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Infection with genotype 1 or 2 hepatitis E virus (HEV) results primarily from human-to-human
transmission through the fecal–oral route in low-resource countries. It presents primarily as
“acute viral hepatitis” syndrome, usually a self-limiting illness. A few cases progress to acute
liver failure, a serious illness with high fatality. Clinical disease is infrequent among children.
Infection during pregnancy is associated with a higher risk of symptomatic disease, severe
liver injury, and mortality. Severe disease is also encountered in persons with preexisting
chronic liver disease. Some cases have associated extrahepatic features, particularly acute
pancreatitis and neurological manifestations. Chronic infection appears to be extremely
infrequent with these HEV genotypes. The exact pathogenesis of liver injury remains
unknown, although the host immune response appears to be important for viral clearance
aswell as for induction of liver injury.Hormonal and immune factors appear to be responsible
for the severe disease during pregnancy.

Hepatitis E virus (HEV) consists of small vi-
rions with a positive- and single-stranded

∼7.2-kb RNA genome and predominantly fe-
cal–oral transmission. Traditionally, isolates as-
sociated from humans have been categorized
into four genotypes, namely, genotype (gt)1 to
gt4 (Lu et al. 2006; Zhai et al. 2006), although
occasional cases of gt7 infections have been re-
ported in recent years from the Mediterranean
region (Lee et al. 2016). Human HEV infection
is associated with two distinct epidemiological
and clinical patterns of disease, with the illnesses
associated with gt1 and gt2 HEV infection dif-
fering markedly from those associated with gt3
and gt4 HEV infection (Aggarwal and Naik

2009; Aggarwal andGoel 2016; Goel and Aggar-
wal 2016; see Kamar and Pischke 2018).

The disease caused by infection with gt1 and
gt2 HEV is endemic, and often hyperendemic,
in parts of the world where water quality and
sanitation facilities are suboptimal, allowing fre-
quent contamination of drinking water supplies
with human fecal material. Thus, these infec-
tions have been reported most frequently from
parts of Asia (in particular South Asia, Central
Asia), the Middle East, and the Mediterranean
region, and Africa, and less frequently from
South America (Aggarwal and Naik 2009). In
comparison, disease caused by infection with
these genotypes has been reported quite infre-
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quently from Southeast Asia. In Europe, the
United States, Canada, and Australia, most of
the infections with these genotypes have been
among those with recent travel to Asia and Af-
rica (Kamar et al. 2012).

Infection with gt1 HEV is much more prev-
alent than that with gt2 HEV. Further, the
former genotype is geographically more wide-
spread, having been reported from most parts
of Asia and Africa and from Latin America (Ag-
garwal and Naik 2009). In contrast, reports of
gt2 HEV have been limited to Mexico, where it
was first identified in the 1980s (Velazquez et al.
1990; Huang et al. 1992) but has not been re-
ported thereafter, and to some countries inWest
Africa, such as Central African Republic, Chad,
Namibia, and Nigeria (Kim et al. 2014).

Both of these HEV genotypes appear to
have a limited host range, causing natural in-
fection only in humans and being incapable of
causing infection in experimentally inoculated
pigs (Meng et al. 1998). Thus, these are be-
lieved to spread only through human-to-hu-
man transmission. In contrast, g3 and gt4
HEV are widely prevalent among several mam-
malian species, with occasional zoonotic trans-
mission to humans (Meng 2013).

OVERVIEW OF NATURAL HISTORY OF
GENOTYPE 1 AND 2 HEV INFECTION

A large proportion of infections with gt1 or gt2
HEV are subclinical and go unnoticed. This as-
sumption is supported by detection of anti-HEV
IgG in several persons who have never had jaun-
dice in the populationswhere these genotypes are
frequent, and bymoderate to high seroprevalence
of these antibodies in some areas where clinical
disease is infrequent (e.g., Egypt) (Fix et al. 2000;
Stoszek et al. 2006b; Aggarwal 2010). Most cases
that come to clinical recognition present as acute
viral hepatitis (AVH) (also known as “acute jaun-
dice syndrome”) and have a self-limited course
lasting a few weeks. Occasional cases progress to
serious disease, known as acute liver failure
(ALF), with high mortality (Aggarwal 2011,
2013).WhenHEV infection occurs in a pregnant
woman, the risk of clinical disease and of ALF is
quite high (Khuroo et al. 1981).

Persistent or chronic infection, well known
with gt3 and gt4, is either nonexistent or fairly
infrequent with gt1 and gt2 HEV infection (for
details of gt3 and gt4 pathogenesis, see Kamar
and Pischke 2018).

These various forms of infection and disease
associated with gt1 and gt2 HEV infection are
discussed in detail in the following section on
clinical manifestations.

CLINICAL MANIFESTATIONS

HEV gt1 and gt2 infections cause disease in the
form of outbreaks and as sporadic cases (Aggar-
wal 2011, 2013). The clinical manifestations are
similar for sporadic cases and the cases occur-
ring during disease outbreaks and for infection
with gt1 and gt2 HEV, although data for gt2
virus are quite limited.

