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Summary
Infection with hepatitis E virus (HEV) is a significant cause of
morbidity and mortality, representing an important global
health problem. Our understanding of HEV has changed
completely over the past decade. Previously, HEV was thought
to be limited to certain developing countries. We now know
that HEV is endemic in most high-income countries and is
largely a zoonotic infection. Given the paradigm shift in our
understanding of zoonotic HEV and that locally acquired HEV
is now the commonest cause of acute viral hepatitis in many
European countries, the focus of these Clinical Practice
Guidelines will be on HEV genotype 3 (and 4).
� 2018 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.
Term Definition
Introduction
As a cause of significant morbidity and mortality, infection with
hepatitis E virus (HEV) represents an important global public
health problem. The European Association for the Study of Liver
(EASL) invited a panel of experts in the field to develop Clinical
Practice Guidelines (CPGs) with a particular focus on HEV geno-
type (gt) 3. The objective of these CPGs was not to draft a review
article on hepatitis E but rather to define specific suggestions for
the management of distinct features of HEV infection, even
though the supporting evidence may be weak in many cases.
In order to keep the manuscript and the reference list to a rea-
sonable length, these CPGs frequently refer to previous review
articles which summarise the evidence on distinct topics in
more detail. In addition, despite the increasing knowledge, areas
of uncertainty exist and unanswered questions should be
defined. Therefore, clinicians, patients and public health author-
ities must continue to make choices on the basis of the evolving
evidence.
HEV

HEV infection

Hepatitis E

Extrahepatic

Hepatitis E virus

Infection caused by HEV which is either symptomatic or 
asymptomatic, including extrahepatic 
manifestations (e.g. neurological)

Clinical or biochemical evidence of hepatitis caused by HEV

Damage to tissues/organs outside the liver associated 
with/caused by HEV (see Table 2)
Methodology
These EASL CPGs have been prepared by a panel of experts
invited by the EASL Governing Board. The recommendations
were approved by the EASL Governing Board. They are based
as far as possible on evidence from existing publications and
presentations at international meetings as well as, if evidence
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was unavailable, the experts’ personal experiences and opin-
ions. Wherever possible, the level of evidence and recommenda-
tion are cited. The evidence and recommendations have been
graded according to the Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) system.1 Thus,
the strength of recommendations reflects the quality of under-
lying evidence. The quality of the evidence in the recommenda-
tions has been classified into one of three levels: high (A),
moderate (B) or low (C). The GRADE system offers two grades
of recommendation: strong (1) or weak (2). Thus, the recom-
mendations consider the quality of evidence: the higher the
quality of evidence, the more likely a strong recommendation
is warranted; the greater the variability in values and prefer-
ences, or the greater the uncertainty, the more likely a weaker
recommendation is warranted. It must be noted that only the
review of literature was used to inform recommendations.
Other criteria or support of recommendations such as cost, fea-
sibility, acceptability, or cost-effectiveness were not considered
(Table 1).
Background
HEV was discovered in the early 1980s. At that time, Soviet
troops in Afghanistan were affected by large outbreaks of unex-
plained hepatitis (testing negative for hepatitis A virus [HAV]
and hepatitis B virus [HBV]). A pooled sample of affected sol-
diers’ stool was ingested by a Russian scientist. He developed
a brisk hepatitis, and a new virus was found in his stool by elec-
tron microscopy.2 Subsequently the viral genome was cloned
and named HEV.3
SVR

R0

Sustained virologic response

The basic reproductive rate
This term equates to the number of individuals infected by 
an index case with an infectious disease. If R0 is >1 then 
the infection will spread through a naïve population. The R0 
of HEV in the pig population is up to 8. This means that 
HEV is highly infectious in the pig population, to a similar 
extent to measles in a measles naïve human population
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Table 1. Level of Evidence and Grade of Recommendations used in these CPGs.

Level of evidence* Confidence in the evidence

Level A Data derived from meta-analyses or systematic reviews or from
(multiple) randomised controlled trials (RCTs) with high quality.

Further research is unlikely to change our confidence in the estimate of
benefit and risk.

Level B Data derived from a single RCT or multiple non-randomised
studies.

Further research (if performed) is likely to have an impact on our
confidence in the estimate of benefit and risk and may change the
estimate.

Level C Small studies, retrospective observational studies, registries. Any estimate of effect is uncertain.

