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Abstract
Viral hepatitis is caused by a heterogenous group of viral agents representing a wide
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but only a subset are delineated as ‘hepatitis viruses' based upon their primary site of
replication and tropism for hepatocytes which make up the bulk of the liver cell popu-
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lation. Since their discovery, beginning with the agent that caused serum hepatitis in
the 1960s, the alphabetic designations have been utilized. To date, we have five hepa-
titis viruses, A through E, though it is postulated that others may exist. This chapter
will focus on those viruses. Note that hepatitis D is included as a subset of hepatitis
B, as it cannot exist without concurrent hepatitis B infection. Pregnancy has the po-
tential to affect all aspects of these viral agents due to the unique immunologic and
physiologic changes that occur during and after the gestational period. In this review,

we will discuss the most common viral hepatitis and their effects during pregnancy.
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1 | HEPATITIS A VIRUS

may be much higher, as milder cases are under-reported.® HAV infec-
tion is prevented by a safe and effective vaccine.*
1.1 | Introduction

1.1.1 | Virology and pathogenesis of HAV

Globally, hepatitis A virus (HAV) is a common cause of acute viral hep-
atitis. It is highly endemic in Middle East, North Africa, Sub-Saharan

Africa, South and Central Asia and Latin America. HAV is a single-
stranded RNA virus that belongs to the Picornaviridae family. Infection
with HAV is mainly self-limited and rarely causes life-threatening com-
plications, with an estimated mortality rate of 0.3% to 0.6% which may
increase to 1.8% in adults older than 50years.2 It is estimated that 1.5

million new cases are reported annually; however, the true incidence

HAV is a single-strand positive sense RNA virus belonging to
Hepatovirus genus, Picornaviridae family.r HAV consists of 6 geno-
types. Genotypes | to Il infect humans.”® There are two infectious
forms of HAV existing in the host: naked virions that are shed in the
faeces and quasi-enveloped virions that circulate in the blood. The

synthetic genome length RNA is also infectious.>¢

Abbreviations: AASLD, American Association for the study of liver disease; AVH, Acute Viral Hepatitis; CMI, Cell-mediated Immune; DAAs, Direct-Acting Anti-viral; EASL, European
association for the study of liver; FHF, Fulminant Hepatic Failure; HAV, hepatitis A virus; HBV, hepatitis B virus; HCC, hepatocellular cancer; HCV, hepatitis C virus; HDV, hepatitis D virus;
HEV, hepatitis E virus; HIV, human immunodeficiency virus; ICP, Intrahepatic cholestasis of pregnancy; IFN-g, Interferon-Gamma; |G, immunoglobulin; IL28B, Interleukin 28B; IVDU,
intravenous drug use; NK, Natural Killer; ORFs, Open Reading Frames; PEP, post-exposure prophylaxis; PHA, Phytohemagglutinin; Th, T helper; WHO, World Health Organization.
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HAV is not directly cytopathic to hepatocytes, and the liver in-
jury is mainly due to the host immune response. Viral clearance after
the primary infection is achieved by cellular immunity, whereas hu-
moral immune response is responsible for protection and prevention
of infection. Individuals with defects in cellular immune response,
as in human immunodeficiency virus (HIV) infection, can produce
longer viral shedding with high infectivity, but without an apparent

increase in the severity of symptoms.5

1.2 | HAV Epidemiology

1.2.1 | Mode of transmission

HAV infection is common in developing countries with poor hygiene
and sanitation systems. Faecal contamination of food and water sup-
plies is the main cause of infection in early childhood with a mild form
of the disease.” HAV is transmitted via the faecal-oral route either by
direct contact with an infected person or indirectly by ingestion of con-
taminated water and food, especially raw and undercooked shellfish.8?
The incubation period for HAV is 15-50days, with a mean of 28 days.10
In a dried state, HAV can survive for more than 1week in ambient con-

ditions, and it can survive in fresh or salty water for up to 1year.*%*?

1.2.2 | Paradox of HAV epidemiology
It is estimated that HAV infects between 1 and 2 million people an-
nually>*® with low mortality rate of 0.3% to 0.6%.° Based on the
prevalence of anti-HAV IgG in human serum, the endemicity of HAV
is classified into low, intermediate and high levels.’

In high-endemic areas with poor sanitation, HAV is transmitted
mainly through water; therefore, more than 90% of the populations
have anti-HAV IgG by the age of 10years. In these settings, large
epidemics are paradoxically infrequent, as the majority of people are
immune due to mild HAV infection or acute hepatitis A during child-
hood as asymptomatic infection.”>*3

In intermediate-endemic areas, HAV infection transmission oc-
curs mostly through contaminated food and water and the preva-
lence of anti-HAV IgG is equal to or more than 50% by age 30 but
less than 50% at the age of 15years. The wide distribution of HAV
causes large-scale cyclic outbreaks.*>”

In low-endemic areas, HAV infection transmission occurs mainly
through food handlers, travel to high-endemic areas and with oral-
anal sex. Infection rates are very low, and less than 50% of people

older than 30 have immunity against HAV.?

1.2.3 | Effects of HAV on pregnancy

Although HAV infection is one of the most common causes of acute
viral hepatitis, it is rarely reported in pregnant women. Hence, there
are limited data on the incidence and outcome of HAV infection dur-
ing pregnancy.**®? The transmission of HAV from the mother to
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the foetus is uncommon, although there are numerous case reports
of vertical transmission, with 2 cases associated with meconium
peritonitis and perforation of the distal ileum requiring surgery.7'2°'21
Nosocomial spread is also possible from pregnant women and neo-
nates to other infants, adults or healthcare workers.

In general, no serious outcomes have been reported to be as-
sociated with HAV infection during pregnancy.*??> However, there
are some data that supports the relationship between HAV infection
and preterm labour, especially if HAV infection occurs in the second
or third trimester.”

There is some evidence that acute HAV infection during the third
trimester of pregnancy may be associated with some gestational
complications and premature labour. The gestational complications
associated with HAV infection include increased premature uterine
contractions, placental abruption and premature rupture of mem-
branes.” Fever and hypoalbuminemia are suggested as markers for a
more aggressive course of disease, leading to complications during
pregnancy.” The direct correlation between the gestational age at
diagnosis of HAV infection and the week of delivery suggests that
HAV is responsible for the early labour.”