The clinical consequences of infection with
these genotypes are related primarily to acute
inflammation of the liver. A small proportion
of infections present with injury to other body
organs, often in conjunction with liver disease.

Liver Disease

Severity of liver injury during infection with gt1
or gt2 HEV infection can vary markedly. The
clinical syndrome most frequently identified in
persons with these infections is known as “acute
viral hepatitis.” The illness is usually self-resolv-
ing, with spontaneous and complete recovery in
a few weeks. However, a small proportion of
patients develop the more severe ALF illness
(Aggarwal 2011, 2013).

During large outbreaks of hepatitis E in
South Asia, young people aged 10–40 years
have been found to be the most frequently af-
fected (Viswanathan 1957; Khuroo 1980; Naik
et al. 1992). In comparison, the number of cases
among children and the elderly is much fewer
than would be expected based on the age distri-
bution of the population. The disease is some-
what more frequent among men than among
women. These features are also identified
among sporadic cases with hepatitis E in the
geographical areas in which gt1 and gt2 are
prevalent. The predilection for males is believed
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to be related to a greater risk of exposure to
contaminated water as a result of their spending
more time on outdoor activities. The relative
sparing of the elderly may also be explained on
a similar basis. However, the relative sparing of
children is possibly related not to a lower risk of
infection, but to a lower risk of disease among
those with infection (Patel et al. 2015). This hy-
pothesis is based on frequent occurrence of oth-
er water- and foodborne illnesses among chil-
dren in these geographical areas, as well as
relatively low frequency of disease among chil-
dren during hepatitis E outbreaks in humanitar-
ian emergencies in Africawhere very high attack
rates have been observed in adults suggesting
heavy water contamination (Teshale et al. 2010).

Acute Icteric Hepatitis

Acute icteric hepatitis syndrome associated with
gt1 or gt2 HEV infection is similar to that ob-

served in infection with other hepatotropic vi-
ruses. The syndrome typically runs a triphasic
course: prodromal, icteric, and convalescent
phases (Table 1) (Viswanathan and Sidhu
1957), although the first phase may not be dis-
cernible in some patients.

The illness starts with a “prodrome” (or pro-
dromal phase) characterized by a variable com-
bination of nonspecific symptoms, including
loss of appetite, low-grade fever, intense nausea,
occasional vomiting, aversion to smoking, mal-
aise, body ache, etc. This illness often resembles
that of the usual viral “flu.” Patients may also
havemild right ormidline upper abdominal dis-
comfort, possibly caused by stretching of the liv-
er capsule as a result of inflammation (Aggarwal
2011). Some may notice a deeper color of urine,
a lighter color of stools, or itching. During a large
outbreak in Kashmir, the prodromal phase was
seen in 61% of cases and lasted for 1–10 (mean
3.5) days (Khuroo 1980). Themost frequent pro-

Table 1.Clinical and biochemical features during three phases of acute icteric hepatitis caused by genotype 1 or
2 hepatitis E virus (HEV) infection

Phase Symptoms and other features
Findings on clinical

examination Laboratory findings

Prodromal
phase

Malaise, myalgias, fatigue,
low-grade fever, arthralgias

Anorexia, aversion to food
Nausea, vomiting
Abdominal discomfort, right
upper quadrant pain

Symptoms last for a few days

Mild, soft hepatomegaly
Mild tenderness in right
upper quadrant of the
abdomen

Normal serum bilirubin
Marked elevation (usually >10-

fold) of serum alanine
aminotransferase (ALT) and
aspartate aminotransferase
(AST) levels

Normal tomildly elevated serum
alkaline phosphatase levels

Icteric phase Yellow discoloration of skin,
eyes and urine ( jaundice,
or icterus)

Improvement of systemic
symptoms and appetite

Improving well-being
In some cases, mild itching
and light-colored stools

Lasts for a few weeks

Icterus
Mild, soft hepatomegaly
Occasional mild, soft,
nontender palpable
spleen

Elevated serum bilirubin,
predominantly conjugated

Moderate elevation of serum
ALT and AST levels, although
usually lower than in the
prodromal phase

Normal tomildly elevated serum
alkaline phosphatase levels

Convalescent
phase

Gradual and nearly complete
recovery in symptoms,
although mild icterus and
fatigue may persist for a
few weeks

Occasional patients develop
prolonged cholestasis

Icterus: moderate-to-
mild, but gradually
improving

Normal urine color
Regression of liver and
spleen size to normal

Declining serum bilirubin levels,
returning to near normal

Normal or slightly elevated
serum ALT and AST levels

Normal alkaline phosphatase
levels
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dromal symptoms were anorexia (79%), dark
urine (58%), nausea and vomiting (46%), fever
(44%), epigastric pain (41%), followed by chole-
static symptoms (i.e., clay stools and itching) in
20%. Also, in other large outbreaks, similar pro-
dromal symptoms have been reported in com-
parable frequencies (Tsega et al. 1991; Aggarwal
2011). Blood tests reveal marked elevation of
serum levels of aminotransferase enzymes (ala-
nine aminotransferase [ALT] and aspartate ami-
notransferase [AST]), with normal or mildly el-
evated serum bilirubin levels (Table 1).

