not depend directly on the replication ofuines in the liver tissue.
Viraemia and faecal shedding is followed by the ebnef alanine
transaminase (ALT) elevation. Observable histodatfical changes in
the liver usually correspond to the detectable I&evad antibodies to
hepatitis Ein the serum and decreased levels ddthispEvirus antigens

in the hepatocytes of the liver.

During epidemic outbreaks of hepatitis Ediseasemenation of
the infected patient’s liver shows either a chamastic cholestatic pattern
with glandular modification of the parenchymal sedr a pattern similar
to the other forms of acute viral hepatitis whicttludes acidophilic
bodies formation and ballooning degeneration of kispatocytes or

confluent hepatocyte necrosis in the liver

18



PREGNANCY AND HEV

Pregnant women, particularly those ii® 2and &' trimester of
pregnancy are more frequently affected during hepdaE outbreaks.

They have a worse outcome than other form of Vieglatitis.

It was proposed that severe fetal infections andl fdeath may
produce toxins that overload circulation which @musevere maternal
diseas&. During pregnancy there is increased sensitivithépatitis E
virus mediated endotoxihscalled Schwartzman-like phenomenon.
Hepatitis E virus infection are fatal as they pp#ete pregnancy
associated eclampsia with disseminated intravascolagulation due to

hepatic and renal failuré.

Following are the two possible host factors thatof fulminant

hepatic failure to occur in hepatitis E infectedgmmant women:

o Immunological changes

o0 Hormonal changes during pregnancy
IMMUNOLOGICAL CHANGES DURING PREGNANCY *

During the early weeks of gestation up td"®@eks, T cells are
significantly reduced. It is a protective modulatiof cell mediated

immunity (CMI) to sustain the highly antigenic fstand the placenta

19



during pregnancy. Placenta are resistant to celliaed damage as they

do not express MHC.

They express a unique HLA-G molecule which inat¢@saNatural
Killer cells by binding to its receptors CD16 an®%5. It also produces
indoleamine 2, 3 dioxygenase enzyme, inactivate deglete the
aminoacid tryptophan, which supports T cell functi@nd hence
suppresses CMI. Increase in cytokines such as f;GE-4 and IL-10

inhibits cell mediated immunity.
HORMONAL FACTORS IN PREGNANCY

Increased incidence of fulminant hepatic failureyrba associated
with hormonal changes. As the period of gestationggesses the
hormones like estrogen, progesterone and humamoamgonadotropin
also increases. Estrogen causes shrinkage of thyndsdeplete the
number of CD4 and CD8 cells. Progesterone blockelTdevelopment
l.e. they inhibit Th1l cells and promote Th2 celsdroducing involution
of thymus more effectively than estrogen. It waahown that there is
increased level of T helper2 cytokines assuming thay cause liver

injury and have a role in increased severity of Hiiection in

pregnancy’.

20



PROBABLE MECHANISM OF FULMINANT HEPATIC IN

PREGNANCY?®®

In addition to the above mentioned hormones, hegklk of steroid
hormones are also appreciated during pregnancyoughr NF«B
steroids mediate lymphocyte apoptosis and this iploggcal down
regulation helps to retain the fetus. In studiesvits shown that the
activity of p65 component of NkB was decreased in peripheral blood
mononuclear cells as well as liver biopsy of pregveomen who died of
fulminant hepatic failure. It was established tl@disence of p65 is
responsible for liver damage in fulminant hepafadure associated in

hepatitis E infected mothers.

CLINICAL MANIFESTATION

Incubation period ranges from 2 to 8 wks for thenical
manifestation of the disease. Wide spectrum ofiadinmanifestation
have been observed, from self-limiting, subclinicatute hepatitis to
fulminant hepatitis in case of pregnant mothers ihexer proceeds to

chronicity.

It is most commonly seen in the age group of 183o0lt is mostly
asymptomatic in children. 1% mortality in the geagropulation is due

to fulminant hepatic failure.

21



SIGNS AND SYMPTOMS
PRE-ICTERIC OR FIRST PHASE
Influenza like symptoms
Abdominal pain
Tenderness
Nausea

Vomiting

ICTERIC OR SECOND PHASE
Jaundice
Dark urine
Viremia
Elevated liver enzymes
Antibody sero conversion

Clearing of the viruses

First phase or pre-icteric phase lasts for 1 talags followed by

second or icteric phase persist for 15 to 40 days.

OUTCOME OF HEV

Typically hepatitis E virus infection is self-linmig without

progression to the chronic illness. However heisafitinfection is more

22



severe than hepatitis A. It causes fulminant hepi@iilure in pregnant

women and can be fatal.

Fulminant form of hepatitis E infection occurs mdrequently in

the third trimester of pregnancy with a mortaliéye of 25%.

However, on the basis of clinical presentation higpd cannot be
differentiated from other forms of viral hepatitis. fact, not all hepatitis

E infections are clinically apparent.

Increased frequency of abortion, neonatal deattissailh births are

noted among pregnant mothers with hepatitis Eirdatt

Other complications are prolonged cholestatic hepatcute HEV
super infection in patients with cirrhosis, co-ictfen with other
hepatotropic viruses and autochthonous hepatitigrs in developed

countries
SEROEPIDEMIOLOGY

Hepatitis E cause waterborne epidemic disease patk clinical
attack rate in young adults and high rate of fubmin hepatitis Iin
pregnancy. The earliest recorded outbreak of HE8Muoed in the year
1955 in Delhi, India, following heavy flooding ohé river Yamuna.

Thereafter, many number of outbreaks and sporaases have been

23



documented in a wide variety of developing anditaregions, together
with India, Nepal, Pakistan, Myanmar, Indonesia,n@h the central
Asian region of the former Soviet Union, Ethiopiagypt, Algeria,

Jordan, the Ivory Coast, Sudan, Chad, Somaliapfit and Mexict”.
HEV epidemiology in hyper endemic regions

Epidemics of hepatitis E are known to ocduequently In
hyper endemic regions, typically separated byfeav years. The
outbreaks are regularly large, and affect seve@@ tb several 1000
persons. They are often related to drinking of watstaminated with
infected person’s feces. Their time-course variesmf unimodal
(few weeks) to prolonged, multipeaked (last for roseyear) epidemics.
The multipeaked represent continuous water cont@mm The
outbreaks normally follow heavy rainfall and floodiscreate conditions
that favor contamination of drinking water with haimexcreta, or during
summer months, probably due to reduced water flowivers cause
increased concentration of fecal pollutants. IntBeast Asia, repeated
outbreaks have been shown to be related with ddmdshuman excreta
into rivers, and people tend to use the same viatezooking, drinking,

and personal hygiene. They favor constant fecalacoimation of water.

24



Occurrences of hepatitis E have happenedunderdeveloped
urban areas with leaky water pipes passing girosoil that is
contaminated with sewage. During periods of erratiater supply,
negative pressure forms in pipes of no flow whittbvainward suction
of contaminants into the pipes. Few outbreaks aseaated with food-
borne transmission due to a relatively extendedhbaton period (up to
10 wks)Genotype 1 of hepatitis E virus is the premh@ant cause of

sporadic hepatitis and epidemics in hyperendengions.

Sporadically occurring hepatitis in many of theioeg have been
serologically confirmed as hepatitis E virus infest In fact, hepatitis E
virus is one of the most common etiology of sparadepatitis in the

endemic regions.

A salient feature of hepatitis E is that it ha® apecific clinical
attack rate with its peak among young adults rap@iiom 15 to 40 years
of age in developing countrieSurvey of sera collected from a
hepatitis E endemic area of India over a perioteofyears documented
that most hepatitis A infection occurred beforefirears of age, whereas,
hepatitis E virus infection occurred after sixtgerars of age. However,
all age groups are affected with male preponderamce mostly adults

develop clinical evidence of hepatitis than chitddeiring epidemics.

25



In most hepatitis E endemic areas, antibodies baea identified
in 5% of children in the age group less than tesryevhen compared to
10% to 40% in young adults >25 years of‘agerecent study from India
have reported >60% of children <5 years of age lsan#odies against

hepatitis Evirus

By Nargis et al, seroprevalence of anti-hepatitidgs in New
Delhi, India is 33.67% in asymptomatic healthy nesth Whereas in
Spain and Turkey prevalence it is 0.6-2 and 12.6rcqme
respectively.Arankalle et al states a seroprevalence 0f23.62%® in
the general population fs By Khuroo et al, it is 5% in asymptomatic

healthy childreh

By Radhakrishnan et al, among 361 cases of acuhé hepatitis
17.3%(66) were positive for Ighl By Singh et al 40% of pregnant
women were positive for IgM anti HEV antibddyBy Bista et al, out of
19 jaundiced pregnant women 16 (84.2%) were peasitor anti HEV

IgM antibody”®.

Relatively high seroprevalence rate were reportediaveloped
countries like Japan (4%-7%) and U.S (15%- 20% laodd donors¥.
The urban sewage samples from non-endemic areasSpkin, Greece,

France, Sweden, and U.S tested positive for hep&itirus infectiof’,
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signifying that the healthy population of non-ende@areas may also be
exposed to other types of animal HEV strains tl@aindt develop any

clinical manifestations.