Most infants born to mothers with HAV infection were not af-
fected and had normal antibody and transaminase levels. However,
in the rare cases in which mother-to-child HAV infection occurs, it
can be associated with foetal ascites, meconium peritonitis, neona-
tal icteric HAV infection and distal ileum perforation.23 Overall, no
mortality was documented among mothers and infants exposed to

HAV infection, with full resolution of the infection.?*

1.24 |
HAV

Breastfeeding and maternal transfer of anti-

Although mothers infected with HAV have anti-HAV antibodies and
HAV RNA in their breast milk, there is no evidence that breastfeed-
ing transmits HAV to suckling infants. Therefore, breastfeeding
should not be discouraged.25 The child could be further protected
from HAV infection through administration of immunoglobulin or
the inactivated vaccine.?*> When given to children <2years of age,
HAV vaccine induces seropositivity that could persist for at least
10years regardless of presence of maternal anti-HAV.?

Maternal anti-HAV IgG antibodies may persist well till the second
year of life, depending on the level of HAV endemicity and the av-
erage anti-HAV antibody levels in a given maternal population.?”%’
Timing is critical for efficient HAV vaccination in high-endemic areas
because high levels of maternal anti-HAV IgG antibodies present in
the first year of life may impede the vaccine response. Therefore, it
is recommended that young children in endemic areas should pref-

erably not be vaccinated against HAV before first year of age.2>3031

1.2.5 | Treatment and prevention

Although there is no specific therapy for hepatitis A% pre-exposure
and post-exposure prophylaxis are recommended. Pre-exposure
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prophylaxis against HAV infection by administration of HAV vac-
cine or immunoglobulins (IG) provides protection for unvaccinated
individuals who are working or travelling to countries with high or
intermediate HAV endemicity.32 Post-exposure prophylaxis (PEP)
with HAV vaccine or IG prevents infection with HAV when ad-
ministered within 2weeks of exposure.>*** The dose of IG and
the selection of HAV vaccine or IG depend on the age and the
immune status of the patient. HAV vaccine for PEP has several ad-
vantages over |G including ease of administration, greater accept-
ability and availability, induction of active immunity and longer
duration of protection.®> Liver transplantation may be an option
in the rare cases of fulminant hepatic failure’. Additionally, to re-
duce the risk of HAV infection during travel to endemic areas, it
is recommended to maintain hygienic practices such as frequent
hand washing with safe water, particularly before handling food,
avoiding drinking water or using ice cubes of unknown purity, and
avoiding eating unpeeled fruits and vegetables. Pregnant women
and women of reproductive age need protection against HAV be-
fore visiting HAV-endemic countries or underdeveloped countries

with poor sanitation and hygienic standards.’

1.2.6 | HAV vaccine

Hepatitis A virus vaccine is prepared from the inactivated virus and is
considered safe during pregnancy provided that there is a clear indi-
cation for giving HAV vaccine during pregnancy.32 Hepatitis A virus
vaccine is available both in a monovalent form and in combination
with hepatitis B virus. After 2weeks of the first dose of HAV vaccine,
about 70% of individuals develop protective levels of antibodies.*®
Therefore, giving HAV vaccine immediately before travel will ensure
adequate protection in most individuals, because the incubation pe-
riod for HAV is 15 to 50days. After receiving the second dose of
HAV vaccine, individuals will have adequate levels of antibodies that
will likely persist for at least 10 to 29 years or perhaps for life.>*

2 | HEPATITIS B

21 |
history

Transmission, epidemiology and natural

Hepatitis B is a member of the Hepadnaviridae family, which also
includes viruses that cause infections in the livers of woodchucks,
ground squirrels and ducks. Cross-species infection does not occur,
though primates are susceptible to human hepatitis B virus (HBV)
infection.®¢ Transmission is primarily through parenteral blood ex-
posure, sexual contact or spread vertically from mother to child dur-
ing/after delivery. Overall, the WHO estimates there are 257 million
people living with chronic HBV worldwide which contribute to the
development of cirrhosis and hepatocellular carcinoma, ultimately
leading to nearly 900,000 deaths/year. The highest prevalence of
disease is in Sub-Saharan Africa, Southeast Asia and the Eastern
Mediterranean regions. In these highly endemic regions, the disease

is maintained in the population by either maternal-foetal transmis-
sion or child-to-child spread. The risk of chronicity is highly related
to the age of acquisition, which is thought to be directly linked to
the maturation of the thymus and recognition of self vs. non-self
antigens. Regardless of the mechanism, rates of chronicity ap-
proach 100% following HBV infection in the neonatal period and
exceed 70% in early childhood.?” Post-puberty rates of chronicity
after acute infection are less than 1% except in immunosuppressed
persons.>®

The natural history of hepatitis B is complex. Acute infection
may lead to development of acute viral hepatitis, characterized by
development of jaundice, right upper quadrant pain, nausea, vom-
iting, anorexia, low-grade fever and fatigue. Serum transaminases
may peak in the thousands. Acute liver failure occurs in 1-2% of in-
fected individuals, typically in adults. Acutely infected children tend
to have less severe symptoms and may be asymptomatic. The incu-
bation period ranges from 4weeks to 5 months before symptoms
appear and liver enzymes rise. The clinical course of acute infection
generally resolves within 2 months, but development of chronicity
may lead to smouldering liver injury. Neonates and younger chil-
dren who acquire HBV have high rates of chronicity and may enter
an immunotolerant phase with high levels of replication (high HBV
DNA in serum) which can persist for decades. At some point over the
next 10-30years, a high percentage will pass into a more immunoac-
tive phase with immune-mediated liver injury. Some patients in this
phase will remain here for years while others will transition to a less
replicative stage with decreased liver injury or complete clearance
of active replication. Active disease is characterized by presence of
hepatitis B surface antigen (HBsAg) which is detected in the blood
of infected persons. The clearance of HBsAg represents functional
cure. However, with loss of immune function (e.g. steroid exposure
or chemotherapy) relapse may occur, as infected individuals harbour
cccDNA from the HBV virus in their hepatocytes. Some individuals
will develop functional cure but continue to produce HBsAg due to
incorporation of the coding portion of that gene into their host chro-
mosomes. Over time, active replicative infection leads to progres-
sive liver scarring (fibrosis) which will progress to cirrhosis and/or
development of liver cancer (HCC). The level of replication is closely
related to the HCC risk.*’