The prodromal phase is replaced in a few
days by the “icteric” phase, which is character-
ized by the appearance of icterus (or jaundice:
yellowish discoloration of the skin and sclerae of
the eyes). With the onset of this phase, fever,
nausea, and other prodromal symptoms start
regressing, and the appetite begins to improve.
Clinical examination is generally unremarkable
except for jaundice (variable in degree from
mild to severe), a slightly enlarged, and mildly
tender liver, accompanied in a small proportion
of patients by a soft, nontender, slightly enlarged
spleen. Serum bilirubin levels are high but the
serum levels of liver enzymes tend to be lower
than during the prodrome.

In a large majority of cases, the jaundice
persists for 2–4 weeks, followed by spontaneous
and gradual regression (the “convalescent”
phase). During this period and for a few days
to weeks after the disappearance of jaundice,
low-grade nonspecific symptoms may persist.

The duration of jaundice can be highly var-
iable, lasting for several weeks tomonths in some
patients. Furthermore, in such patients, “chole-
static symptoms” (itching, clay stools, etc.) may
be particularly prominent. This “prolonged cho-
lestasis” is described in greater detail later.

Acute Liver Failure

A small proportion (usually <1%) of patients
with AVH-like illness associated with gt1 and
gt2 HEV infection progress to develop ALF
(also known as acute hepatic failure, fulminant
liver failure, fulminant hepatic failure) (Viswa-
nathan and Sidhu 1957; Aggarwal 2011). The
illness generally begins similarly to the usual

acute icteric hepatitis, but then progresses and
the patient develops features of liver failure,
namely, hepatic encephalopathy and prothrom-
bin time prolongation. This syndrome is be-
lieved to arise from sudden and massive loss of
liver cells, leading to marked reduction in the
liver’s detoxification and synthetic ability. ALF
is frequently associated with marked swelling of
the brain (cerebral edema), which further adds
to the neurological complications.

Clinical examination notably reveals an al-
teration in sensorium and/or evidence of bleed-
ing from various body sites. In patients with
ALF, liver size is usually small, reflecting a mas-
sive necrosis of liver cells. In addition, signs of
increased intracranial pressure are often present.
A minority of patients have ascites. Biochemical
tests show features of reduced synthesis of body
proteins in the liver, in the form of hypoalbumi-
nemia and prolongation of tests that measure
coagulation.

Development of ALF heralds a major wors-
ening of outcome with a high mortality rate.
Patients with ALF need management in an in-
tensive care unit with facilities for liver trans-
plantation if required. ALF appears to be more
common in gt1 or gt2 HEV infections than gt3
or gt4 infections. However, the manifestations,
outcome, and treatment of ALF caused by gt1 or
gt2 HEV infection are fairly similar to that ob-
served with other hepatotropic viruses.

In South Asia, where gt1 and gt2 HEV are
hyperendemic, HEV is the most common cause
of ALF among adults (Acharya et al. 2000; Khu-
roo and Kamili 2003). In these cases, the mor-
tality rates are in the range of 40% to 60% (Khu-
roo and Kamili 2003; Bhatia et al. 2008).

Anicteric Hepatitis

Although acute icteric hepatitis is the most well
recognized clinical form of gt1 or gt2 HEV in-
fection, it appears that this is not the most fre-
quent clinical consequence of such infection. A
large proportion of such infections are associat-
ed with amilder liver injury with “anicteric hep-
atitis”—with asymptomatic, transient elevation
of serum levels of aminotransferase enzymes,
with either no or minimal elevation of serum
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bilirubin. In such cases, HEV infection and liver
injury often go undetected, unless liver function
tests are performed either for non-liver-specific
symptoms or for another reason, leading to a
search for the cause of abnormal test results.
Alternatively, an astute physician may suspect
this condition among persons with prodromal
symptoms but no jaundice residing in an area
with an ongoing disease outbreak.

Extrahepatic Manifestations

Although liver is the primary organ affected
during HEV infection, other organs systems
can occasionally be involved (Woolson et al.
2014; Bazerbachi et al. 2016; Kamar et al.
2016). Extrahepatic involvement is usually asso-
ciated with liver disease. Some cases of extrahe-
patic manifestations with serological evidence of
HEV infection in the absence of liver disease
have been reported; however, in such cases, the
role of HEV infection in causing these condi-
tions is difficult to ascertain.

In geographic regions in which gt1 or 2HEV
are predominant, the most common body or-
gans or sites affected as part of hepatitis E have
been pancreas, nervous system, bone marrow,
and kidney (Aggarwal 2013; Bazerbachi et al.
2016). In contrast to developed countries where
HEV gt3 HEV predominates, the evidence of
HEV gt1 infection in most cases has come
from the presence of IgM anti-HEV antibodies
and not from detection of HEV RNA.