The development of a sensitive serological assaypermitted the
complete analysis of HEV seroprevalence and itsibligion worldwide.
Contrary to the expectations, the prevalence aof ld&V 1gG is much

lower in endemic regions and higher in non-endeetgon.

Molecular methodology to the epidemiology of hepatE virus
hold some promise. The moderately low level of hiipeEin blood and
feces restricts the practicality of hybridizatiortheut amplification. RT-
PCR has been useful for checking the outcomesrofoggcal test and for
assessing the duration of infectivity of the caséwitation to molecular
epidemiological studies are due to fairly shortadion of faecal shedding
and viremia. Its main significance is identificatiof different types of
hepatitis E virus genotypes and their associabmspecific epidemics and
environmental locations. Furthermore, RT-PCR hanhesed to identify

hepatitis E in sewage and contaminated water.

RISK GROUP IN THE POPULATION "¢

1. People living in areas where community outbreak$fiegatitis E

infection occurs
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2. People living in overcrowded refugee camps follayvafisastrous
events

3. People travelling to hepatitis Eendemic areas

4. People with chronic liver disease

5. People handling pigs, cows, sheep, goat and norahymmates
which may be infected with hepatitis E virus.

6. Travelers to endemic areas

DIAGNOSIS

Hepatitis E should be should be suspected in ercdareas during
outbreaks of water-borne hepatitis in people IMmgub optimal sanitary
conditions. In developed nations hepatitis E shoodd suspected in
patients presenting with signs and symptoms of titepavith history
recently returned from endemic areas. Similar ®dther forms of viral
hepatitis, serological tests play an important role establishing a

definitive diagnosis of hepatitis E.

Specific test for anti HEV IgM and IgG antibodie® available.
IgM is the acute phase marker and IgG determinegxiposure to HEV.
Detection of IgM is up to 90% during acute infeatid the suspected
patient’'s serum samples are collected between l4aweeks after the

onset of symptoms. During the first 4 weeks of atifen after the onset
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on disease, IgM reaches peak titer of 1:1000 t00DQ@ and disappears
within 3 months in 50% of the patientBetween 2 and 4 weeks, 1gG
peaks in titer of 1:1000 to 1:100000 and thereatfieminishes rapidly
relatively’. According to Clayson et al., in the infected peopyG
antibodies against HEV persist for more than l4ryéa 47% of the

patients.

I HEV in blood (of ~1-2 weeks duration)
P HEV in stool (of ~3—4 weeks duration)

Jaundice (of ~3-4 weeks duration)

ALT _ = = lgG anti-HEV

Titre of antibody or ALT levels (arbifrary units)

1'[} Time (weeks)

L
{j
=
M
PEE
00 =

Start of symptoms

Time course of hepatitis E virus infection
Expert Reviews in Molecular Medicine @ 1988 Cambridge University Press

Fig 3.3: Diagnosis of HEV infection
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IMMUNOLOGICAL DIAGNOSIS
ENZYME IMMUNO ASSAY (EIA)’
IMMUNOFLUORESCENCE MICROSCOPY (IFE)

Enzyme immune assay is a highly sensitive, inespenand a

practical method for detection of antibodies agdnmepatitis E virus.

IgM- acute phase marker

IgG- measures exposure to hepatitis E

Specific antibodies can be detected in either bloodserum.

Following are the antigenic domains found in theFQ#Roteins

1. ORF1 - 12 antigenic domains
2. ORF2 - 6 antigenic domains

3. ORF3 - 3 antigenic domains

Complete ORF3 and a large segment of ORF2 or OREhdC
domain and recombinant proteins originating from @RF2 are used for
detection of IgM and IgG antibodies of HEV. In ttenvalescent stage of
the disease course, ‘capsid-like’ or large ORFZ2tigjas are more

effective in detection of anti HEV.

Synthetic peptide antigens are used to confirm mezymmune

assay results and to exclude nonspecific reactibimsir use increase the
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specificity of the reaction and helps to deterntime genotype ofhepatitis
E. Disadvantage of this peptide antigens is thaa# low sensitivity and

not reliable in detection of antibodies in the calegcent period

4 short recombinant proteins derived from 3’ en®&fF-2 with 42
amino acid and ORF-3 with 33 amino acid of Burmgsanotype —I ) and
Mexican (genotype —IlI) are used by two Genelab ElArecombinant
proteins obtained from the complete ORF3 with 188na acid of the
Burmese genotype | strain is used by Abbott —ElSensitivity,
specificity, positive predictive value and negatpredictive values of all
three combination of EIA’'s are 100%, 99.5%, 75% ahd0%

respectively.

According to Mast et al, 12 different enzyme immuassay
showed a concordance from 41 to 94 percent in btbwtbrs and 0 to

89% among reactive sera with mean 68 and 32 perespéctively.

During acute HEV infection inflammation of liver @lamage to
liver tissues can be assessed by elevated liveynaw like glutamyl

transpeptidase (GGT) alanine aminotransferase (ALT)
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IMMUNOFLUORESCENCE MICROSCOPY (IFE)

This is a semi-quantitative test which measuresciincentration
of anti HEV antibodies against hepatitis E virukidfescein—conjugated
anti-HEV IgG to hepatitis E antigen in the livessue is blocked by anti

HEV antibodies.

IFE is expensive and laborious hence not useful rfmrtine
diagnosis.
MOLECULAR DETECTION OF HEV

IMMUNE ELECTRON MICROSCOPY

NUCLEIC ACID AMPLIFICATION TEST

VIRAL ISOLATION

IMMUNE ELECTRON MICROSCOPY (IEM) *'

Balayan et al., in 1983 used IEM to detect virkis particles in the
clinical specimens. Antibodies to HEV derived framoute phase or
convalescent phase sera, precipitate the HEV femtidBy rating the
antibody coating, concentration of the anti HEV ileody can be

determined semi-quantitatively.

For routine analysis, immune electron microscofM] is not

suitable as its sensitivity and specificity of thesay is insufficient.

32



Moreover clinical samples contains less number infsvlike particles

(VLPs) to be detected by IEM.

Molecular methods in diagnosis of hepatitis E haeelaced

Immune electron microscopy as it is positive inyat% of cases
NUCLEIC ACID AMPLIFICATION TEST

They can be used to detect HEV RNA either in sebblond or
stool. These tests are of importance during thedewn period as the
specific antibodies to HEV are not mounted to tleedtable levels,

hence the serological test are found to be nedative

Nested RT PCR and real time RT PCR are nucleic baikd
techniques is the method of choice for the spedétection of HEV
RNA in blood and faeces during the acute phasentdction. This
method is very advantageous in detecting diverdegatitis Evirus
strains in non-endemic countries where some assdytd detect
serological response to hepatitis E. But the sengibf the test depends
on a proper match between the hepatitis E virugirstand the PCR

primers.

Conventional RT-PCR detects viral RNA, not onlgnr sera and

faeces in humans but also from clinical sampleg ldone marrow,
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plasma, serum, salivary gland, mesenteric lymphespthguinal lymph
nodes, kidney, urine, liver and bile of domestigspand other animals
like wild boar, sika deer, mongoose, chickens dsd fiom contaminated

water.
VIRAL ISOLATION ¥/

For viral characterization and diagnosis, estableft of a
practical cell culture that allow the multiplicati@f hepatitis Ein vitro is
very critical. The use of human lung diploid cellltare system (2BS,
PLC/PRF/5, A549,HepG2) and primary cell culturetegs from non-
human primates like chimpanzees, African green ragsikcynomolgus

macaques and tamarins have been reported

But these cell culture medium cannot be used fmlagical and
biophysical studies of hepatitis E because thegatgrovide high-tire of

HEV in the culture medium and have reproducibility.

Toshinori Tanaka et al used Faecal suspension 2vittx 10" of
HEV copies mif" were used successfully in developing a cell caltur

system with an HEV titre of up to 1th PLC/PRF/5 cell$’.
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TREATMENT

Treatment of hepatitis E virus is supportive angbiaes bed rest,
adequate hydration and electrolyte repletion. Alnadispatients are able
to clear the virus spontaneously. There is no §ipdbierapy available in
altering the course of acute hepatitis E infectidntivirals have not been
effectively established for the treatment of hemak infection. In acute
severe form of infection, patients are treated wittiavirin for 21 days.
Pilot studies in cell culture suggest that intesfealpha and ribavirin may
inhibit hepatitis E viru§Though ribavirin is contraindicated in pregnancy
for its teratogenicity, the risk of untreated h&mak infected mother and

fetus are essentially high.
PREVENTION OF HEPATITIS E VIRUS
Following are the most important means of preventio

o0 Good personal hygiene
o High quality public water supplies
o Proper disposal of sanitary waste and

o General food safety
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Recommendatidht

1. Disease surveillance and outbreak detection

a. Enhance hepatitis Ediagnosis and reportingliacaite hepatitis
cases particularly those that test negative folatiep A and hepatitis B

virus to enable epidemiological investigation and lareaks

b. Use of molecular methods to determine the differ genotype

prevalence in an area.