The prevalence of maternal HBV infection in the United States
was reported in the Nationwide Inpatient Sample study with data
collected between 1998 and 2011. Overall prevalence of HBV infec-
tion was 85.8 cases per 100,000 deliveries, with rates increasing in

all population subgroups over time.*°

2.2 | Acute and chronic HBV infection during and
after pregnancy

Development of an acute hepatitis during pregnancy is occasionally
observed, and HBV infection is part of the differential diagnosis.
In non-immune patients with risk exposures (sex, blood exposure),
the presentation is quite similar to that in non-pregnant persons.
However, the diagnosis could be delayed because symptoms like
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nausea/vomiting, fatigue and abdominal discomfort may be attrib-
uted to the pregnancy or to conditions like hyperemesis gravidarum
during the first trimester. Pregnancy alters immune function and as-
sociated liver injury. Therefore, chronic inactive and non-replicative
HBV infection in a woman who becomes pregnant is associated with
an increased risk of HBV flare, typically characterized by increased
levels of ALT and HBV DNA. Flares have been reported to occur
in over 10% of women with chronic hepatitis B. This risk is signifi-
cantly increased during the postpartum period. While levels of ALT
can be significant, most flares are relatively mild, with few leading
to hepatic decompensation. Jaundice can occur but the process is
generally self-limited. When flares occur, other aetiologies should be
considered including development of coinfection with hepatitis A, C,
D or E. Drug toxicity can sometimes be mistaken for a flare of HBV.

The linkage between HBV infection and other maternal compli-
cations of pregnancy including eclampsia, preterm labour and devel-
opment of gestational diabetes is uncertain, though some studies
support these associations.****2 If chronic hepatitis B has progressed
to cirrhosis, both maternal and foetal morbidity and mortality
may be increased. Cirrhotic patients should be evaluated by both
hepatologists and maternal-foetal specialists before embarking on
planned pregnancy.

Postpartum breastfeeding is not associated with transmission,
though theoretical concerns about blood exposure to the baby from
cracked nipples or biting in older children remain. However, preven-

tion strategies discussed below probably limit risk to the newborn.

2.3 | Treatment and prevention of HBV during and
after pregnancy

Prevention of hepatitis B can be achieved through use of vaccines
containing recombinant hepatitis B surface antigen. In immuno-
competent persons, a three dose vaccine series achieves 90-95%
protective efficacy, defined as a serum titre of anti-HBs antibody
of 10 mIU/ml or greater. In the United States, childhood vaccination
has been recommended for more than 15years, but catchup vac-
cination of adults has not been deployed, except for recommenda-
tions based upon high-risk behaviour. It is estimated that coverage
of children with HBV vaccine in the United States exceeds 90%.4°
However, the duration of this broad vaccination coverage in the U.S.
population suggests that many young pregnant women are not im-
mune to hepatitis B. Furthermore, high-risk immigrant groups have
not received childhood vaccination and may indeed have high rates
of HBV chronic infection.** Therefore, universal HBV screening of
pregnant women is now recommended. Vaccination of non-immune
women during pregnancy is recommended for women at higher risk
of HBV exposure during pregnancy.

Treatment of HBV during pregnancy may be recommended for
two reasons. In those with active liver disease, characterized by high
HBV DNA levels and elevated liver enzymes, treatment is indicated
for reduction of liver injury. In most patients, this will be long-term
therapy. The second reason is related to risk of transmission to the
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foetus or newborn. The risk of infection in the infant is linked to the
HBV DNA level in the blood of the mother. Higher HBV DNA levels
lead to increased risk of transmission. Thus, up to 25% of newborns
will acquire HBV infection if the mothers' HBV viral titre exceeds
200,0001U/mL.*> Clinical trials of intervention with nucleoside/
nucleotide-based medications given in the third trimester show a
significant effect on reduction of transmission.*® However, different
clinical trials have started drug at varying levels of HBV titre rang-
ing from 50,0001U/ml to 200,0001U/ml. Current guidelines from
the American Association for the Study of Liver Disease (AASLD)
and the European Association for the Study of Liver (EASL) rec-
ommend use of anti-viral therapy in woman with HBV DNA levels
of >200,0001U/ml.#*8 Because the risk of vertical transmission is
also mitigated by the use of hepatitis B immune globulin (HBIG) with
HBV vaccination at birth, it is difficult to assess the absolute effect
any one intervention. Both lamivudine and tenofovir have been ex-
tensively used in HIV-infected pregnant women with a high degree
of safety. Therefore, both agents are generally regarded as safe,
though registries continue to gather data to evaluate ongoing safety.
However, lamivudine should only be used for short-term therapy in
the mother due to it possessing a relatively low barrier to develop-
ment of resistance leading to HBV viral breakthrough. In contrast,
tenofovir responses appear to be quite durable. Recently, a newer
formulation called tenofovir alafenamide has been introduced.
There are only limited data regarding pharmacokinetics and safety
in pregnancy for this agent.49

The use of preventive practices during delivery such as C-section
to reduce risk of transmission has been evaluated but study designs
were highly variable. A large study in China failed to benefit cae-
sarian section in reducing infant transmission compared to normal

vaginal delivery or use of vacuum/forceps delivery.*®

2.4 | Hepatitis D coinfection

Hepatitis D virus (HDV) is a unique RNA virus which is considered
a subviral satellite virus of HBV. It consists of a very small single-
stranded RNA genome of less than 1700 bases which requires the
presence of HBV infection to complete its replication cycle. The
virus does not have sufficient genetic size to code for a protein
coat, so it utilizes excess HBsAg protein to coat itself and then uses
the hepatocyte receptor for hepatitis B (the sodium taurocholate
cotransporter receptor) to enter the hepatocyte. Coinfection with
hepatitis B and D yields a more severe inflammatory response, faster
rates of fibrotic progression and increased risk of developing hepa-
tocellular carcinoma in infected patients. There are very limited data
regarding HDV in pregnancy. However, early reports did describe
vertical transmission of HBV with HDV at time of birth.! Sellier et al.
described outcomes in 22 women with HDV/HBV coinfection who
gave birth to 54 children. In all, 36 children were tested for HDV at

24 months of age or older and were negative in all.>?