Acute Pancreatitis

Several case reports and case series of acute pan-
creatitis (AP) following uncomplicated acute
hepatitis or ALF caused by HEV infection have
been published. The overall risk of AP in HEV
infection is small. Importantly, a large majority
of casesofAP followingHEVinfectionhavebeen
reported from geographical areas in which gt1
HEV is predominant (Mishra et al. 1999; Bhagat
et al. 2008; Raj et al. 2015) or among travelers to
these regions (Jaroszewicz et al. 2005). No au-
tochthonous caseshavebeen reported fromareas
in which gt3HEV is prevalent. There are no data
onHEV-relatedAP fromareaswhere gt2HEV is

prevalent; however, this may reflect a general
paucity of publications from these areas.

HEV-related AP predominantly occurs in
young patients with HEV-induced ALF. The pa-
tients with HEV-associated pancreatitis have
beenmore oftenmen, although this could reflect
better health care access amongmen in develop-
ing countries where such cases occur. AP often
appears ∼10 days after the onset of liver disease.
The severity of pancreatic disease has been var-
iable but is usually followed by uneventful recov-
ery (Raj et al. 2015).

Neurological Involvement

A wide variety of manifestations related to the
central and the peripheral nervous system have
been reported in association withHEV infection
(Kamar et al. 2011; Dalton et al. 2016). However,
in contrast to pancreatitis, the number of cases
of neurological involvement associated with
HEV infection from areas with gt1 predomi-
nance has been much smaller than those from
gt3 areas (Bazerbachi et al. 2016). Also, the spec-
trum of abnormalities reported as being associ-
ated with HEV infection has been narrower in
the areas with gt1 HEV (Table 2).

Table 2. Non-hepatic manifestations of genotype
1 or 2 hepatitis E virus infection

Gastrointestinal tract
Acute pancreatitis

Neurological involvement
Peripheral nervous system

Guillain–Barré syndrome
Nerve palsies: oculomotor nerve, facial nerve

Central nervous system
Meningoencephalitis
Aseptic meningitis
Pseudotumor cerebri

Hematological manifestations
Hemolysis
Thrombocytopenia
Hemophagocytic syndrome
Aplastic anemia

Renal manifestations
Membranous glomerulonephritis

Autoimmune phenomena
Henoch–Schönlein purpura
Myocarditis

Manifestations and Pathogenesis of HEV 1 and 2 Infections
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Hematological Involvement

Themost common hematological manifestation
reported in patients with acute hepatitis E has
been acute hemolysis. Many of these patients
have also had deficiency of glucose 6-phosphate
dehydrogenase, and HEV infection appears to
merely exacerbate that condition (Abid and
Khan 2002). The hemolysis manifests as deep
jaundice and renal dysfunction.

Other hematological manifestations ob-
served in persons with HEV infection in dis-
ease-hyperendemic areas have been thrombocy-
topenia (Singh and Gangappa 2007), bone
marrow aplasia (Mishra et al. 2007), and sec-
ondary hemophagocytic syndrome.

Other Extrahepatic Manifestations

Occasional cases of myocarditis (Kochar et al.
2016), Henoch–Schönlein purpura, and renal
involvement (Ali et al. 2001) have also been
reported from areas where gt1 HEV is pre-
dominant. Essential mixed cryoglobulinemia,
which has been reported in association with
gt3 HEV infection (Bazerbachi et al. 2017), has
not been reported in association with gt1 HEV
infection.

Special Situations

HEV Infection in Pregnant Women
and Neonates

gt 1 or gt2 HEV infection in pregnant women is
more likely to be associated with clinical disease
and, in particular, severe manifestations than in
nonpregnant women or men. This association
was clearly shown during an epidemic in Kash-
mir, India, where the attack rate of icteric hep-
atitis in pregnant women (17.3%) was found to
be much higher than those in nonpregnant
women (2.1%) or men (2.8%). The risk is the
highest during the second and third trimesters
of pregnancy (Khuroo et al. 1981).

Among patients with AVH-E, the clinical
features in pregnant women are not different
from those in nonpregnant women. However,
among patients with symptomatic hepatitis E,
pregnant women are at greater risk of progres-

sion to ALF. In the Kashmir epidemic, 22.2% of
pregnant women affected during the outbreak
had ALF, compared with 0% and 2.8% of the
nonpregnant women and men, respectively
(Khuroo et al. 1981).

Once ALF develops, the mortality rates ap-
pear to be similar among pregnant and non-
pregnant women (Bhatia et al. 2008). However,
because pregnant women have a higher risk of
developing ALF, hepatitis E in pregnancy is as-
sociated with high overall case-fatality rates,
which may reach up to ∼25%.

The association of HEV with pregnant
women is primarily reported from countries
where gt1 is predominant (Tsega et al. 1992;
Pérez-Gracia et al. 2017). Except for a few case
reports (Anty et al. 2012; Tabatabai et al. 2014),
this association of pregnancy with hepatitis E
has not been identified in geographical areas
where gt3 and gt4 are prevalent (Renou et al.
2014). Also, in Egypt, even though the circulat-
ing HEV isolates belong to gt1, pregnant wom-
en do not have severe forms of disease (Stoszek
et al. 2006a).