2. Food and water safety

a. Increased awareness among food handlers

b. Food surveillance programme for hepatitis E

3. Public health education

a. Sea foods like shell fish, pork and pig offabsld be cooked

completely before consumption

b. To take appropriate measures to prevent hepd&inhfection

when travelling to an endemic areas

4. Local study

To monitor hepatitis Eprevalence and epidemioldgibanges
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SWINE HEV

For the first time in the year 1997 by Meng etHEV from the
clinical samples of pigs in USA was identified adl@monstrated.
Subsequently, other countries from all over the ldvowith high
production of pork, hepatitis E virus strains hdeen detected. These
hepatitis E genotypes showed their association wehotype Il and
genotype IV. Swine HEV strain is almost homologeuth the human
hepatitis E from the same geographic location(Hgelal, Pina et al,
Wang et al, Huang et al, Yazaki et’allhe swine hepatitis E virus shared
more than 97% amino acid identity with human heisai genotype Iff.
Isolates of hepatitis E virus strains from Thailamdl Mexico have been
classified as genotype Ill where human isolatebegatitis E has been
categorized as genotype | and Il. In India humanVH&rains are

designated as genotype | and swine as genotype IV
AVIAN HEV

In U.S., Hagshenas et al chicken isolated a nowY Idtrain, the
avian HEV from the bile sample of chicken sufferifrgm Hepatitis-
splenomegaly syndromé Comparison of avian HEV and BSLV(big
liver and spleen disease virus) revealed resemblaricabout 80%.

Sequenced genome segment of isolates of avian Hiewesl 50 to 60
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percent similarity with human and swine HEV straingariation in the
position of ORF was observed, ORF 3 does not shmyenlapping with
ORF-1 unlike classical hepatitis E viral genomecéyding to Wang et
al, and Hagshenas et al, it is not clear that wdradolates of avian HEV
Is a different genotype V of hepatitis E or it inother member of
Herpevirus gendsLater, phylogenetic analysis and sequence cosgrari
of avian HEV discovered that it is most divergehthe hepatitis E virus
strains and had 50% sequence idefftitllewly, another new avirulent
strain of avian HEV was isolated from seeminglyltigachickens. It is

assumed that the 2 avian HEV strains fit into presti genotype ¥,
ANIMAL EXPERIMENTS

Several species of monkey and chimpanzees are ptildeeto
hepatitis E virus infection. Most of our understiagdof the pathogenesis
of hepatitis E infection is derived from the rel@bnon- human
experimental animal models like rhesus, cynomolguecaques, owl

monkeys and tamarins.

Incubation period was 21 days after intraven
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ous inoculation of Hepatitis E virus into cynamagomacaques.
During the initial highly replicative cycle, expsesn of HEV Ag appears
approximately # day post infectioh®. During 2° or 3% week after
inoculation, HEV Ag has been detected in faecelg @nd hepatocyte

cytoplasm due to excretion of HEV into bile.

Antigenic expression of hepatitis E covers apprataty
70%t090% of the hepatocytes and the quantity &fl\antigen declines
with the onset of raise in liver enzymes and tiveas faecal excretion of
virus and viremia in the blood. Detectable antilesdio hepatitis E virus
appears just before the elevation of ALT(alaningnatnansferase) and
coincides with resolution of fecal virus sheddingaemia in the blood
and reduction in the viral antigen in the liver aocorrespond to the
presence of histopathogical changes in the liverthe last decade, a
growing trend of hepatitis E notification has be&served. From 2001 to
2010, the yearly notification of hepatitis E infiect in the past decade
has ranged from 26 to 117.In fact, hepatitis E toun to be the most
common cause of viral hepatitis reported in 2018p&ditis E accounts
for 44.3% of all viral hepatitis cases, foWled by 27.7% of viral

hepatitis B and 24.2% of viral hepatitis A

India is endemic for hepatitis E infection andist the most
common cause of viral hepatitis in pregnancy witthimortality during

39



3" trimester following fulminant hepatic failure whienay be associated

with the hormonal changes during the course of pregy”.Hepatitis E

virus gives a large global burden of sporadic gndeamic hepatitis.

HEV IN INDIA:
Table: 3.1 Studies on HEV in India
No. of Prevalence
Study Location Population . of Comments
patients . .
antibodies
Municipal water was
Naik et al, 1992 | Kanpur, UP Outbregk 79000 - the source of
Population T
contamination
Outbreak
population
Na{%’;gt al | south India| (NP women| 526 81.6% 0.06% CFR
and adult
men)
Malathi et al , 0
1995-96 Madras Children 127 15.7% -
Madan et al, 1998 North India Sporadic 50 64.7 -
. Patients
Rag:\zrggggan South India| attending 381 17.3 -
hospital
273 . _
Highest mortality in
Jaiswal, 2001 Central India| (127p 57.5(P) pregnant women in
and 46 (NP) 3 trimester (56%)
146NP)
Beniwal 2003 | North India | 3 timester| g 47.4% | Mortality rate 18%
’ women ) y
Pregnant 72% in 3° trimester,
Singh et al, 2003 | North India 9 60 37% 64% mortality in
women
pregnancy
. . 95.8% pregnant
0,
Khuroo 2003 Kashmir | ALF patients 180 44% women had ALE
. Hospital 0 0
Mishra 2003 Bangalore patients 569 18% CFR 3.75%

40




Naik et al (2002) published the data regardingrgelautbreak of
hepatitis E occurred in Kanpur, Uttar Pradesh dufif91. The outbreak
was related to contamination of the city’s munitivater supply system.
Based on a sample survey, it was estimated thatyné®,000 persons
were affected. The attack rate was the highesbung adults, and was
higher among males. The number of deaths recor@esd48; of this 13

were among pregnant women.

Nayak et al | n 1989 studied 169 pregnant womemofBpregnant
women and 287 adult men with hepatitis and founad NANB hepatitis
accounted for 81.6%, 48.6% and 57.1% of casesanthiree groups,

respectively.

Between February 1995 to January 1996, childreh aaute viral
hepatitis (n=127) were studied in Madras in southmart of India. HEV
was the sole infectious cause in 15.7% cases;ditiawl, 13.4% of cases
had HAV and HEV co infection, and 0.8% had HAV, HEwvid HEV

coinfection.

In another study from northern India by [Madan, 899ole of
HEV infection in causation of sporadic AVH (n=34)daFHF (n=16) was

studied. Evidence of HE [Madan, 1998] infection wimaind in22
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(64.7%) and 8 (50%) cases, respectively. It wasstlle cause in 15/34

(44%) cases with AVH and 7/16 (43.7%) cases witlir FH

Prevalence of HEV infection was studied in 381 gya8 with acute
hepatitis attending a hospital in southern IndiBMHgM was detected in
66 (17.3%) patients. Most of those with hepatitisv&re older children
and adults; only 5.5% of these were children < ¥ary of age

[Radhakrishnan, 2000].

A study conducted in central part of India commasR273 women
with viral hepatitis (age 18-23 years) included i#tégnant (AVH 83,
FHF 44) and 146 non-pregnant (AVH 129, FHF 17) wom@f the
pregnant women, 73 (57.5%) had HEV infection;ofsthe42 had FHF.
Among non-pregnant women, 67 (46% had HEV infectiointhese, 2
had FHF. HEV-infected women with FHF during thirdmiester of

pregnancy had the highest mortality rate (56%)x{Jal, 2001].

In a study on 97 consecutive pregnant women ird ttrimester
with acute viral hepatitis (AVH) or FHF, HEV wadet leading cause in
47.4% of cases, including 36.2% of those with ungosated AVH and
75% of those with FHF .Twenty-four women died, utthg 18 with

HEV infection [Beniwal, 2003].
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Of 60 pregnant women with acute hepatitis testathduhe years
1997 and 1998 in Delhi at AIIMS, 22 (37%) had d&bte IgM anti-
HEV. Of the latter, 16 (72%) were in third trimastef pregnancy.
Fourteen of the 22 (64%) HEV-infected pregnant worinad FHF and all

died [Singh, 2003].

During April 1989 to April 1996, 180 persons [69 Imalll
female; age: mean £ SD [31.1 = 14.7 years] withtedwer failure in
Kashmir were studied. HEV was the cause in 79 #3.patients. The
study included 49 pregnant women; of them, 47 @H.had HEV

infection [Khuroo, 2003].

In another study done in bangalore by Mishra e6@§ patients
with hepatitis admitted to a hospital during1990Q2@vere evaluated for
IgM anti-HEV. Of these, 107 (72 male, 35 femalestée positive. The
case-fatality rate was 3.75% (4/107). The highegiakitis E rate was in

the age group of 21-40 years.

In a study conducted in Delhi by Patra et al am@a2@ pregnant
women with acute viral hepatitis, 60% of cases vaere to Hep.E. There
was higher rates of occurrence of FHF and of deattWomen with

hepatitis E than those in patients with hepatitie tb other causes.
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MATERIALS AND METHODS

TYPE OF STUDY:

CROSS- SECTIONAL STUDY

STUDY PLACE:

This study was done in the Department of Obstetrand
Gynecology, RSRM, Stanley Medical College and H@asjin association
with Department of Microbiology, and Medical Gasnterology,

Stanley Medical College and Hospital, Chennai.