Thus, preven-
tion of HBV transmission also prevents HDV infection from mother

to child.
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3 | HEPATITISC

31 |
history

Epidemiology, transmission and natural

Hepatitis C virus (HCV) infects an estimated 3.5 million persons
in the United States with young persons who inject drugs contrib-
uting a substantial proportion of women of reproductive age.”®>*
Worldwide, the World Health Organization estimates 71 million
people who have chronic HCV.>® The primary mode of transmission
of HCV is through percutaneous exposure to infected blood. In ad-
dition, vertical transmission can also occur from mother to infant.
Although less common, sexual transmission can also occur, most
likely in HIV-infected men who have unprotected sex with men.”¢
The greatest risk factor for acquiring HCV is intravenous drug use
(IVDU), which accounts for 60% of the acute HCV infections in the
United States. Other risk factors include intranasal illicit drug use,
blood transfusion prior to 1992, clotting factor concentrates prior to
1987, recipient of a HCV organ transplant, long-term haemodialysis,
incarceration, men who have sex with men and tattoos at unlicensed
parlours.57

In the last decade, there has been a change in the populations in-
fected with HCV due to the opioid crisis and increase rates of VDU
in the 20-40year age group.>* From 1998 to 2011, there has been
a fivefold increase in the prevalence of HCV during pregnancy.*°
Based on data from 2006 to 2014, 40.4% of confirmed cases of
HCV were in women of reproductive age.54 Hence, nationally the
proportion of infants born to HCV-infected mother has increased
by 68%, between 2011 and 2014.%® There has been an increase in
the detection of HCV among children aged 2-3, suggesting perinatal
transmission of HCV.>*

Chronic HCV can lead to progressive fibrosis and cirrhosis
with its associated complications of portal hypertension (varices,
ascites) and hepatocellular carcinoma. Approximately, 20-30%
of patients with chronic HCV will progress to cirrhosis. Patients
who have HCV are diagnosed in the acute phase or chronic phase.
Majority of the patients, especially in the chronic state, are asymp-
tomatic and diagnosed when routine laboratories suggest liver en-
zyme elevation. In acute hepatitis C, the most common symptoms
include jaundice, nausea, abdominal pain and flu-like symptoms.
Serum amino transferases during this period are 10-20 times
upper limit of normal. If the HCV RNA persists in the blood for
more than 6 months after the onset of the acute infection, it de-
fined as chronic hepatitis C. Once the infection becomes chronic,
the rate of spontaneous clearance is low.?? HCV infection resolves
spontaneously after the acute phase in 20-50% of patients and
proceeds to the chronic state in the remaining patients.®® There
is a higher rate of spontaneous clearance of HCV among women
as compared to men.! In the postpartum period, women chron-
ically infected with HCV can spontaneously clear the infection, as
there is a significant decrease in the viral load in the first 3 months
post—delivery.62 This is thought to be due to the release of toler-
ance in HCV-specific T lymphocyte responses that develop during

pregnancy and the presence of the favourable IL28B allele.5%3

However, larger studies are needed to determine additional risk
factors for spontaneous clearance of HCV postpartum.

The goal of HCV therapy is sustained virologic response (viro-
logic cure), defined as the continued absence of detectable HCV
RNA for at least 12weeks after completion of therapy.®* The erad-
ication of HCV infection has multiple health benefits, including de-
crease in liver inflammation, reduction in the rate of liver fibrosis
progression, improvement in liver fibrosis, reduction in the risk of
liver cancer, reduction in the risk of liver-related mortality and liver

transplantation.®>-¢®

3.2 | Influence of HCV on Maternal and
Foetal Outcomes

There is no substantial effect of pregnancy on the progression of
active HCV infection. There is a decrease in the maternal serum
aminotransferase during pregnancy, reflecting the less immune-
reactive state of pregnancy.®’ During the second and third trimes-
ters of pregnancy, although the serum aminotransferase decrease,
there is an increase in the HCV RNA levels, though to be due to the
downregulation of the maternal immune system during pregnancy.
HCV RNA levels decrease during the postpartum period.”® Prior
studies have demonstrated a 10% chance of spontaneous clearance
of HCV in the postpartum period.®® Women should have their HCV
RNA re-evaluated after delivery due to the possibility of spontane-
ous viral clearance and if viraemia is detected, then treatment should
be started postpartum.

The major factor that plays a role in poor pregnancy outcomes
with maternal HCV infection is the presence of concurrent risk fac-
tors, such as poor perinatal care and the use of drugs or alcohol.
These risk factors were found to have pregnancy-related complica-
tions such as gestational diabetes, pre-eclampsia and miscarriage.”*
Maternal HCV infection is a risk factor for the development of intra-
hepatic cholestasis of pregnancy (ICP), especially at an earlier gesta-
tion age. In a meta-analysis, compared to pregnant patients without
HCV, HCV-infected pregnancy women had a higher incidence of ICP
(pooled OR 20.40 [95% Cl, 9.39-44.33, 1> =55%]).? It is postulated
that persistent HCV viraemia can induce modifications in the he-
patocytes causing direct cytopathic effect creating an environment
that facilitates the occurrence of ICP at an earlier gestational age.
The course of ICP in pregnant patients with HCV viraemia including
maternal and foetal outcomes is comparable to non-viraemic preg-
nant patients.72

Maternal infection with HCV has shown to have poor outcomes
in infants, including low birth weight and preterm birth.”>”> A pro-
spective study of 145 pregnant women who were HCV positive ob-
served a 3.4% rate of intrauterine foetal death, 17.9% rate of preterm
delivery, 11.3% rate of small for gestational age and 12.5% rate of
low birth weight infants. These rates were significantly higher than
rates in the general population.”® Pregnant women with cirrhosis

are at increased risk for poor maternal outcomes (i.e. pre-eclampsia,
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caesarean section, haemorrhagic complication and death) and neo-
natal outcomes (i.e. preterm delivery, low birth weight and neonatal
death).””7®

3.3 | Perinatal transmission of HCV

Hepatitis C virus mother-to-child transmission occurs at an over-
all rate of 5% to 15%, with 3% to 5% progressing to chronic in-
fection.”? There is a higher rate of transmission of up to 10.8%
among coinfection with HIV as compared to a rate of 5.8% with
only HCV infection. The risk of transmission is among those moth-
ers who are viraemic with higher viral loads; however, no cut-off
has been proposed. Mothers who are only anti-HCV positive who
have spontaneously cleared their infection or have been treated
are not at risk for transmission.®® The majority of HCV transmis-
sion from mother to child occurs during late intrauterine or intra-
partum period.®!