Hepatitis E during late pregnancy is associ-
ated with increased risk of premature delivery
and increased fetal loss. The newborns have
low birth weight, hypoglycemia, ill health, and
a higher neonatal mortality (Khuroo et al. 1995;
Patra et al. 2007; Krain et al. 2014).

HEV Superinfection in Patients with Chronic
Liver Disease

In persons with chronic liver disease, in partic-
ular cirrhosis, who have a reduced liver func-
tional reserve, any superadded liver injury, irre-
spective of its cause, may be expected to com-
promise the liver function further and result
in liver failure. In such persons, even mild liver
injury caused byHEV infection, whichmayhave
been insignificant in a healthy person, can be
expected to result in liver decompensation.

In areas where gt1 HEV is hyperendemic,
several reports have implicated sporadic infec-
tions with HEV as a cause of deterioration of
liver function in patients with preexisting chron-
ic liver disease (Kumar et al. 2004; Kumar
Acharya et al. 2007; Radha Krishna et al.
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2009). HEV infection in such persons usually
begins as an illness resembling typical acute
hepatitis, to be followed in a few days by the
onset of ascites, encephalopathy, or both, sug-
gesting decompensated liver disease. Differenti-
ation of this syndrome from ALF caused by
HEV infection usually depends on clinical, im-
aging, or endoscopic findings characteristic of
liver cirrhosis or portal hypertension. The mor-
tality rate of such illness is higher than that ob-
served following HEV infection in previously
healthy people.

Prolonged Cholestasis

In the usual course of acute hepatitis E during
the convalescent phase, the symptoms gradually
resolve and liver function tests return to normal.
However, in some patients, a phase of promi-
nent cholestasis supervenes. This is associated
with deep icterus, often associated with itching
andmoderately elevated serum levels of alkaline
phosphatase with normal or only mildly elevat-
ed serum transaminase levels (Aggarwal 2011,
2013). Itching can at times be intense, impairing
sleep, work performance, and quality of life, and
may be unresponsive to various nonpharmaco-
logic measures and drugs. This phase usually
lasts for 6–8 weeks but may sometimes be lon-
ger. The illness may superficially resemble extra-
hepatic biliary obstruction, which, however, is
ruled out by imaging techniques such as ultra-
sound.

Prolonged cholestasis appears not to result
in any long-term adverse effect on liver function
(Mechnik et al. 2001). Spontaneous and com-
plete recovery, over weeks to months, is the rule.
Patients need counseling, reassurance, general
antipruritic measures, topical emollients, and
oral antipruriticmedications while awaiting nat-
ural recovery.

Because of its low frequency and benign
course, the available literature on actual fre-
quency, risk factors for its occurrence, or the
underlying mechanism(s) of this form of illness
is quite limited. Increased opioidergic tone has
been proposed as one of the mechanisms, and
opioid antagonists have been tried as treatment
(Joshi et al. 2009).

Chronic Hepatitis E

Some people infected with gt3 or gt4 HEV fail to
clear the virus, and go on to develop chronic
HEV infection (Kamar et al. 2008), defined as
persistent infection for more than 6months (see
Kamar and Pischke 2018). This outcome has
been observed exclusively among those with im-
paired immune response, particularly those re-
ceiving immunosuppressive drugs following or-
gan transplantation (Kamar et al. 2008) and, less
frequently, among those with human immuno-
deficiency virus infection (Dalton et al. 2009),
hematological malignancies (Ollier et al. 2009),
or following administration of tumor necrosis
factor α antagonists (van Bijnen et al. 2017).
Such infection is associated with chronic liver
inflammation and injury, and may progress to
cirrhosis.

The reports of chronic hepatitis E have been
mostly in people with gt3 HEV infection, and
occasionally in those with gt4 HEV infection
(Kamar et al. 2012). Published data on chronic
HEV infection with gt1 HEV are limited to a
child previously treated for acute leukemia
who had prolonged liver dysfunction and was
found to have prolongedHEV viremia, albeit for
only 3 months, before antiviral treatment was
begun (Singh et al. 2016). Two large studies of
Indian renal transplant recipients, including
those with unexplained elevation of transami-
nase, have failed to show evidence of chronic
HEV infection (Naik et al. 2013; Munjal et al.
2014). There is no report of chronic infection
with gt2 HEV. These findings in the face of the
knowledge that global burden of gt1 and gt2
HEV infections is much higher than that caused
by gt3 or gt4 HEV indicate that chronic infec-
tion with gt1 or gt2 HEV either does not occur
or is very infrequent.

PATHOGENESIS

Our current understanding of the pathogenesis
of HEV infection, based mostly on data from
animal models and cell culture systems, with
some additional information from humans, is
relatively incomplete (Wedemeyer et al. 2013).
In experimental models, gt1 and gt2 HEV have
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been shown to cause infection in various
nonhuman primates, but not in pigs; this is in
contrast to gt3 and gt4, which are known to
naturally infect both pigs and humans, and
have been shown to be capable of experimental
transmission to nonhuman primates.