PERIOD OF STUDY:

May 2015 — Sept 2015

SAMPLE SIZE:

200

Inclusion criteria

All the asymptomatic pregnant mothers age > 18whe were
attending the antenatal OPD and who were willingotovide written

informed consent were recruited for the study.
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Exclusion criteria:

Alcohol intake

Chronic drug intake

Past history of jaundice

Chronic medical comorbidities

Those who are not willing to give consent to pgrtte in the study.

PATIENT SELECTION:

The study was conducted among the asymptomaticnantg
mothers attending routine antenatal checkup in dépaiment of
Obstetrics and Gynecology, RSRM at Government 8yarmMedical
College and Hospital, Chennai for a period of Sithe from MAY 2015

to Sept 2015.

Population group were from in and around Chennai.

The study was explained in detail to the pregnamthers in their

local language and informed consent were obtained.
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All asymptomatic antenatal mothers Age >18 yrswhaweawilling
to give informed consent irrespective of their géshal age were

enrolled in the study.

No samples were repeated from the same patients.

200 asymptomatic pregnant mothers were selectéufstudy.

Blood samples were collected and serum was sepdirat@a them
to detect the presence of IgM and IgG antibodieBlE&Y and to detect

viral RNA by PCR.

Ethical consideration:

Ethical and research clearance was obtained frioen ethical
committee Stanley Medical College and Hospital ni*esion to conduct
the study was sought from the respective hosputiiaaities. Informed
consent was obtained in the local language of #tiemtbefore enrolment

into the study.

Statistical analysis:

The collected data was analyzed with Stata 12arer3o describe
about the data descriptive statistics frequencylyarsa percentage
analysis, cross tabulation were used for catedorieaables and the

mean and S.D were used. To find the significanaatagorical data Chi-
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Square test was used. In all the above statistoxds the probability

value .05 was considered as significant level.

Data collection

Details were obtained directly from the patientshwthe help of a
guestionnaire which dealt with information regagisocio demographic
data such as age, residential address, educatgtatls, profession,
socioeconomic status, source of drinking water tgpé of toilet facility
to analyze various factors that contribute for firevalence of HEV

infection in pregnant mothers in the particulargraphic area.

Sample collection:

Under aseptic precaution around 5 ml of blood samphs
collected from each patients by venipuncture acth®tal fossa, by using
23G needle. Blood was dispensed into a sterile tese without
anticoagulant. Samples were transported to the ddiotogy lab.Each
blood sample was allowed to clot and retract. Sesample was
separated from the clot as early as possible biyittegationat 2500 rpm
for five minutes to avoid hemolysis of the red ldazells. Samples were
duplicated and safely stored into 2 mL cryovialsiteming 50ul of

EDTA at -80°C deep freezer until tested.
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These set of serum samples were used for doingeotdELISA
(Enzyme Linked Immunosorbent Assay) to deteoth IgG and IgM

antibodies against Hepatitis E virus.

ELISA (Enzyme Linked Immunosorbant Assay)

ELISA was done with a commercial kit (Composed ®fahtigenic

regions derived from ORF2 and ORF 3)

1. DSI-EIA-ANTI-HEV-IgM-KIT

2. DSI-EIA-ANTI-HEV-IgG-KIT

This test was intended for the screening of sergM and IgG
antibodies against HEV. The test was performed raotg to the

instructions provided in the kit literature.

PRINCIPLE OF THE TEST:

The microtitre test wells were coated with HEVigans. Diluted
patients serum was into their designated wellspHEcific antibodies to
the antigen are present in the patient serum, gképind to each other in
the wells during the incubation period. When thet igells are washed
unbound antibodies are removed. Microtitre plats vegpped over tissue
paper to get rid of the excess washing solutiotudybles in the plate

formed during the washing procedure.
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To this microtitre plate, freshly prepared enzynwmjogate was
added to all the plates including PC and NC. If #migen antibody
complex had formed in the well during the first ubation, enzyme
conjugate will specifically binds to it. Again sewbset of washing was
repeated and to this a chromogen substrate wagladitie peroxidase
enzyme present in substrate will catalyse the i@adhat consumes
peroxide and turns the chromogen from clear to.bAdgition of stop
solution end the reaction and turns the blue cotoua bright yellow

colour. The reaction can be read with an ELISA ezad

MATERIALS AND EQUIPMENTS REQUIRED

1. Purified water

2. Pipettes to measure and dispense 10, 50, 90, 100
3. Pipette tips

4. Incubator at 37.0+1.0 C

5. Automated microplate washer

6. Microplate reader equipped with 450nm

7. Disposable gloves

REAGENTS

1. 96 microtitre wells coated with HEV antigens

2. Wash buffer
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3. Sample diluent

4. Enzyme conjugate and diluent

5. TMB substrate and substrate buffer
6. Stop solution

7. Positive control (inactivated)

8. Negative control(inactivated)

HANDLING OF SPECIMENS

Plasma stored at -80°C was thawed for few minute40aC to

avoid fibrin precipitation.

AUTOMATIC MICROPLATE WASHER:

Washer was set up appropriately i.e. 380-400ul imgrkvashing

solution into each wells and soak time at leastelfbnds and aspirate.

PREPARATION OF THE REAGENTS

HEV —Ag COATED STRIPS

The foil bag was opened and the strips were remawnedlaced in
the microtitre plate. The strips were numbered #mel wells were
assigned with the respective samples with the biegpdata sheet. Before
initiating the assay all the strips were washedriz¢ with the automatic
microplate washer, as instructed in the manual.

50



PREPARATION OF WASH BUFFFER

To 50ml of washing buffer (concentrated 25 foldROQmlof
distilled water (1:25 ratio), was added and miXsardughly according to

the manual.

Note: the prepared working solution is stable fer days at

18-24°C or for 28 days when used in GLP condition.

PREPARATION OF THE WORKING CONJUGATE

Working conjugate was prepared just before thepestedure. To
0.65ml of conjugate (concentrated 21 fold), 13micohjugate diluent
(1:20 ratio)was added and thoroughly mixed untiutéd avoiding

foaming. Intensive mixing was avoided.

Note: it can be stored for 12 hours in the dark&P4°C

PREPARATION OF THE SUBSTRATE MIXTURE

The substrate mixture was prepared just before Ts€.65ml of
TMB (concentrated 21 fold), 13ml of substrate buff@:20 ratio) was

added and mixed thoroughly until diluted.

Note: substrate mixture is stable for 10 hours wétered in a dark

place at 18-24°C in a clean vial
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DS-EIA-ANTI-M ASSAY PROCEDURE:

ACCORDING TO THE MANUFACTURERS INSTRUCTIONS

BEFORE ASSAY

The coated strips was washed with working washilgtisn 2
times before the procedure. 380-400u of workinghivess solution was
added into each well during washing. Soak timeeastl 40 sec was kepit.
Automated microplate washer was used after ap@t@piset up. The
microtitre plate was tapped over tissue paper aasl wade sure that no
fluid or bubbles are left inside the wells as timegy adversely affect the
assay precision. Data sheet are made ready focaihieols and for the

samples.

1. 100ul of PC into one well and NC in 2 wells are edido their
designated wells.

2. 90ul of sample diluent and 10ul of test serum alded in rest of
the wells.

3. The plate was covered by a lid protective film.

4. The plate was incubate for 30 minutes at 37t1°thenincubator.

5. The contents was removed by washing the plate ftimés as

described above.
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6. 100ul of freshly prepared working solution of caygte was then
added into each wells.

7. Step 4 & 5 was repeated.

8. 100ul of freshly prepared substrate mixture wasedddto each
wells.

9. The plate was kept in a dark place for 20 minutds8e24°C

10.150ul of stopping reagent are added to all thetirepevells.

11.0Optical density at 450/620 nm using microplate ezadas used to

read the result immediately after adding stop smhut

For the assay to be valid:

PC > 0.6 and NC <0.2

CUT — OFF = AVERAGE OF NC + 0.200(coefficient — mhefd by

manufacturer during statistical processing for dath

INTERPRETATION OF RESULTS

Sample is NEGATIVE if OD < CUT — OFF

Sample is POSITIVE if OD CUT - OFF
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PREPARATION OF THE REAGENTS FOR IgG ANTI HEV

HEV —Ag COATED STRIPS

The foil bag was opened and the strips were remawnedlaced in
the microtitre plate. The strips were numbered #mel wells were
assigned with the respective samples with the tiedpdata sheet. Before
initiating the assay all the strips were washedriz¢ with the automatic

microplate washer, as instructed in the manual.

PREPARATION OF WASH BUFFFER

To 50ml of washing buffer(concentrated 25 fold),0Q&l of
distilled water (1:25 ratio), was added and miXsardughly according to

the manual.

Note: the prepared working solution is stable fdrdays at 18-

24°C or for 28 days when used in GLP condition.

PREPARATION OF THE WORKING CONJUGATE

Working conjugate was prepared just before thepestedure. To
0.65ml of conjugate (concentrated 21 fold), 13micohjugate diluent
(1:20 ratio) was added and thoroughly mixed untilitdd avoiding

foaming. Intensive mixing was avoided.
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Note: it can be stored for 12 hours in the dark894°C

PREPARATION OF THE SUBSTRATE MIXTURE

The substrate mixture was prepared just before Tsd.65ml of
TMB (concentrated 21 fold), 13ml of substrate buff&:20 ratio) was

added and mixed thoroughly until diluted.