Perinatal transmission accounts for 60% to 90% of cases of
HCV in children with an estimated 23,000 to 46,000 children liv-
ing with chronic HCV.82 Interventions to reduce perinatal trans-
mission of HCV to the infant are limited. Although the majority of
transmission occurs during delivery, studies have not shown any
difference between the rates of vertical transmission in patients
who undergo vaginal delivery vs caesarean section.®® Therefore,
elective caesarean section for HCV is not recommended. There is
an increased risk of vertical transmission with prolonged rupture
of membranes, internal foetal monitoring and episiotomy. Given
the potential associated risk of vertical transmission, it is advis-
able to avoid invasive procedures (e.g. foetal scalp monitors and
forceps delivery); however, the data are limited.®* In terms of inva-
sive perinatal testing, data on the risk of vertical transmission are
reassuring but limited and if testing is required then amniocente-
sis is recommended over chorionic villus sampling given the lack
of data on the latter.2> Breastfeeding does not increase the risk
of vertical transmission of HCV and is safe to do in women with
HCV infection. However, breastfeeding should be avoided when
the nipples are cracked, damaged or bleeding, and in the context

of HIV coinfection.?%:8°

3.4 | Treatment of HCV

The treatment of HCV in pregnancy is usually deferred postpartum
as there have been no trials approving these agents for during use
in pregnancy. There is a lack of data evaluating the safety of direct-
acting anti-viral (DAAs) during pregnancy. DAAs have been labelled
as pregnancy category B. However, early trials in the United States
and in the other parts of the world seem promising. A phase 1 study
evaluating the use of sofosbuvir in pregnancy demonstrated 100%
virologic cure at 12 weeks post-treatment and no safety concerns.8¢

Similarly, a case series of 15 pregnant women in India treated with

JOURNAL OF VIRAL HEPATITIS 849
ey

ledipasvir/sofosbuvir reported 100% clearance of virus 12weeks
post-treatment and no adverse outcomes reported in the women or
the infants.®” The optimal timing of HCV treatment in relation to
pregnancy is to be determined. Given the lack of safety data, the
treatment of HCV is either delayed until after pregnancy or treated
prior to pregnancy.®®

4 | HEPATITISE

4.1 | Introduction
Hepatitis E virus is the most common cause of acute viral hepatitis
(AVH in many lesser developed countries, particularly among young
adults).2?-%2 Acute cases of HEV are not clinically distinguishable
from other types of AVH.”® Asymptomatic infection is common.
There are an estimated 20 million HEV infections worldwide, lead-
ing to an estimated 3.3 million symptomatic cases of hepatitis E2*In
Asia and Africa, there have been many large water-borne outbreaks
of HEV-caused AVH.?>"1%% |n the United States and developed coun-
tries, most of the infection are zoonotic, 1057107

Although most patients with HEV infections recover fully, mor-
tality rates of 1-4% in the general population have been report-
ed.18108-11% LEV morbidity in pregnant women is variable according
to the geographic regions. In the Indian subcontinent, the mortality
rate may reach 20-40% among pregnant women with a high inci-
dence of still birth and spontaneous abortion.18108-114 |4 Egypt,
despite high seroprevalence, morbidity is very low in HEV-infected
pregnant women and their offspring.*> The reasons for these varia-
tions are still unknown.

4.2 | Molecular virology of HEV

421 | HEV genome

Hepatitis E virus is a single-stranded RNA virus of approximately
7.2 kb in length. Analysis of its RNA helicase and RNA-dependent
RNA polymerase regions show that HEV forms a phylogenetically
separate genus, Hepevirus.''® HEV has a short (27-35 nucleotides)
5' non-translated region, followed by 3 partially overlapping open
reading frames (ORFs) regions, a 3’ non-translated region of about
65-74 nucleotides, and a poly A tract (Figure 1).1*7-12!

4.2.2 | HEV genotypes

Characterization of HEV genomes from geographically distinct loca-
tions has identified at least 8 major genotypes that may differ up
to 20-50% at the nucleotide level.'?? While these are diverse in
all three ORF regions, they are serologically indistinguishable and

cross-reactive.t?3-1%7
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4.2.3 | HEV variability and quasispecies

A hallmark of RNA viruses is their extreme genetic diversity. The
HEV RNA polymerase lacks a proof-reading mechanism, resulting
in a population of distinct but closely related viral variants, termed
the viral quasispecies, within a single individual.}?® These viral
variants may display divergent phenotypic properties, allowing
for rapid, adaptive changes in response to immunologic selection
pressure and the cellular microenvironment. Further HEV com-
plexity is found in the form of dual infections with multiple dis-

tinct HEV genotypes,ug’130

as well as the presence of recombinant
viruses.’®%132 Moreover, accumulating data suggested that muta-
tions in the glycosylation motifs in the ORF2 capsid protein*®® or

1134

in the helicase domain of ORF can significantly impact infec-

tivity and virulence.

4.3 | Hepatitis E epidemiology

431 | HEV transmission

Hepatitis E virus is heat inactivated at 60°C, a 10°C lower tempera-
ture than hepatitis A virus (HAV).135 Viraemia in infected humans
and animals is believed to persist for ~20days and faecal shedding
for ~35days.1231%

Hepatitis E virus genotypes 1 and 2 are transmitted through
feco-orally (contamination of food and water sources) while gen-
otypes 3 and 4 are endemic in Europe and the Americas (includ-
ing highly developed, industrialized countries) and transmitted
by eating undercooked wild boar, deer and pork,*3¢"** with pri-
mary zoonotic reservoir in those animals. Newly discovered gen-
otypes 5 and 6 are mainly present in Japan and infect boars and
potential humans. Genotypes 7 and 8 are mainly present in the
Middle East and infect camels and humans. Limited reports sug-
gest that HEV may also be transmitted parenterally through blood
transfusions, 1427144

HEV outbreaks frequently occur through contaminated water
or food in about 90-95% of cases.}'® Outbreaks occur when water
supplies are contaminated with faecal material, particularly after
natural disasters, heavy rain or drought periods, or when refugees
are forced to use unclean water sources during conflicts. Examples
of the latter are the recent large outbreaks of HEV in Darfur, Sudan
and Chad.0414>

from 30 to 100%.'4¢71*8 Anti-HEV antibody and HEV-RNA are
present in the colostrum of HEV-infected mothers; however,
breastfeeding is not associated with transmission.**’ Postpartum
transmission of HEV infection may occur through close contact of
mothers and their infants, especially when the mother has HEV-
caused AVH.'?