Recommendations
Grade Wording associated with the grade of recommendation

1 (strong) ‘‘must”, ‘‘should”, or ‘‘EASL recommends”
2 (weak) ‘‘can”, ‘‘may”, or ‘‘EASL suggests”
* Level of evidence was graded down if there is a poor quality, strong bias or inconsistency between studies. Level was graded up if there is a large effect size.
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Our understanding of HEV has changed completely over the
past decade. Previously, HEV was thought to be limited to cer-
tain developing countries and was only ever seen in high-
income countries in travellers returning from hyperendemic
areas in Asia or Africa. We now know that HEV is endemic in
most high-income countries and is largely a zoonotic infection,
with pigs as the primary host.4–6 Given the paradigm shift in our
understanding of zoonotic HEV and that locally acquired HEV is
now the commonest cause of acute viral hepatitis in many Euro-
pean countries,7 the focus of these CPGs will be on HEV gt 3
(and 4).
Virology
HEV belongs to the Hepeviridae, a diverse family of viruses
infecting mammals, birds and fish. Strains of HEV infecting
humans belong to the Orthohepevirus genus which is divided
into four species (A–D).8 Human cases of hepatitis E are
caused by strains within species A, which comprises eight
genotypes.9 Two of these (gt 1 and 2) only infect humans.
Gt 3 and 4 are endemic in animal species such as pigs and
wild boar; these strains cause zoonotic infections in humans,
via consumption of contaminated meat or direct contact and
other probable routes. At the molecular level, gt 3 is highly
diverse and includes related viruses found in rabbits, with
evidence of occasional infection with similar viruses in
humans.10 Thus far, gt 5 and 6 have only been reported in
wild boar. Recently, HEV gt 7 was identified in a patient
who regularly consumed camel meat and milk,11 and,
although no further human cases have been reported yet,
many strains have since been identified in camels (gt 7 and
8). While HEV is primarily a hepatotropic virus, infection of
other tissues, including neuronal, kidney and placental tissue,
has been reported, possibly explaining some of the
extrahepatic manifestations (reviewed in12,13).

HEV has a 7.2-kb positive-strand RNA genome which
encodes three open reading frames (ORFs).12 ORF1 encodes
the functional domains involved in replication of the viral gen-
ome (the so called ‘‘replicase”), including a methyl transferase, a
putative protease, an RNA helicase and an RNA-dependent RNA
polymerase (RdRp). ORF2 encodes the capsid and ORF3 encodes
a protein involved in release of viral particles from infected
cells.

Analysis of stool samples from HEV-infected individuals
demonstrated that viral particles are approximately 27–30 nm
in diameter.2 Virus excreted in bile and stool is non-
enveloped; however, quasi-enveloped forms of HEV exist in
Journal of Hepatology 20
the blood, with virions wrapped in membranes derived from
infected cells.14,15

Unanswered questions and perspectives
� Are other animal homologues of HEV capable of infecting

humans?
� Our understanding of the molecular virology and pathogene-

sis of hepatitis E is incomplete.
HEV genotypes 1 and 2
The key clinical observations from developing countries were
made in the 1950s and 1970s in India. In the mid 1950s there
was a major outbreak of unexplained hepatitis in Delhi,16 and
in 1978–9 in Kashmir, with high mortality observed in
pregnant women.17 These outbreaks were retrospectively
confirmed as being caused by HEV, and were the first well-
documented observations of excess maternal mortality associ-
ated with HEV.

HEV gt 1 and 2 are obligate human pathogens spread by the
faecal-oral route via contaminated water. They cause human
disease in areas with fragile sanitary infrastructure in Asia (gt
1), Africa (gt 1 and 2) and Mexico (gt 2). Sporadic cases are com-
mon, but are sometimes interspersed by large outbreaks involv-
ing thousands or tens of thousands of cases.5 More recently,
there have been ongoing, stuttering outbreaks in African refugee
camps, including recent and ongoing outbreaks in South Sudan,
Niger, Nigeria and Namibia.

HEV gt 1 and 2 usually cause a brief, self-limiting hepatitis
in young adults that is clinically indistinguishable from other
causes of acute viral hepatitis.5 The clinical attack rate on
exposure is approximately one in five.18 Chronic infection
with HEV gt 1 and 2 has not been reported so far. The
mortality rate in pregnant women is approximately 25%.
Deaths are caused by fulminant hepatic failure and obstetric
complications such as eclampsia and haemorrhage,5 which
are associated with a high perinatal infant mortality. The
cause of the excess maternal mortality is not known. Such
patients need to be cared for in a high-dependency setting.
Despite its possible teratogenicity there has been interest in
the use of ribavirin in pregnant women with HEV infection.
However, there are currently no data to support the use of
ribavirin in such patients.