Note: substrate mixture is stable for 10 hours wétered in a dark

place at 18-24°C in a clean vial

DS-EIA-ANTI-G ASSAY PROCEDURE:

ACCORDING TO THE MANUFACTURERS INSTRUCTIONS

BEFORE ASSAY

The coated strips was washed with working washilgtisn 2
times before the procedure. 380-400ul of workinghirag solution was
added into each well during washing. Soak timeeastl 40 sec was kepit.
Automated microplate washer was used after ap@t@piset up. The
microtitre plate was tapped over tissue paper aasl wade sure that no
fluid or bubbles are left inside the wells as timegy adversely affect the
assay precision. Data sheet are made ready focaihieols and for the

samples.
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1. 100ul of PC and NC in duplicates are added to tHesignated
wells.

2. 90ul of sample diluent and 10ul of test serum alded in rest of
the wells.

3. The plate was covered by a lid protective film.

4. The plate was incubate for 30 minutes at 37t1°thenincubator.

5. The contentswas removed by washing the plate foimés as
described above.

6. 100ul of freshly prepared working solution of caygte was then
added into each wells.

7. Step 4 & 5 was repeated.

8. 100ul of freshly prepared substrate mixture wasedddto each
wells.

9. The plate was kept in a dark place for 20 minutd<8s24°C.

10.50ul of stopping reagent are added to all the megetells.

11.0Optical density at 450/620 nm using microplate ezadas used to

read the result immediately after adding stop smhut

For the assay to be valid:

PC>0.6 and NC<0.2
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CUT — OFF = AVERAGE OF NC + 0.200(coefficient — itheid by

manufacturer during statistical processing for dath

INTERPRETATION OF RESULTS

Sample is NEGATIVE if OD < CUT — OFF

Sample is POSITIVE if OD CUT — OFF

57



OBSERVATION
AND
RESULTS



OBSERVATION AND RESULTS

Two hundred asymptomatic pregnant women attendmgine
antenatal clinic in a tertiary care hospital, wareluded in the study.
Blood samples were collected and serum was sepdrgteentrifuging at
2500 rpm. All the serum samples were stored to ctielgM, IgG
antibodies against hepatitis E virus from May 204 55eptember 2015.

Our observations are as follows:

The mean age group of the pregnant women was 24.354.
Among the 200 women 82.2 % fell under 21-30 yeége as described

in Fig 5.1

Age distribution of the study group n=200

N

m<20y m=21-30 =>30

Fig 5.1: Age distribution of the study group
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Among the women whom we studied, majority(49%) fallthe

second or third trimester (39%) as in fig 5.2

Distribution among trimesters n=200

£y

= 1st m2nd = 3rd

Fig 5.2: Distribution of the study women in different trimesters

There was equal representation primi and multigias depicted

by fig 5.3

Gravid state of the study group n=200

= primi = multi

Fig 5.3: Gravid status of the study group
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Majority of the members of the study group have plated higher

secondary education as shown in fig 5.4

Educational status of the study group n=200

10% 7% ‘

Illiterate  m elementary = high school = higher secondary graduate

Fig 5.4: Educational status of the study group

Majority of the pregnant women were from upper lowé%)

followed by lower middle (29%) as explained by 5id

Socio-economic status of the study group n=200

g/

Upper m Upper middle = lower middle = Upper lower Lower

Fig 5.5: Socio-economic status of the study group
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Majority of the population has been using Metroevgd61.5%) as
the source of drinking water, the rest using bofewed can water as

shown in fig 5.6 and 24.5% have been boiling theewbefore use.

Source of water of the study group n=200

&

)/

m metro water  m borewell water  m purified can water

Fig 5.6: Source of water of the study group

24.5% of the pregnant women did not have adequedmate

facilities at home as shown in fig 5.7

Drainage facilities at the home of the pregnant women
n=200

&

mYes mNo

Fig: Drainage facilities at home of the study group
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About 79.5 % responded positively when questionedut the
habit of had washing before food and after usintett@and 45.5 % of
women consumed non vegetarian food as depictedidy5.8, 5.9

respectively.

Habit of hand washing at the home of the pregnamh&n n=200

&

mYes mNo

Fig 5.8 Habit of hand washing at the home of the ggnant women

Drainage facilities at the home of the pregnant eom=200

m \Vegetarian m Non-vegetarian

Fig 5.9: Drainage facilities at the home of the prgnant women
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The results of Ig M and Ig G ELISA were analyzedhwespect to

the possible risk factors if HEV disease.

ELISA for Ig M was positive in 9 patients all withthe age group
of 21-30 y of age. Of the 9 positive women, 4 werienigravidae and 5
were multi-gravidae. These patients were equalsgriduted in all the
three trimesters. 7 of these patients were congumom vegetarian food
which reached statistical significance (p=0.04) &nghatients who tested
positive to Ig M ELISA did not wash their hands dref food and after
using toilet (p<0.05). 6 patients were using metrater for drinking
(p=0.94) and 7 of them did not boil the water befdrinking (p<0.05).
While we analyzed the sanitary facilities and Igpisitivity, we found
that seven of the 9 positive patients did not hadequate drainage
facilities at home (p < 0.05). Majority of the patts who turned positive
were llliterates (p<0.05) and 5 were belonginghte® apper lower class of
modified Kuppusamy socio economic status scale @3I505) and the

results are depicted in fig 5.10-5.13

ELISA for Ig G was positive in 13 patients and nmayowithin the
age group of 21-30 y of age. Of the 9 positive wom& were
primigravidae and 6 were multi-gravidae. Majoritiytbe sero positivity
occurred in % trimester (p=0.05). 9 of these patients were cairsg non
vegetarian food which reached statistical signifae (p=0.07) and 9
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patients who tested positive to Ig G ELISA did medsh their hands
before food and after using toilet (p<0.05). 8 @ails were using metro
water for drinking (p < 0.05) and 10 of them did boil the water before
drinking (p<0.05). While we analyzed the sanitaagilities and Ig M

positivity, we found that six of the 13 positivetigats did not have
adequate drainage facilities at home (p =0.06)cktional status did not
differ within the positive population (p=0.90) aGdvere belonging to the
upper lower class of modified Kuppusamy socio eoaunostatus scale

2015(p<0.05) and the results are depicted in fig5.16

Ig M positivity and dietary habits n=200

90
80

70
60 56.02

50

40

30 22.2

20

.
0

vegetarian Non vegetarian

77.78

43.98

% patients

Diet
p=0.04

MW IgM positive B IgM negative

Fig 5.10: Ig M seropositivity and dietary habits
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% patients

% patients

Ig M seropositivity and habit of hand washing n=200

100 88.89
90 82.72

80
70
60
50
40

30 17.28
20 11.11

: —
o I
Hand wash No hand wash

Habit of hand wash

M IgM positive B IgM negative <0.05

Fig 5.11: Ig M sero-positivity and habit of hand wahing

lg M sero-positivity and habit of boiling water loeé¢
drinking n=200

100

80

60

40

. ] ]
Yes No

Boiling water before use

W IgM positive B IgM negative p<0.05

Fig 5.12: IgM sero-positivity and habit of boiling

water before drinking
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w B w1 (o)) ~
o o o o o
% patients

N
o

10

% patients

lg M

upper middle

sero-positivity and socio-economic status scal
n=200

lower middle upper lower lower

_ _ . . <0.
Socio Economic Stat &/eM positive B IgM negative p<0.05

100
80
60
40
20

Fig: 5.

13: Ig M sero-positivity and 2015 modified

Kuppusamy'’s socio-economic status scale.

IgG positivity and habit of hand-washing

82.89
69.23
30.77
Hand wash No hand wash

Habit of Hand wash

< 0.
B IgG positive B Ig G negative p<0.05

Fig 5.14: Ig G sero-positivity and habit of hand wahing
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90

Ig M sero-positivity and habit of boiling water before
drinking n=200

79.14
80 76.92
70
@ 60
g 50
§ 40
R 30 23.08 20.86
20
0
Yes No
Boiling water before use B Ig G positive Mg G negative p<0.05
Fig 5.15: Ig M sero-positivity and habit of boiling
water before drinking
70 o . .
Ilg G sero-positivity socio-economic status n=200
60
50
40 £
o
30 S
X
20
10
, AN -

upper middle lower middle upper lower lower

Socio economic status scale

W IgG positive M IgG negative p <0.05)

Fig 5.16: Ig G sero-positivity and 2015 modified Kppusamy’s

SOcCIio-economic status scale
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DISCUSSION



DISCUSSION

Enzyme Linked Immunosorbent Assay (ELISA) is theokxgical
test available for antibody detection of both ddEVvV IgM and IgG of
hepatitis E virus infectionlt is highly sensitive, inexpensive and a

practical method for detection of HEV antibodies.

The population included in this study were asym@tenpregnant
women who comes for routine antenatal checkup iteriary care

hospital. All patients were from different areasaimd around Chennai.