4.3.2 | Hepatitis E as a zoonotic infection
Hepatitis E virus or agents serologically related to HEV have been
isolated from swine, sheep, rats, mice, chickens, donkeys, camels
and horses. However, experimental transmission of HEV genotypes
across different animal species is controversial.**°"*>3 Humans are
the primary host for genotypes 1 and 2, although certain species of
primates may be co-primary hosts in some regions.154 Genotype 3
is highly endemic in swineherds in North America and throughout
Europe and parts of Asia with anti-HEV prevalence ranging from 60
to 100%.2>51%¢ Genotype 3 has also been isolated from a few human
cases of AVH in industrialized countries and the United States.1>”158
In developing countries, both genotypes 1 and 3 co-exist.
Genotype 1 has been isolated from human cases of hepatitis E, 159160
while genotype 3 was recovered from swine. Additionally, isola-
tion of HEV-RNA from two donkey serum samples during the HEV
outbreaks in the Darfur area in Sudan is interesting'®* and implies
that HEV infection of donkeys may also occur. Recently identified
genotypes 5 and 6 were found in wild boars and endemic mainly
in Japan.u“'125 Additionally, genotypes 7 and 8 were identified in

Middle East and China and infect camels and humans.?¢1?7

4.3.3 | Virulence of HEV genotypes

Hepatitis E virus genotypes correlate with the severity of
infection.’1%% Genotype 3 does not cause disease in swine and
appears to be attenuated in experimentally infected primates.t>*164
Furthermore, accumulating evidence suggests that genotypes 3 and
4 are less pathogenic in humans than genotype 1. During the HEV
Darfur outbreak, the numbers of cases with mild symptoms were
sixfold greater than severe symptomatic AVH cases and many more
individuals had subclinical infections.’®* Additionally, in outbreaks
in Pakistan®® and Nepal,”® the ratio of patients with mild anicteric
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symptoms to severe jaundiced cases was 4:1 and 3:1, respectively.
In contrast, human infections with genotypes 3 and 4 are much less
virulent with 100:1 or more asymptomatic infections to cases of
AVH.'¢ Thus, genotypes 3 or 4 have not been reported to cause
outbreaks of AVH. However, a small number of genotypes 3 and 4
isolates have been sequenced from sporadic cases of AVH in the
United States, Europe and other regions where HEV-caused human
illness is rare.t>1%8167-171 Yowever, in immunosuppressed persons,

HEV may lead to chronic HEV infection in genotype 3172174

4.4 | Immune response to HEV

441 | Humoral immune responses to HEV
Humoral immune responses against HEV have been studied in
detail.t”>7'8! The data show prominent antibody responses against
immunodominant epitopes in the ORF2 and ORF3 proteins.}”>-10
In addition, several B-cell epitopes have also been identified in the
ORF1 protein.’®* The anti-HEV IgM response appears during the early
phase of clinical illness and diminishes over 4-5 months. 101175179182
lgG antibodies appear a few days later and persist for several
years.'83

There is considerable evidence that antibodies against ORF2 can
neutralize HEV.'? For example, antibodies against a recombinant
protein spanning amino acids 452-617 of ORF2 inhibit the adsorp-
tion of HEV into cultured cells.*®* Additionally, animal studies sug-

gested anti-HEV ORF2 is protective.'8>191

44.2 |
to HEV

Cell-mediated immune (CMI) responses

Hepatitis E virus ORF2 protein and peptides stimulate T cells, espe-
cially CD4" T cells from patients with acute HEV infection, to prolif-
erate and secrete cytokines.”??"*” The role of CMI responses in HEV
infection is still poorly understood. It is expected that T cells may
supply help for antibody production or downregulate viral replica-
tion. Additionally, CMI could play a role in cell-mediated injury and
disease morbidity. Host cell injury during HEV infection may be me-
diated by either a direct effect of the virus or indirectly through the
anti-viral host immune response, or through a combination of both.

4.4.3 | Innate immune responses and HEV

Innate immune responses are important for viral clearance, espe-
cially in acute infection. Antigen non-specific natural killer (NK) cells
lyse virus-infected targets in several viral infections, but their role
in HEV infection has been poorly investigated. NK cells can also
be potent sources of interferon-gamma (IFN-y) in the liver.178:199

Accumulating data suggest that NK cells are the main source of
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pro-inflammatory cytokines in HEV infection,’* and may play a role

in resolving acute HEV cases.?

4.5 | Clinical and laboratory diagnosis

4.51 | Clinical diagnosis of HEV
Acute cases of HEV are not clinically distinguishable from other
types of AVH.® Asymptomatic infection is common. The incubation
period is 2-6 weeks. When symptoms developed, the patients suffer
from low-grade fever, nausea, vomiting and anorexia. In about 40%
of patients, they develop hepatitis-like symptoms (Jaundice, pruritis,
dark urine and pale stools).

Immunosuppressed persons, in particular solid organ transplant
recipients receiving immunosuppressive medication, may fail to
clear the virus after primary infection, leading to chronic HEV infec-

tion (lasting >6 months).?%!

4.5.2 | Laboratory diagnosis

The laboratory diagnosis of HEV infection depends on the detection
of HEV antigen, HEV RNA and antibodies against HEV.2%? Anti-HEV
IgM antibodies can be detected during the acute phase of the ill-
ness and last 4-5 months, representing recent exposure, whereas
anti-HEV IgG antibodies can last more than 10years, representing

remote exposure.

4.5.3 | Serological diagnosis

ELISA assays are used to measure anti-HEV-specific 1gG and IgM.
Sera/plasma samples are tested for anti-HEV IgG, and IgM as
described.?%372% positive anti-HEV 1gM and/or rising anti-HEV
IgG within 1month could be considered diagnostic for active

infection.297:208

454 | HEV antigens

Detection of HEV antigen has been developed as an interesting
low cost, and rapid diagnostic technique to ascertain HEV viraemia
where facilities for reverse transcriptase polymerase chain reaction
(RT PCR) are unavailable 209210

4.5.5 | Molecular diagnosis of HEV

RT-PCR is used for detection HEV RNA in suspected cases of acute
HEV infection.?'%2'2 Due to the limited duration of viraemia and the

low viral load, viral RNA amplification could be successfully achieved
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TABLE 1 Studies on HEV and mortality in pregnancy
Patients Seroprevalence of Prevalence of fulminant Mortality
Study site (n) HEV infection (%) liver failure (%) rate (%) References
North India 127 58 58 45 (Jaiswal, Jain, Naik, Soni, & Chitnis, 2001)
North India 60 37 64 64 (Singh et al., 2003)
North India 76 86 69 55 (Khuroo & Kamili, 2003)
North India 97 47.4 75 39.1 (Beniwal, Kumar, Kar, Jilani, & Sharma, 2003)
Ethiopia 32 59 - 42 (Tsega, Krawczynski, Hansson, & Nordenfelt,
1993)
North India 65 45 32 73 (Kumar, Beniwal, Kar, Sharma, & Murthy, 2004)
North India 220 60 55 41 (Patra, Kumar, Trivedi, Puri, Sarin, 2007)
North India 61 58 50 57 (Saravanabalaji et al., 2009)
Egypt 2428 84.3 0 0 (Stoszek et al., 2006)
South India 115 75 3.4 3.4 (Rasheeda, Navaneethan, Jayanthi, 2008)

in only 10-50% of anti-HEV IgM-positive cases.?!® Therefore, sero-
logical assays are the main tools to diagnose acute HEV.