Some studies also show a high mortality in patients with
underlying chronic liver disease who develop HEV infection.
This includes a study from India which shows that the 12-
month mortality rate in such patients approaches 70%.19 How-
ever, the mortality of HEV-related acute-on-chronic liver failure
18 vol. 68 j 1256–1271 1257
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varies widely in different studies. Studies from Asia, which
mainly involved HEV gt 1 infections, reported mortality rates
of between 0–67% in patients with chronic liver disease when
experiencing an HEV super-infection.20 In a cohort in India,
HEV most commonly complicated patients with Wilson’s dis-
ease.21 In a recent analysis of 368 patients with acute-on-
chronic liver failure, HEV-associated cases were described as
having a more benign course than alcohol-associated cases.22

In 2005, the global burden of disease of HEV was estimated
to be 20 million infections, with three million symptomatic
cases and 70,000 deaths per year.18 This estimate is problematic
for two reasons: firstly, it is not a complete estimate of the
worldwide burden of HEV, as it only considered infections in a
limited number of developing countries where HEV gt 1 and 2
predominate. It took no account of zoonotic HEV, which is ende-
mic in high-income countries. Secondly, the global burden esti-
mate was based, at least in part, on seroprevalence data. These
studies used 1st and 2nd generation serological assays with
very poor sensitivity. For instance, a study in a rural Bangladeshi
population was found to have underestimated the true sero-
prevalence by 100%, when a validated highly sensitive assay
was used.23 Thus, our current estimate of global burden of
HEV is of limited value, and requires updating urgently.

In some countries, the epidemiology of HEV is changing, as
zoonotic HEV infection has emerged. The best example of this
is China where previously HEV gt 1 was the dominant circulat-
ing genotype.24 In recent years, particularly in Eastern China, gt
1 has become much less common and gt 4 is now the most
common genotype found in human cases.5 In addition, the
demographic has changed to that seen in high-income countries
with zoonotic HEV gt 3 and 4, as hepatitis E is now most com-
monly observed in middle-aged Chinese men. The reasons for
this shift from gt 1 to gt 4 are uncertain. It could reflect
improvements in sanitary infrastructure, which have asserted
a negative ecological pressure on HEV gt 1. An alternative
possibility is that the R0 of HEV gt 4 may be much higher than
previously thought. Very recent data show that the consump-
tion of pork is associated with HEV IgG seropositivity in areas
previously considered endemic for gt 1, including Nepal25 and
South Africa.26 The issue of co-circulating zoonotic and non-
zoonotic strains in such geographical settings merits further
study. In other low-income settings, zoonotic HEV seems to be
the dominant genotype. A good example of this is in South
America, where HEV infection is almost universally caused by
HEV gt 3.27 The epidemiology of HEV in South America is thus
very similar to high-income countries with zoonotic HEV,
including Europe.

Recommendations

� Travellers with hepatitis returning from areas endemic
for HEV gt 1 or 2 should be tested for HEV. (A1)

� Pregnant women with HEV gt 1 or 2 should be cared for
in a high-dependency setting, and transferred to a liver
transplant unit if liver failure occurs. (A1)
12
Unanswered questions and perspectives
� There are insufficient data to support the use of ribavirin in

pregnant women with HEV infection.
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The rest of these guidelines is restricted to HEV gt 3 and 4 in
developed countries. For more detailed guidance regarding the
clinical management of outbreaks of acute HEV in resource-
limited settings, please see the World Health Organization
(WHO) Guidelines.28
Epidemiology
Based on recent seroprevalence and very recent blood donor
data it is likely that there are at least two million locally
acquired HEV infections in Europe every year.7,29,30 In high-
income countries, including Europe, hepatitis E is mostly a
locally acquired zoonotic infection. In France there were
approximately 2,000 laboratory-confirmed infections with
HEV in 2014, and 99% were in non-travellers caused almost uni-
versally by HEV gt 3, with occasional cases caused by HEV gt 4.
An increasing number of animals have been found to carry HEV,
most of which have little relevance to human infection. Animals
carrying HEV that have implications for human health are more
limited and include pigs, wild boar and deer (all gt 3, or 4).6 In
addition, there are more limited data suggesting that other ani-
mals may have a role, including rabbits, camels (gt 7) and shell-
fish. However, the true primary host for HEV is the pig. HEV is
found in pigs worldwide, but causes no symptoms. HEV is
highly infectious to pigs (R0 = 8.8), and once one animal in a
pig herd becomes infected it is almost certain that all the ani-
mals in that herd will become infected as well.31 The evidence
suggesting a primarily porcine origin of zoonotic HEV comes
from molecular epidemiological studies. These show that HEV
recovered from humans has close sequence homology to HEV
found in local pig and wild boar populations. In addition, sero-
prevalence studies have shown high HEV exposure rates in vet-
erinarians caring for pigs and other individuals with close
contact with these animals.4–6