Sera of all the enrolled patients were analyzedtierpresence of
anti-HEV IgM and IgG antibody against hepatitis Eus by a
commercially available Enzyme Linked Immunosorbertssay

(DSI - EIA - ANTI - HEV - M; DSI - EIA - ANTI - HEV - G)

ANALYSIS OF HEV SEROPOSITIVITY

We found totally4.5% (9/200)IgM and 6.5% (13/200)IgGsero
prevalence in asymptomatic pregnant women. Conugrithe Sero
prevalence of hepatitis E virus infection in asyompatic pregnant
women, results of this study were similar to 5.68860 prevalence of
IgG a report given by Daniel et al (2004) at Vetldrom 600 samples

including blood donors, antenatal mothers and frpne-operative
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patience. And also coincides with other studiemfsmuth India with 8%

anti HEV seropositivit

9.00% — o4 prevalence of anti IgG HEV in various studies
8.00%

7.00%

6.00% -

5.00% -  Our study

4.00% - M Daniel et al

3.00% - B Nargis et al
2.00% -

1.00% -

0.00% -

Various studies done in pregnant population

Fig 6.1: % prevalence of anti IgG HEV in various stidies

And other studies from Pune and Lucknow documemteduch
higher prevalence in adult populatictd%-50%). But the seroprevalence
of this study is also comparable to the 3.6% senmience of hepatitis E
in pregnant women in Madrid, Spain and 6.6% sexalemce of IgG
antibodies to HEV reported in pregnant women imddctvith HIV in

Gabon and central Africa
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Table 6.1 % prevalence of anti IgG HEV in various sidies in India

Sample _
Author Year Place _ Prevalence Population
size
. Asymptomatic
Khuroo et al 1994 Kashmir 40 5% .
healthy children
Healthy general
Arankalle et al 1995 Pune 1602 23.62% _
population
Healthy general
Aggarwaal et al 1997 Lucknow 95 59.25% .
population
General
New :
Das et al 2000 Delh 500 35.6% population
elhi
sporadic AVH
New Children with mild
Mathur et al 2001 _ 2070 26.25% o
Delhi non-hepatic illness
Mohanavalli et al 2003 Chennaj 185 9.5% Healthydean
_ Blood donors and
Daniel et al 2004 Vellore 600 5.62%
pregnant women
_ _ Asymptomatic
Nargis et al 2009 New delhi 300 33.67
pregnant women
Asymptomatic
Our study 2015 Chenna 200 6.5%
pregnant women

AGE DISTRIBUTION

The study group included in asymptomatic pregnamthers

wereaged 18-35 years with the mean agedof3/ears. According to the

study carried out by Shams et al, out of 65 pregwamen, the mean age

70



was 25 yeaf8. Nargis Begum et al mean age of the 300 asymptomat

primigravida were21.92 + 2.66/ears (range 18-35%)

All cases of IgM HEV and majority of Ig G sero-pedence were
reported in the age between 21 and 30 years asdnilght be attributed

to the predominant population group that has baeties.

Table 6.2 HEV and Mean Age

Study Population studied Mean age Comments

_ Asymtomatic
Nargis et al 21.92 + 2.66
pregnant women

: Both falls within the
Asymtomatic

Our study 24.12 +3.64 age of 21-30 years
pregnant women

GRAVIDA

Among 200 asymptomatic pregnant patientS5% were
primigravida, 45% of them were multigravida. Conegghr to
primigravida, 2° and multi gravida were less in number. Most ofithe
were in their second and third trimester of preggamccording to
Nargis Begum et al mean period of gestation waB6192.25 wk with a

range of 16-24 wk

Seropositivity of pregnant women of different gaivere equally
distributed in different gravida. This result wasdontrast to the study

done by Cosme et al, where seropositivity of hépatt were in
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association with number of pregnancy though thesaeawvas not yet

clear®.

EDUCATIONAL STATUS

Out of 200 asymptomatic pregnant womé#o of them were
illiterates Majority of them have studied up to liég secondary school.

Diploma holders among asymptomatic pregnant wonenanly 106.

Though IgG positivity was common in illiterates, Ggero-
prevalence did not differ much by the differenceenfucational status.
This study results were similar according to Coghal observation, in

which he states that there was no positive associatith the education

status and HEV seropositivify But the results were contrary to the study

done by Sekan et al, according to which educatesems to be the only

risk factor for HEV seroprevalenée®

Table 6.3 HEV and Educational Status

Percentage of Comments
Study Population illiterates with
positive IgG
. Asymptomatic " :
Nargis et al Pregnant women 80.6 Lower Ig G positives in
illiterates than the abov
_ study
our study Asymptomatic 44.4 I'3ut.d|d not decrease
Pregnant women with increasing level of
education (p=0.90)

(1}
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SOCIOECONOMIC STATUS

According to the Kuppusamy'’s criteria, abod6,%7%, 29% and
9% were in the lower, upper lower, lower middle aqger middle class
of socioeconomic status respectively. Majority leérh were in the upper
lower class. Clubbing patients with upper lower doder, there were
33% of women from lower socio-economic status agrd-positivity of
IgG and Ig M were significantly more positive thianthe higher groups

(p<0.05). The results are similar to the study cmbeld by Nargis et al.

No seropositive cases were seen in the lower grofp
socioeconomic status. And this cannot be alwayes lecause out of 200
pregnant women only 5% of them were in the loweveleof
socioeconomic status in the study population. Adicgy to Nargis et al

socioeconomic status appeared to be the risk faftorlgG sero

prevalence.
Percentage of women
_ ) Comments
_ with lower socio-
Study Population _
economic status &
positive IgG
_ Asymptomatic Similar increase in
Nargis et al 48.5 o
Pregnant women positivity with
Asymptomatic declining socio-
Our study 33 .
Pregnant women economic status
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FOOD HABIT AND USE OF BOILED WATER

Out of 200 asymptomatic pregnant wonte4? of the pregnant
women were following non-vegetarian diet wherealy @%% of them

were vegetarian.

24.5% of the pregnant women were using boiled water eder
majority ie., 75.5% of them used water without boiling. These results
were in contrast to Cosmo Alvarado et al where aheve risk factors

were not associated with sero-positivity.

Majority of sero-positive patients were consumimgn-vegetarian
diet which shows that the asymptomatic pregnant &ofollowing Non-
vegetarian dietary habit were predominantly assediawith HEV
seroprevalence. This high prevalence may be dueotsumption of
undercooked meat. According to Rakesh et al HEV-RN&Ss been
detected from domestic swine in their faeces asd &EV antibodies

have been detected in the sera of cattle, shegpapid rodents

Most of the HEV positive pregnant women i.e., we using
boiled water for drinking. This shows, it may bé&ted to HEV positivity

as boiling can inactivate HEV
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But from the above result, no positive associatwas found
between source of drinking water and use of boweder with HEV
positivity. Similar observation was documented msfeet af and also

agrees with results found in other stulfles
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SUMMARY



SUMMARY

Asymptomatic pregnant women attending routine attdrcheck
up in a tertiary care hospital were enrolled arel dbservational study
was conducted between “May 2015 and September 201Bal of 200
pregnant mothers were selected and evaluated mestignnaire which
dealt with information regarding socio demograptlata such as age,
residential address, educational status, professimmrioeconomic status,
source of drinking water and type of toilet fagiliSerum samples were
collected and serological test was done using ELi&Aetect anti-HEV
IgM and IgG antibodies and were done accordinghéoranufacturer’s

instruction.

In the present study, out of 200 asymptomatic paagmwomen
majority of them were seen in the age group of @XBean age 24.15).
Most of them were in the "2 and ¥ trimester of pregnancy.
Primigravidae outnumbered multi gravida. Educati@tatus of most of
the pregnant women was till higher secondary schGoaduates and
illiterates were almost in equal percentage. Mdshe pregnant mothers

belong to upper lower class.

In this study we found totall$.5% of IgM and6.5% of IgG sero

prevalence in asymptomatic pregnant women. Mosh@fpositive cases
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were in the age group 21-30. Sero prevalence wadyhassociated with

women not having a habit of hand washing, not lgpalequate drainage
facilities, who are consuming non vegetarian doetpr socio-economic
status. Analysis of anti HEV sero prevalence withe,agravida,

educational level, however revealed no signifiasgociation. Our study
was in contrast to the results of Cosme et al va@fipect to hand washing,
educational level, socio-economic status, conswonpdf untreated water
and undercooked meat. Our study had similaritieth nwespect to age,
socio-economic status and in contrast with respeeducational status,
non-vegetarian diet, hand washing, boiling of watesr studied by

Nargiset &.
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CONCLUSION



CONCLUSION

1) In India many factors are favorable for the trarssiain of the disease
like low socioeconomic status, poor hygiene and Iwvel of
education.

2) The seroepidemiology of hepatitis E virus infection pregnant
women is largely unknown in different states iniénd

3) Thus it is desirable to determine the magnituddepatitis E virus
seroprevalence in pregnant women so as to conbif®t as one of
the public health problem and also for the ideahplng of preventive
measures against hepatitis E infectionin our area.

4) From the present study we conclude that thererig logv prevalence
of anti HEV IgM and IgG antibodies among asymptamategnant
women when compared with study results of northalnd

5) Further studies with more numbers and improvemeftie molecular
testing will be an important research protocol.