4.6 | HEV and pregnancy

4.6.1 | Epidemiology of HEV in pregnant women

An interesting and intriguing observation with HEV is the high in-
cidence of infection and morbidity in pregnant women. In endemic
areas such as the Indian subcontinent and Africa, the most common
viral cause of acute fulminant hepatic failure (FHF) during pregnancy
is HEV.21

In an outbreak in Kashmir, the incidence of HEV-caused AVH
among pregnant women in the 2nd and 3rd trimester ranged from
15 to 20% compared to 2-3% among non-pregnant women or
men. Furthermore, FHF developed in 22% of the affected preg-
nant women compare to 3% and 0% among men and non-pregnant
women, respectively.?’®> In Saudi Arabia, the incidence of HEV-
caused sporadic AVH was significantly higher (p <0.001) in preg-
nant women compared to non-pregnant women of childbearing
age.?% Approximately 60% of the pregnant women developed FHF
and 70% of these had HEV infections (p <0.001).2* A controver-
sial retrospective study from India questioned the role of pregnancy
in increasing HEV-caused mortality rate among pregnant women,
although the study confirmed the high frequency (59%) of HEV-
associated FHF in pregnant women.?’

Hepatitis E virus infection during pregnancy is also associ-
ated with an increased risk of foetal infection. A study from the
United Arab Emirates reported 100% vertical transmission from
HEV RNA-positive mothers to their infants resulting in signifi-
cant perinatal morbidity and mortality. All 12 infants born to HEV
RNA-positive mothers developed acute clinical infection and were
HEV RNA positive. Two babies were born with hypothermia and
hypoglycaemia and died within 48h. Two babies were preterm,
and three had anicteric hepatitis. The remaining infants had full
recoveries.!?

In Egypt, the prevalence of anti-HEV in rural communities is
very high; yet, severe HEV-caused AVH in pregnant women has not
been reported. In a published study, 2428 pregnant women were
enrolled to assess the prevalence of anti-HEV and its association
with liver disease. The anti-HEV prevalence was 84.3%; however,
history of jaundice and liver disease was rare and did not increase
during pregnancy. Moreover, none of the 34 women seroconverting
for anti-HEV IgG during pregnancy experienced AVH.?*8 In contrast,
another study in Egypt identified HEV-caused AVH in at least 20%
of the pregnant women admitted to fever hospitals in Egypt with a
broad spectrum of morbidity but with very little morbidity to the
infants.2® The main difference between the two studies is the for-
mer was community-based, while the later included in-patients with
AVH.

The controversial data from India, as well as the low morbidity of
HEV infection in pregnant women in Egypt and South India (Table 1),
highlight a critical gap in our understanding of the various factors

that affect HEV morbidity in pregnant women.?¥?

4.6.2 | Immunological changes during pregnancy
During pregnancy, the maternal immune system is altered to tol-
erate a genetically distinct foetus.??° For example, trophoblasts
do not express major histocompatibility complex (MHC) class pro-
teins; hence, they are resistant to T-cell-mediated injury to pro-
tect the foetus.??222% The placenta also expresses indoleamine 2,
3-dioxygenase enzyme which inactivates and depletes tryptophan,
an amino acid essential to T-cell function and hence suppresses cell-
mediated immune responses at the foetal-placental interface.??4%25
Cytokines also contribute to the immunological tolerance as both
the placenta and trophoblasts secrete cytokines, including TGF-p,
IL-4 and IL-10 which inhibit CMI. The levels of most cytokines are de-
pressed particularly during the initial 20 weeks of pregnancy which
is an important phase to sustain the foetus. During pregnancy, there
is a clear shift in the Th1:Th2 cell paradigm towards Th2 cells which
favours antibody production over cytotoxic T-cell responses.?%
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T cells are markedly reduced during early pregnancy up to the
20th week of gestation leading to reduced level of immunity.??” This
modulation of CMI occurs to allow foetal allograft retention, but it
also alters the immune response mounted against infections.??® The
decrease in T-cell activity may increase susceptibility to viral,??’ and
parasitic infections during pregnancy,?3%23 but also explains why au-
toimmune diseases like rheumatoid arthritis improve during gestation.
While some studies have argued that there is no alteration in the num-
ber of total T-lymphocytes or in CD4" lymphocytes in pregnancy232;
others have suggested an initial decrease until 20weeks to sustain the
foetus during the implantation phase and then increase or normalize
later during pregnancy or in the postpartum period.?® Although less
studied, the apparent response of CD8 lymphocytes during pregnancy
is either slightly decreased or stabilized throughout gestation.?33234

In summary, the immunological changes during pregnancy pro-
mote the maintenance of the foetus in the maternal environment by
suppression of T-cell-mediated immunity, stimulation of Th2 cyto-
kines and antibody production. Whether this modified immune sys-
tem results in increased risk of HEV-associated morbidity/mortality

during pregnancy is still not clear.

4.6.3 | Hormonal factors in pregnancy

Hormonal factors during pregnancy may also play a significant
role in altering immune regulation and/or viral replication.23>23¢
Progesterone, oestrogen and human chorionic gonadotropin (HCG)
increase with pregnancy. In animal studies, these hormones have
a clear suppressive effect on CMI. HCG has been shown to inhibit
CMI,237:238 \yhile oestrogen induces shrinkage of thymus and depletes
the CD4 and CD8 populations in mice.23%24° On the contrary, proges-
terone produces involution of the thymus and blocks T-cell develop-
ment while inhibiting Th1 cell and promoting Th2 cell development.241
Despite these changes, the numbers of peripheral T and B cells are
unchanged as the half-life of peripheral lymphocytes is higher.24%243
There is also a decrease in bone marrow B-cell production, mainly
pre-B and immature bone marrow B cells of pregnant mice due to in-
creased oestrogen and progesterone levels during pregnancy.?**