Infectious HEV has been found in every step of the food chain
(from slaughter house to grocery shelves) in a number of differ-
ent countries including in Europe,32 Japan and the USA. An
important route of infection is by consumption of infected pig
meat products which have been undercooked or consumed
without cooking, e.g. air-dried sausage such as figatellu, which
is a culinary delicacy in southern France. Small outbreaks of
hepatitis E have been directly linked to consumption of prod-
ucts such as figatellu by analysis of HEV sequences in the
patients, as well as the sausages.33 However, there are other
possible routes of human infection. When infected, pigs excrete
a huge amount of HEV in the stool. This has led to environmen-
tal contamination including slurry lagoons, streams and rivers.
HEV has consequently been found in shellfish and in soft fruits
and salads irrigated with infected water.5,6,34,35 Recent data
shows that HEV gt 3 has found its way to the top of the aquatic
food chain, as it has been found in dolphins in Cuba.36 A study
from France showed that drinking bottled water was protective
against exposure to HEV, but whether domestic water supplies
are a significant source of human infection remains an open
question.37 HEV gt 4 has been found in cattle in China; it was
also documented in their milk and was able to survive pasteuri-
sation.38 This has not yet been confirmed in other regions such
as Europe.39 Finally, although HEV gt 3 is the dominant circulat-
ing genotype in Europe, gt 4 has been found in a small number
of European pigs, and there are occasional human cases/clusters
with gt 4 which have been noted in a number of countries,
18 vol. 68 j 1256–1271
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including Italy and France.40 How HEV gt 4 has found its way
into Europe is unknown.

The incidence of HEV infection varies between and within
countries and over time (see Table S1), for reasons that are
unknown. For example, the incidence of HEV infection is particu-
larly high in France, compared tomany other countries. However,
a recent study has shown that human infection with HEV is not
uniformly distributed in France (incidence assessed by anti-
HEV IgM ranging from 0.4% to 4.6%), and is highest in the south-
west and southeast of the country. These areas have such a high
incidence of HEV infection that they can be considered hyperen-
demic.37 The reasons for these observations are uncertain.

Studies have shown that, at least in England, Germany and
Denmark, the seroprevalence of HEV declined in the last few
decades of the 20th Century. These data suggest that there
was a ‘cohort effect’, with many individuals being infected dur-
ing the period following the 2nd World War.41 More recently, in
a European Centre for Disease Control (ECDC) sponsored study,
countries in Europe have universally seen very significant
increases in laboratory-confirmed cases of HEV infection.7 This
is partly explained by improved case ascertainment, because
clinicians have become aware of the importance of locally
acquired infection. In addition, there has been a significant
increase in incidence in some countries, including the Nether-
lands, France, England, and Scotland. For example, in Scotland
the number of viraemic blood donors has recently increased
from 1:14,500 to 1:2,481, which has been accompanied by a
100% increase in seroprevalence in Edinburgh, mainly amongst
individuals <35 years of age.42 Temporally associated with this
increase in incidence, the origin of Scottish human HEV infec-
tion appears to have changed. Previously, HEV documented in
humans had close sequence homology to HEV found in Scottish
pigs, but it now bears very close sequence homology to HEV
found in pigs from Continental Europe. This implies there has
been a recent significant change in the amount of HEV contam-
ination of the human food chain originating from Continental
Europe.43