6) Role of HEV vaccination is currently questionabielmdia at present
may throw better insights into the HEV epidemiology

7) Improved sanitation, boiling water for drinking fesavashing practices
will go a long way in the eradication of this submal infection

which can be deadly during the later trimesterrefjpancy.

78



BIBLIOGRAPHY



BIBLIOGRAPHY

. The leading cause of acute viral hepatitis in tlogldv

. Seroprevalence of subclinical HEV infection in pragt women
from north India: A hospital based study-Nargis &®g Salam
Gyaneshwori Devi, Syed A. Husain- Received Septerdp2008.

. Min Liul, Yili Chenl, Zhengyu Shen2 and Hongxu-Cargtive
clinical study on diagnostic detection of hepatiis/irus between
nested polymerase chain reaction (PCR) and seoalodests
August, 2013 African journal of Microbiology Reselar

. Hepatitis E an over view and recent advances iniceli and
laboratory research Journal of Gastroenterologytéewhtology

. Fields text book of virology

. Topley and Wilson text book of microbiology

. P. Vasickova, I. Psikal, P. Kralik, F. Widen, Z. bélek, |. Pavlik-
Hepatitis E virus: a review. VeterinarniMedicina?, 52007 (9):
365-384

. T. P. E. Williams, C. Kasorndorkbua, P. G. Halbiyidence of
Extra hepatic Sites of Replication of the HepatiE¥irus in a
Swine Model Journal Of Clinical Microbiology Se®001, p.

3040-3046.



9. Malcolm Banks, Richard Bendall, Sylvia GriersoEmerging
Infectious Diseases * www.cdc.gov/eid « Vol. 10, BpMay 2004

10.Nicole PAVIO1, Xiang-Jin MENG, Christophe- Zoonohepatitis
E: animal reservoirs and emerging risks

11.Nicholas John Ashbolt - Microbial contaminationdoinking water
and disease outcomes in developing regions. Tamggol198
(2004) 229-238

12 Robert H. Purcell and Suzanne U. Emerson- HiddemgBa The
Raw Facts about Hepatitis E Virus

13MS Khuroo MD Riyadh, Saudi Arabia- DISCOVERY OF
HEPATITIS E VIRUS - THE UNTOLD STORY

14 Mohammad Sultan Khuroo, SaleemKamii, ShahidJamésttical
transmission of hepatitis E virus

15Patrick G. Halbur, ChaiyanKasorndorkbua, Xiang-Jemg-
hepatitis E virus

16 Scientific Committee on Enteric Infections and Hooadhe
Diseases Epidemiology and Prevention of Hepatitis E

17 Toshinori Tanaka, Masaharu Takahashi, EijiKkusanevdlopment
and evaluation of an efficientcell-culture systeon Hepatitis E
virus

18.SerkanOncu, SelcenOncu, Pinar Okyay- Prevalence rasid

factors for HEV infection in pregnant women



19.Dr. Udayakumar Navaneethan, MD, Dr. Mayar Al MohhaMD, -
Hepatitis E and Pregnancy- Understanding the patineg)s

20. A. Kumarag*, M. Beniwala, P. Karb, J.B. Sharmaa, N.S. Murthyc
Hepatitis E in pregnancy22 July 2003.

21 Persistent Carriage of Hepatitis E Virus in Pasemh HIV
Infection

22.The Two Faces of Hepatitis E Virus-22 July 2003

23 Andrew A Adjei, Yao Tetteyl, John T Aviyase -HefatE virus
infection is highly prevalent among pregnantwomen Accra,
Ghana

24 Alain B. Labrique, Shegufta S. Sikder, Lisa J. KraKeith -
Hepatitis E, a Vaccine-PreventableCause of Matddealkhs

25.Silvia Sookoian-Symposium on liver & pregnancylLivéisease
during pregnancy:acute viral hepatitis Annals opatelogy 2006;
5(3): July-September: 231-236Annals of Hepatology

26 WHO Prevention &Control of Viral Hepatitis Infectio :
Framework for Global Action

27Zakim and boyer's text book of liver diseases-Dags and
Detection of HEV

28. Padma billam et al- mechanism of pathogenesig@piccation of
an Avian strain of the hepatitis E virus in a cleickmodel.

29.HEV - background



30.Monica Mateus, ZekiaNeves, Ana Arauja-fulminantdiéfs E in a
pregnant women-

31 Hepatitis E- august 2009 TRANSFUSION

32.Sandra Rodrigez, William D. Carey-Hepatitis E anolewg
disease

33Min Liul, Yili Chenl, ZhengyuShenandHongxu Xu-Comrgiave
clinical study on diagnostic detection of hepatiis/irus between
nested polymerase chain reaction (PCR) and secallogists

34 M. Herremans,* E. Duizer, E. Jusic, and M. P. G.opmans-
Detection of Hepatitis E Virus-Specific ImmunogldbuA in
Patients Infected with Hepatitis E Virus Genotyper B

35 Hepatitis E Virus (HEV) Strains in Serum Samples ®eplicate
Efficiently in Cultured Cells Despite the Coexistenof HEV
Antibodies: Characterization of HEV Virionsin Blo&@irculation

36 Hepatitis E Virus Antibodies in Patients with ChionLiver
Disease

37 ldentification of Genotype 3 Hepatitis E Virus (HEWh Serum
and Fecal Samples from Pigs in Thailand and Mextere
Genotype 1 and 2 HEV Strains Are Prevalent in tlespRctive

Human Populations



38 Prevalence of Antibodies to Hepatitis E Virus int&earians
Working with Swine and in Normal Blood Donors iretlunited
States and Other Countries

39.Silent hepatitis E virus infection in Dutch bloodmbrs, 2011 to
2012

40Use of Serological Assays for Diagnosis of HepatiEVirus
Genotype 1 and 3 Infections in a Setting of Low &ndtity

41 Jun Inoue- Analysis of human and swine hepatitigirds(HEV)
Isolates of genotype 3 in Japan that are only81%88imilar to
reported HEV isolates of thesame genotype oveefitiee genome

42 Czech Republic Petra Vasickova, Michal Slany, Paviealupa,
Michal Holub, Radek Svoboda, and Ivo Pavlik -Datectand
Phylogenetic Characterization of Human Hepatitiilds Strains.

43 Detection and characterization of infectiousHematt virusfrom
commercial pig livers sold inlocal grocery stoneshe USA

44 Rakesh AggarwalEShahidJameel- Hepatitis E vaccine

45 Pathogenesis and Treatment of Hepatitis E Viruschidn

46.Sporadic acute or fulminant hepatitis E inHokkaidapan, may be
food-borne, as suggested by the presence of hegdantrus in pig
liver as food

47 Rabbit as a Novel Animal Model for Hepatitis E \Arinfection

and Vaccine Evaluation



48.Swine Fact Sheet

49.0pen reading frame structure analysis as a novebdtgeing tool
for hepatitis E virus and the subsequent discowdnan inter-
genotype recombinant

50.Zoonotic hepatitis E: animal reservoirs and emeygisks

51 A serological immunoassay for Hepatitis E virus {HEliagnosis
1 based on genotype 3 Open Reading frame-2 (ORF-2)
recombinant 2 proteins produced in Trichoplusanie.

52 Challenges in diagnosis of Hepatitis E virus itifats

53.Diagnosis of HEV infection by serological and raéale PCR
assays: a study on acute non-A-C hepatitis collefrttam 2004 to
2010 in Italy

54 Serologic Assays Specific to Immunoglobulin M Amwmtiles
against Hepatitis E Virus: Pangenotypic Evaluatioof
Performances

55.Cosme Alvarado-Esqivel, luis F - Hepatitis E viresposure in
pregnant women in rural Durango, Mexico.Annals gbdtology

56.Alain B. Labrique, * K. Zaman , Zahid Hossain , iRelenduSaha,
Mohammad Yunus-Population Seroprevalence of Hep&ivirus
Antibodies in Rural Bangladesh

57 Christopher M .Howard , * Thomas Handzel , Vincént Hill ,

Scott - The American Society of Tropical MedicinedaHygien



Novel Risk Factors Associated with Hepatitis E gidafection in
a Large Outbreak in Northern Uganda: Results fronCase-
Control Study and Environmental Analysis

58el-Zimaity DM, Hyams KC, Imam 1Z, Watts DM, Bassily
S, Naffea EK, Sultan Y, Emara K, Burans J, Purdy ,MA al-
Acute sporadic hepatitis E in an Egyptian pedigiopulation.

59.Surajudeen A. Junaidl,2, Samuel E. Aginal and HKduadA.
Abubakar- Epidemiology and Associated Risk Factaf
Hepatitis E Virus Infection in Plateau State, Nige2001 Jul-
Sep;13(3):31-5.