The virus enters the host through the gastro-
intestinal tract, via contaminated food or water.
Infection in humans is followed by an incuba-
tion period of 2 to 10 weeks (Viswanathan
1957). During this period, the virus crosses the
intestinal mucosa and reaches the liver via the
portal circulation. It remains unclear whether it
also undergoes multiplication in the enterocytes
before entry into the circulation.

In the liver, the virus enters andmultiplies in
the hepatocytes, the primary site of infection. In
studies with monkeys, viral replication in hepa-
tocytes appears ∼7 days after parenteral inocu-
lation and affects up to 70%–90% of hepatocytes
(Ticehurst et al. 1992). This replication is be-
lieved to proceed to a stage of hepatocyte injury,
leading eventually, in humans, to appearance of
a clinical illness after an average incubation pe-
riod of 3 weeks (range 2–10). Viremia appears
several days before the onset of symptoms (Fig.
1) and reaches a peak with that of serum trans-
aminase levels, persists for 2–3 weeks thereafter,
and is associated with fecal HEV excretion
(Tsarev et al. 1992; Aggarwal et al. 2000). The

fecal excretion lasts for somewhat longer than
viremia.

In cell culture studies, HEV has been shown
to lack a cytopathic effect (Tanaka et al. 2007;
Takahashi et al. 2008). Further, in animal mod-
els of HEV infection, the rise of serum trans-
aminase levels and appearance of liver injury
appears to occur simultaneous with the appear-
ance of specific antibodies and decline in degree
of viremia. These findings suggest that hepato-
cyte injury during HEV infectionmay be related
to the killing of HEV-infected cells by the host
immune response, rather than through a direct
effect of the viral replication. It is therefore
likely that the strength of the hosts’s immune re-
sponse determines the outcome of acute HEV
infection—whether subclinical, self-limiting ill-
ness, or liver failure. In gt3 HEV infection, im-
munosuppressed people, such as those receiving
immunosuppressive medications following sol-
id-organ transplantation, often fail to clear HEV
and develop chronic hepatitis E; this outcome
hasnot yet been reportedwith gt1HEV infection
and appears to be less frequent or nonexistent.

Liver tissue obtained postmortem from pa-
tients dying of acute fulminant hepatitis E has
shown varying degrees of hepatocyte necrosis,
portal and lobular inflammation, bile ductular
proliferation, lymphocytic cholangitis, Kupffer
cell prominence, cholestasis, apoptotic bodies,
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Figure 1. Time-course of events during acute infection with genotype 1 hepatitis E virus (HEV) infection.
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pseudo-rosette formation, steatosis, and pres-
ence of plasma cells in portal tracts (Agrawal
et al. 2012). These changes were similar to those
in patients with fulminant hepatitis B, except
that interface hepatitis was less frequent in hep-
atitis E.

Humoral Immune Response

HEV infection leads to development of anti-
HEV antibodies. Immunoglobulin (Ig)M anti-
bodies appear first, becoming detectable either
late in the incubation period or briefly after the
onset of symptoms; these last for nearly 4–6
months (Favorov et al. 1996; see Walker 2018).
IgG antibodies appear around the same time or
soon thereafter; these remain detectable for a
longer period although the exact duration of
their persistence remains uncertain. In one
study, IgG anti-HEV antibodies were detectable
in nearly half of those who had been affected
during a disease outbreak 14 years earlier (Khu-
roo et al. 1993). However, it was not possible to
negate the possibility of a re-exposure in the
intervening period. Specific IgA antibodies also
appear during acute HEV infection (Takahashi
et al. 2005); however, their exact significance
remains unclear.

In vitro studies have shown that anti-HEV
antibodies can neutralize the virus. This neutral-
ization ability applies not only to homologous
strains (belonging to the same genotype), but
also to heterologous isolates, which are the other
HEV genotypes that infect humans (Zhang et
al. 2012). Further, these antibodies have been
shown to protect against HEV infection in ex-
perimental animals as well as humans (Zhang
et al. 2012). However, because the antibody ti-
ters wane with time in at least a subset of those
infected (Khuroo et al. 1993), it remains unclear
how long the duration of natural protection
against HEV reinfection lasts. Thus, HEV infec-
tion has been reported among people who pre-
viously had anti-HEV antibodies (Zhang et al.
2014).

The neutralization epitopes are located on
the viral capsid protein coded by open reading
frame (ORF)2 (Zhang et al. 2005, 2012). Hence,
recombinant proteins corresponding to HEV

ORF2 protein have been tried as subunit HEV
vaccines. One of these vaccines, which contains
a recombinant protein with amino acid se-
quence corresponding to a part of capsid protein
of gt1 HEV, was tested in a large field trial in
China, andwas shown to be highly immunogen-
ic and to protect against HEV infection (Zhang
et al. 2015; see Innis and Lynch 2018). The anti-
HEV antibodies induced following administra-
tion of this vaccine remained detectable in a
large proportion of recipients even 4.5 years af-
ter the administration of the primary three-dose
schedule, although the titer declined with time
(Zhang et al. 2015).