In addition, steroid hormones may influence viral replica-
tion.2*>24¢ For example, hormonal enhancement of cytomega-
lovirus (CMV) replication may be a mechanism for the increased
incidence of CMV infection observed during pregnancy.?*® There
are also reports of increased predisposition to viral infection in
certain high-oestrogen states.?*®?*” The role of hormonal imbal-
ance during pregnancy in HEV viral replication has not been fully

investigated.
4.6.4 | Mechanisms for high morbidity of hepatitis E
in pregnancy

Little is known about the mechanisms of liver injury in patients
with acute hepatitis E. It remains unknown whether the hepatocyte
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damage in HEV is mediated primarily by the virus or by the host im-
mune response. The importance of an intact immune response to
protect against HEV infection was confirmed in post-transplant pa-
tients from France who developed chronic HEV infection.?*® These
immunocompromised patients receiving immunosuppressive drugs
had low levels of CD4 and CD8 T cells. These findings highlight the
importance of T-cell-mediated immunity for clearance of the HEV
infection. In contrast, during pregnancy, CMI differs significantly in
that patients progress to fulminant liver failure rather than AVH.24
This important difference in disease presentation in pregnant
women could be due to enhanced immunological injury, decreased
immunologic control of viral replication and/or hormonal stimulation
of viral replication.?#?24

Jilani et al. investigated the role of hormonal changes during
pregnancy in immune alterations and HEV infection. They found
that HEV-infected pregnant women with FHF had lower CD4
counts, higher CD8 counts and decreased ratio of CD4 and CD8.
Their levels of oestrogen, progesterone and beta-HCG were signifi-
cantly higher than in HEV negative patients or healthy control preg-
nant females.?*°

A published report confirmed the role of viral load and CMl in the
morbidity of HEV infection in pregnant women in India with AVH or
FHF.25! In this study, 14 pregnant women with FHF and 47 with AVH
were examined. Significant increases in Th1l/Th2 responses and
anti-HEV titre were noted in women with FHF compared to AVH
patients. Additionally, pregnant women with HEV-caused AVH had
detectable viraemia in contrast to the FHF pregnant women who
had undetectable HEV RNA. This study suggests HEV-caused FHF
in pregnant women is immune-mediated while HEV-caused AVH is
viral-mediated. However, no HEV-infected pregnant women with
asymptomatic or mild AVH were examined in this study.

Pal et al. studied CMl in both pregnant and non-pregnant women
with acute HEV and normal healthy pregnant and non-pregnant
control population.193 They reported pregnant women with HEV
had generalized immune suppression with decreased lymphocyte
response to Phytohemagglutinin (PHA), and a predominant Th2
bias when compared to non-pregnant women with HEV and normal
healthy pregnant controls. This study was important from a number
of perspectives. The theory that normal pregnancy is an immuno-
suppressed status is challenged because normal healthy pregnant
women did not demonstrate a decreased response to PHA. Also,
non-pregnant patients with HEV did not show a defective PHA
response. These findings highlight that HEV alone does not pro-
duce the observed immunological changes; pregnancy is required
as a physiological state to produce the severe hepatic pathological
changes. This study confirmed the existence and importance of CMI
responses to HEV in patients with this disease. Additionally, there
were no significant differences in Th2 responses between healthy
pregnant and non-pregnant women, although pregnancy itself was
believed to skew the cytokine responses towards Th2 type.

Pregnancy is associated with high levels of steroid hor-
mones which may promote viral replication. They also have a di-
rect inhibition on hepatic cells, which potentially predisposing to
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hepatic dysfunction/failure when exposed to infectious pathogens.

252 and me-

Additionally, steroid hormones are immunosuppressive
diate lymphocyte apoptosis through NF-kB. NF-xB is a eukaryotic
dimeric transcription factor which has a multiple cellular effects
on liver development and regeneration and on the immune re-
sponse.?%3 Prusty et al. studied the changes in NF-kB activity using
electrophoretic assays of the p50 and p65 components of NF-kB
in pregnant and non-pregnant patients with FHF due to any viral
aetiology including hepatitis B, C and E.?** They found that the
activity of the p65 component of NF-kxB was diminished in both
the PBMC and postmortem liver biopsy specimens in pregnant pa-
tients with fulminant liver failure. There was a higher than normal
level of p50 expression, but there was a near complete absence or
a minimal expression of p65. They concluded that the absence of
p65 was probably responsible for severe liver damage in pregnant
FHF patients. The expression of NF-kB physiologically downregu-
lated during pregnancy also plays an important role in sustaining
the foetus during pregnancy.?>® Collectively, these studies suggest
a high mortality of HEV infection during pregnancy in all endemic
regions.25°'256

However, this is clearly not the case. In one study from southern
Indiaand another from Egypt, the mortality rate during HEV infection
was low (3.4%)%°7 and absent,?'® respectively. In those two studies,
there were normal term deliveries compared to 30-70% reported
mortality among pregnant women with high infant morbidity in vari-
ous studies in other HEV endemic regions (Table 1).18:112146.258-262 |4
has been speculated that the difference in the genotype or its sub-
types of HEV infection and or the rate of viral replication could be an
important factor in HEV morbidity.?>® Genotype 1 is the commonest
genotype causing HEV infection in India and Egypt. Genotype 1 has
been further classified into 4 subtypes, and most of them have been

268 may have been re-

grouped to genotype 1A. Sub-genotype shif
sponsible for the different geographic morbidity in pregnant women

in Southern India and Egypt. If this hypothesis holds true, it opens

the intriguing possibility of the exploration of the genotype and its
subsequent role in HEV infection during pregnancy.

Finally, nutritional status and availability of high-level supportive
medical care may influence mortality outcomes. Evaluation of the
outbreak in Chad and Niger by the WHO suggested that poor ma-
ternal healthcare and malnutrition were major factors in mortality

among pregnant women.

4.6.5 | HEV vaccine

An efficacious hepatitis E vaccine was licensed (by China) in 2011
with a trade name of Hecolin®. The antigen contained in this vaccine
is a truncated version of the capsid protein encoded by ORF2.2¢4
Safety and efficacy of this vaccine were demonstrated in a large-
scale phase Il clinical trial?®® (Figure 2). The administration of the
HEV vaccine Hecolin to pregnant women still needs further inves-
tigation. Preliminary data suggest that the Hecolin is safe for both
mother and foetus.?*® No FDA-approved vaccine for HEV is cur-
rently available in the United States; however, in 2012, a Hecolin®

was approved for use in China.

5 | DISCUSSION

Viral hepatitis during pregnancy requires special management de-
pending on the types of the viruses (hepatitis A, B, C, D and E),
and the epidemiology of the virus, its chronicity, the presence of
liver complications as well as the availability of successful anti-
viral therapies. During viral hepatitis in pregnancy, there might be
considerable immunopathogenic effects on the liver of both the
mothers and the infants. Hepatitis A and hepatitis E represent the
greatest risk for the mothers and infants among the viral hepatitis
infection. They may also change the outcome of pregnancy and
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