60.Shams R Khero RB, Ahmed T, Hafiz A-Prevalence of hepatiti

E virus (HEV) antibody in pregnant women of Karachi



ANNEXURES



PROFORMA

DATE:
NAME: AGE:
OBSTETRIC CODE:

LMP: EDD:

ADDRESS & CONTACT NO:

PRESENTING COMPLAINTS:

MENSTRUAL HISTORY :

Married since:

OBSTETRIC HISTORY:

PAST HISTORY:

PERSONAL HISTORY:
Vegetarian/ Non vegetarian:
Habit of hand washing:
Personal hygiene:

SOCIO-ECONOMIC HISTORY:

OP No:



Place of residence:
Duration of settlement:
Source of water:
Sewage disposal:
Educational level:
Profession:

Per capita income:
Socio-Economic Status:

GENERAL EXAMINATION:

HT: WT: EMP: PR: BP:
PALLOR: ICTERUS: PEDAL EDEMA:
CVS: RS:

P/A:

P/V:

INVESTIGATIONS:

Hb:

RBS:

Urine albumin:

BLOOD GROUP:

RFT:

Urea

Creatinine

Na

K



LFT:

Br/D

SGOT/PT

ALP

PT/INR

IgM Anti-HEV ELISA:

IgG anti-HEV ELISA:

Quantitaive Real time PCR of HEV RNA



96 well MICROTITRE PLATE

DATA SHEET

10

11

1]

NI

PC

S6

S14

1 S22

S30

S38

S46

S54

S62

S70

S78
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S55
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S79

S87

NC
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S16

S24

S32

S40
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S64
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S88

S1

S9

S17
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S33
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S49

S57

S65
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S89

S2

S10

S18

S26

S34

S42

S50

S58

S66

S74

S82

S90

S3

S11

S19

S27

S35

S43

S51

S59

S67

S75

S83

S91

S4

S12

S20

S28

S36

S44

S52

S60

S68

S76

S84

S92

I @ T m O O W >

S5

S13

S21

S29

S37

S45

S53

S61

S69

S77

S85

S93

PC — Positive control

NC — negative control

IC — Internal control



NATURE ONATURE OF THE REAGENTS:
HEV Ag coated strips:

Polystyrene stripped 96 wells plate (breakable}embavith mix of

recombinant antigens of HEV. Stored at 2-8° C wexpiration date.

Sample diluent:

Transparent or slightly opalescent liquid, vidbate coloured,
sediment may form which completely dissolves atkstta Preserving

agent: 0.01% thimerosal. Store at 2-8° C until eatfon date.
Conjugate concentrated 21-fold:

Monoclonal mouse antibodies against human IgM, lethb
horseradish peroxidase. Transparent or slighthiespant liquid, light
yellow colored. Preserving agent: 0.04% ProClin,3004% gentamycin

sulfate. Store at 2-8° C until expiration date itmgatly sealed vial
Conjugate diluent:

Transparent, yellow liquid at temperature of 26° opalescent
yellow color liquid at temperature of 18-24°C. @msng agent:
Preserving agent: 0.01% thimerosal. Store at 2-8hil expiration date

in a tightly sealed vial.



Positive control:

Heat inactivated human serum positive for anti-HEgWM, negative
for anti-HIV-1,2, HBsAg and anti-HCV. Transparentr lightly
opalescent liquid, red colored. Preserving ager@4% ProClin 300,
0.1% sodium azide. Store at 2-8°C until expiratiate in a tightly sealed

vial.
Negative control:

Heat inactivated human serum positive for anti-HEWM, negative
for anti-HIV-1,2, HBsAg and anti-HCV. Transparentr clightly
opalescent liquid, green colored. Preserving ageii% thiomersal ,
0.1% sodium azide. Store at 2-8°C until expiratiate in a tightly sealed

vial.
Washing solution (concentrated 25 fold)

Transparent or slightly opalescent liquid, colssleor pale yellow,
sediment may form that dissolves at 35-39°C an#isgaStore at 2-8°C

until expiration date in a tightly sealed vial.
Substrate buffer:

Citric acid and sodium acetate solution, pH 43,-Zontaining
H,O,. Transparent colorless liquid. Preserving age®®% ProClin 300.

Store at 2-8°C until expiration date in a tighthaked vial.



TMB concentrated 21- folds:

Solution containing Tetramethylbenzidine (TMB). alisparent
colorless liquid. Store at 2-8°C until expiratioate in a tightly sealed

vial.
Stopping reagent:

0.2M/L sulphuric acid solution. Transparent catsd liquid. Store

at 2-8°C until expiration date in a tightly sealeall.
DS-EIA-ANTI-G

NATURE OF THE REAGENTS:

HEV Ag coated strips:

Polystyrene stripped 96 wells plate (breakable}embavith mix of

recombinant antigens of HEV. Stored at 2-8° C wexpiration date.
Sample diluent:

Transparent or slightly opalescent liquid, vidbate coloured,
sediment may form which completely dissolves atkstta Preserving

agent: 0.01% thimerosal. Store at 2-8° C until eatfon date.
Conjugate concentrated 21-fold:

Monoclonal mouse antibodies against human IgG,lethb

horseradish peroxidase. Transparent or slighthespant liquid, light



yellow colored. Preserving agent: 0.04% ProClin,3004% gentamycin

sulfate. Store at 2-8° C until expiration date itmgatly sealed vial

Conjugate diluent:

Transparent, yellow liquid at temperature of 26° opalescent
yellow color liquid at temperature of 18-24°C. Rmesng agent:
Preserving agent: 0.01% thimerosal. Store at 2-8hill expiration date

in a tightly sealed vial.

Positive control:

Heat inactivated human serum positive for anti-HE, negative
for anti-HIV-1,2, HBsAg and anti-HCV. Transparentr lightly
opalescent liquid, red colored. Preserving ager@4% ProClin 300,
0.1% sodium azide. Store at 2-8°C until expiratiate in a tightly sealed

vial.

Negative control:

Heat inactivated human serum positive for anti-HEG, negative
for anti-HIV-1,2, HBsAg and anti-HCV. Transparentr lightly
opalescent liquid, green colored. Preserving agerti% thiomersal,
0.1% sodium azide. Store at 2-8°C until expiratiate in a tightly sealed

vial.

Washing solution (concentrated 25 fold)



Transparent or slightly opalescent liquid, colssleor pale yellow,
sediment may form that dissolves at 35-39°C an&isbaStore at 2-8°C

until expiration date in a tightly sealed vial.
Substrate buffer:

Citric acid and sodium acetate solution, pH 43,-Zontaining
H,O,. Transparent colorless liquid. Preserving age®5% ProClin 300.

Store at 2-8°C until expiration date in a tighthaked vial.
TMB concentrated 21- folds:

Solution containing Tetramethylbenzidine (TMB). alisparent
colorless liquid. Store at 2-8°C until expiratioaté in a tightly sealed

vial.

Stopping reagent:

0.75 M/L sulphuric acid solution. Transparent cl@ss liquid.

Store at 2-8°C until expiration date in a tighthaked vial.



Kit contents “?:oa

1. HEV-Ag Coated Strips 1 plate

2. Conjugate (concentrated 21-fold) 0.75ml 1 viai
3. Positive Control, Inactivated 1.2ml 1 vial
4. Negative Control, Inactivated 2.5ml 1 vial
85 Sample diluent 125mi 1 vial
8. Conjugate diluent 135ml 1 vial
7. Washing Solution (concentrated 25-fold) 50.0 ml 1 vial
8. Substrate Buffer 250mi 1 vial
8. TMB 25ml 1 vial
0. Stopping Reagent ) 250ml 1 vial

"DS-EIA-ANTI-HEV-M"
EMZYME IMMUNOASSAY FOR
THE DETECTION OF igMm
ANTIBODIES TO
HEPATITIS E VIRUS

040055 E-152

g Code: 2.1.GB
2016-05-30




INSTITUTIONAL ETHICAL COMMITTEE,
STANLEY MEDICAL COLLEGE, CHENNAI-1

Title of the Work : Seroprevalance of Subclinical Hepatitis E in Pregnancy.

Principal Investigator : Dr. Vinitra.D

Designation : PGMS(O&G)

Department : Department of O & G

Government Stanley Medical College,
Chennai-01

The request for an approval from the Institutional Ethical Committee

(IEC) was considered on the IEC meeting held on 10.06.2015 at the Council
Hall, Stanley Medical College, Chennai-1 at 2PM

The members of the Committee, the secretary and the Chairman are

pleased to approve the proposed work mentioned above, submitted by the
principal investigator.

The Principal investigator and their team are directed to adhere to the

guidelines given below:

1.

2,

6.

You should inform the IEC in case of changes in study procedure, site
investigator investigation or guide or any other changes.

You should not deviate from the area of the work for which you applied
for ethical clearance.

You should inform the IEC immediately, in case of any adverse events
or serious adverse reaction.

You should abide to the rules and regulation of the institution(s).

You should complete the work within the specified period and if any
extension of time is required, you should apply for permission again
and do the work.

You should submit the summary of the work to the ethical committee
on completion of the work.

MQM o,

MEMBER SECRETARY,
IEC, SMC, CHENNAI
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CONSENT FORM

| agree to participate in the study entitled “A dstuon the
assessment of prevalence and severity of Hepditisnfection in

pregnancy”

| confirm that | have been told about this studynny mother

tongue and have had the opportunity to clarify royluts.

| understand that my participation is voluntary amday refuse to
participate at any time without giving any reasans without affecting

my benefits.

| agree not to restrict the use of any data orlteshiat arise from

this study.

Name of the participant :

Sign / Thumb print:

Sign of Investigator :
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