Innate Immune Responses

Normal liver is rich in cells of the innate im-
mune system, including macrophages, natural
killer (NK) cells, and natural killer T (NKT)
cells. In addition, the hepatic NK cells have
greater cytotoxic ability than those circulating
in the blood. NK cells are known to play an
important direct or indirect role in the protec-
tion against other hepatotropic viruses (see Feng
and Lemon 2018). Thus, innate immune re-
sponses may reasonably be expected to help in
the clearance of HEV.

We found that peripheral blood mononu-
clear cells (PBMCs) from Indian patients with
acute hepatitis E, with human disease caused
exclusively by gt1 virus, had lower proportions
of NK and NKT cells than healthy subjects, but
the proportions of these cells that showed evi-
dence of activation were increased (Srivastava
et al. 2008). These changes reversed during fol-
low-up and were thought to represent preferen-
tial trafficking of NK and NKT cells to the liver,
which is the main site of inflammation in HEV
infection. In another study, PBMCs from pa-
tients with acute HEV infection showed greater
interferon (IFN)-γ production despite absence
of activation of HEV-specific CD4+ and CD8+

cells, suggesting that NK andNKT cells could be
the source of IFN-γ (Srivastava et al. 2007, 2008).

HEV may itself influence the development
of innate immune responses (see Feng and Lem-
on 2018). Thus, induction of expression of HEV
ORF1 protein (of gt1 isolate) in a hepatoma cell
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line led to impaired phosphorylation of IFN-
regulatory factor 3, and thus to a reduced expres-
sion of IFNs (Nan et al. 2014b). By contrast, the
expression of HEV ORF3 protein in a cell line
was associated with increased production of
IFNs (Nan et al. 2014a).

Cell-Mediated Immune Response

Cellular immune responses play a clear role in
containing viral infections. In particular, it has
been shown to be important for the clearance of
hepatitis B and C virus infections (Wieland and
Chisari 2005), with weaker cellular immune re-
sponses being associated with increased risk of
chronicity. Much less is known about the con-
tribution of T-cell immunity to acute liver injury
or control of HEV infection, particularly for gt1
and gt2 HEV infections (see Walker 2018).

In Indian patients with acute hepatitis E, en-
hanced proliferation of peripheral blood lym-
phocytes in response to HEV proteins and pep-
tides has been shown to occur, indicating the
activation of cellular immune responses (Naik
et al. 2002; Srivastava et al. 2007). Similar results
have also been shown among HEV-infected
pregnant women (Pal et al. 2005), who are
known to have particularly worse outcomes. Af-
ter clinical improvement and over time, these
HEV-specific T-cell responses seem to wane,
somewhat similar to the decline in anti-HEV
antibody titers. The HEV-specific T-cell re-
sponses are less strong inpatientswith fulminant
acute hepatitis E than in patients with milder or
uncomplicated disease (Srivastava et al. 2011).
However, it remains unclear whether these re-
duced T-cell responses are responsible for or
are the result of more severe disease outcome.

In a study of liver tissue from fatal cases with
fulminant hepatitis E or B referred to above
(Agrawal et al. 2012), the inflammatory cell in-
filtrate was similar in both diseases, being com-
posed predominantly of CD3+ T cells, in partic-
ular the cytotoxic (CD8+) cell subpopulation. In
another study, several immune response path-
ways, specifically those involving cytotoxic T
cells were activated in the livers of patients
with fulminant hepatitis E but not those with
fulminant hepatitis B (Naik et al. 2015). These

data suggest that CD8+ T-cell infiltration and
increased gene expression of cytotoxic T-cell
pathways in the liver may have a pathogenetic
role in HEV-induced liver injury.

Relation of Viral Factors with Disease
Severity

Besides the host immune response, viral factors
may also influence the severity of liver injury
during HEV infection. In a study of full-length
genomic sequences of HEV isolates from Indian
patients, six amino acid changes (F179S, A317T,
T735I, L1110F, V1120I, and F1439Y) in ORF1,
which encodes viral nonstructural proteins,
were identified in all patients with ALF but not
in those with uncomplicated acute hepatitis E
(Mishra et al. 2013). However, these observa-
tions were not validated in a meta-analysis of
patients with AVH-E and ALF-E (Smith and
Simmonds 2015). Two recent studies have led
to rekindling of interest in viral factors as deter-
minants of disease severity. One of these iden-
tified two novel mutations (C1483W and
N1530T) in the polymerase region of the HEV
genome in all 25 patients with ALF and none of
the patients with AVH (Borkakoti et al. 2016).
The other study by the same investigators iden-
tified three novel H105R, D29N, V27A muta-
tions in the methyltransferase region of the
HEV genome in all 16 ALF patients studied but
in none of a similar number with uncomplicated
AVH (Borkakoti et al. 2017). However, some-
what disconcertingly, the variations associated
with severe disease have varied across studies.

HEV Infection during Pregnancy

The precise mechanisms underlying the associ-
ation of pregnancy and severe disease outcomes
following gt1 HEV infection have not been
worked out although several explanations have
been proposed (Navaneethan et al. 2008; Renou
et al. 2008; Pérez-Gracia et al. 2017). It is possi-
ble that this association is mediated by changes
in hormonal milieu or in immune functions
during pregnancy.

Pregnancy resembles somewhat a state re-
sembling transplantation, whereby the mother’s
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body tolerates the presence within it of fetus,
which is a living “foreign” organ and which is
genetically distinct from the “pregnant host.”
Therefore, it is associated with immune changes
similar to those observed with immunological
tolerance, or immune suppression, such as a re-
duction in the number and cytotoxic activity of
circulating NK cells. This “acquired” partial im-
munosuppression may be associated with an in-
creased risk of acquiring HEV infection on ex-
posure, and of impaired host immunity against
the virus leading to unchecked viral replication
and severe disease. In this context, PBMC cells
frompregnantwomenwith acuteHEV infection
have been shown to have weaker lymphoproli-
ferative responses (Pal et al. 2005). These find-
ings are also in keeping with the observation of
higher viral titers in pregnant women with HEV
than in nonpregnant women (Kar et al. 2008;
Borkakoti et al. 2013), and prolonged viremia
(Begum et al. 2010).

Also, during pregnancy, the balance be-
tween the T helper cell (Th)1 arm of the im-
mune response, which is involved in activation
of cellular responses, and Th2 immune re-
sponse, which is involved more in activation of
humoral immune responses, is known to tilt in
favor of the latter (Pal et al. 2005). The Th1 arm
plays a role in clearing several viral infections,
including HBV and HCV viruses, and in the
induction of liver injury in infection with these
hepatotropic viruses. Therefore, a bias toward
Th2 response during pregnancy may allow for
an increased rate of HEV multiplication in the
host liver and thus greater liver injury.

Pregnancy is associated with excess of sev-
eral circulating hormones, for example, proges-
terone, estrogen, and human chorionic gonado-
tropin. These hormones may influence cellular
immune responses, and hence the outcome of
HEV infection. For instance, in one study, addi-
tion of sera derived from pregnant women en-
hanced the in vitro replication of HEV by sup-
pressing estrogen receptors and type I IFNs (Bi
et al. 2015). Another study suggested that re-
duced expression of progesterone receptor and
of a progesterone-induced blocking factor (Bose
et al. 2011) contributed to the severe HEV-relat-
ed liver injury in pregnant women.

A role of viral factors has also been suggest-
ed because HEV infection in pregnant women
in Egypt has been reported not to be associated
with ALF despite gt1 being the dominant geno-
type (Stoszek et al. 2006a). This suggests that
different strains of gt1 HEV may have a differ-
ent propensity to cause severe disease during
pregnancy.

The adverse effect of HEV on the fetus
could result indirectly from the maternal illness,
from a compromise of the placental function, or
from the transplacental infection of the fetus
itself.

Extrahepatic Manifestations

The most plausible mechanism for nonhepatic
organs involvement is indirect immune-medi-
ated injury and is unlikely to be related to direct
pathogenic effect of HEV (Wedemeyer and
Cornberg 2016). Such immune-mediated injury
could be caused either by anti-HEV antibodies
through immune-complex deposition or cross-
reactivity with a native auto-antigen, which
gets either exposed or modified because of
HEV infection.

HEV RNA has indeed been detected in ce-
rebrospinal fluid (CSF) of some patients with
gt3 HEV infection and neurological manifesta-
tions (Dalton et al. 2016). Also, several neuronal
cell lines have been shown to support replication
ofHEV; this capability appears to be stronger for
gt3 HEV than for gt1 HEV (Drave et al. 2016).
This has been suggested as an explanation for
the more frequent occurrence of neurological
manifestations with gt3 HEV infection than
with gt1 virus (Wedemeyer and Cornberg
2016). However, HEV has not been looked for
in the CSF of patients with gt1 HEV infection
and neurological illness.

Mechanisms postulated for occurrence
of pancreatic inflammation, the most common
form of extrahepatic involvement reported with
gt1 HEV infection, have included hypoten-
sion and ischemia, intrapancreatic hemorrhage
secondary to deranged coagulation, drugs, sep-
sis, oxidative stress, and multiorgan dysfunc-
tion syndrome (Raj et al. 2015). Unfortunately,
no studies have been performed to look for
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replication of HEV in the pancreatic tissue, to
clarify the role of viral multiplication within
this organ in this injury.

CONCLUDING REMARKS

Infections with gt1 or gt2 HEV are highly prev-
alent in several parts of Asia and Africa and
cause significant morbidity in the form of out-
breaks and sporadic cases of acute viral hepatitis.
The illness often lasts a few weeks but is gener-
ally self-limiting. However, a few cases, particu-
larly those with pregnancy or preexisting liver
disease, develop ALF, a severe disease with high
risk of mortality.

Although the exact pathogenesis of liver in-
jury has not been worked out, host immune re-
sponses appear to play a significant role. Further
work is needed to understand the effect of preg-
nancy on outcomes of gt1 or gt2 HEV infection,
and to develop and test interventions to prevent
the adverse outcome of this infection in preg-
nant women.
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