In recent years, it has become apparent that there are ‘hot-
spots’ of HEV infection in Europe. This includes southwest
France (incidence 3–4%);37 the Netherlands (1:600 blood donors
viraemic, 2014);44 Scotland (1:2,481 donors viraemic, 201642);
western Germany (1:616 blood donors viraemic, 2015;45 Czech
Republic (400 laboratory-confirmed cases 2015);7 Abruzzo, cen-
tral Italy (seroprevalence 49%)46 and western/central Poland
(seroprevalence 50%).30 There may well be other areas, as yet
unidentified, with high levels of circulating virus. Recently, the
ECDC has taken an active role in addressing the threat of zoono-
tic HEV to the human population in Europe, using a ‘One Health’
approach. This has culminated in the establishment of ‘HEVnet’,
which is based at The Dutch National Institute for Public Health
and the Environment (RIVM) in the Netherlands.47 The objective
of this exercise is to develop a central repository for human and
animal HEV sequences, together with key anonymised clinical
data from human cases. ‘HEVnet’ is, therefore, likely to be a very
important tool for improving the future understanding of HEV
epidemiology.
Unanswered questions and perspectives
� How do routes of HEV infections vary by geographical

location?
� Why are there ‘hot-spots’ of HEV infection in certain

locations?
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� Why has HEV infection increased in some countries in recent
years?

� HEV dose-dependence of clinical and immunological pre-
sentation, as well as variable duration of serological mark-
ers of the infection, need to be carefully studied to develop
and match serological assays to certain epidemiological
settings.

� Does person to person spread occur with HEV gt 3 and 4?
Clinical aspects: acute infection
Acute HEV gt 3 infection is clinically silent in the vast majority
of patients. Only a minority (probably less than 5%) develop
symptoms of acute hepatitis with elevated liver enzymes, jaun-
dice and non-specific symptoms such as fatigue, itching and
nausea. However, HEV infection is the major cause of acute viral
hepatitis in many European countries and in Germany, the UK
and France there have been more reported cases of acute
hepatitis E than of HAV or acute HBV infections in 2015–16.7

Immunocompetent patients with acute hepatitis E can clear
the infection spontaneously, but there have been a few reports
of cases with more prolonged viraemia. Monitoring of liver
enzymes and liver function parameters is sufficient during acute
hepatitis E infection, in patients who do not suffer from other
chronic diseases. Progression to acute liver failure (ALF) is rare
in patients with HEV gt 3 infection. However, single cases of
ALF due to HEV infection have been reported in several Euro-
pean countries. In a German single centre study of 80 patients
with ALF, HEV RNA was found in 10% of patients and HEV con-
sidered as the probable cause.48 Patients with confirmed acute
hepatitis E should be monitored for aminotransferases (alanine
aminotransferase [ALT], aspartate aminotransferase [AST]),
bilirubin and INR. Once HEV infection is cleared, patients
develop immunity against HEV which is not sterilising. Thus,
re-infection with HEV is possible even though the likelihood
of developing symptomatic hepatitis is reduced compared to
non-immune individuals.

In contrast to HEV in developing countries, HEV gt 3 and 4
tend to affect older males. In one study from England the M:F
ratio was 3:1, and the median age 63 years.49 The finding that
older males are most likely to develop clinically apparent acute
hepatitis on exposure to HEV gt 3 and 4 is a consistent observa-
tion, but unexplained. It seems likely that this relates to host
factors, rather than differential exposure, as individuals of all
ages appear to be exposed to HEV. One possible explanation is
that clinically apparent hepatitis is more likely to be evident
in patients with subclinical hepatic steatosis/fibrosis. In a study
from England, some patients with hepatitis E were heavy alco-
hol consumers and an excess number were diabetic, both of
which are risk factors for hepatic steatosis and fibrosis.50

Acute hepatitis E is a concern in patients with underlying
chronic liver disease. Some cases of acute-on-chronic liver fail-
ure are caused by HEV infection. This is a particular problem in
elderly patients where acute hepatitis may take a more severe
course. HEV infection may be less relevant in European patients
with decompensated cirrhosis. Only 11/343 patients with
decompensated chronic liver disease followed in France or the
UK had acute hepatitis E and three of those died.51 Of note,
HEV did not alter the mortality in this study, compared to other
causes of hepatic decompensation. These findings are in line
with data from France showing a low prevalence of HEV
infection in patients with severe acute alcoholic hepatitis.52
18 vol. 68 j 1256–1271 1259
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There are only a few case reports of HEV gt 3 and 4 in preg-
nancy. Excess maternal mortality has not been observed.

Recommendations

� All patients with symptoms consistent with acute hep-
atitis should be tested for hepatitis E. (A1)

� EASL suggests testing for hepatitis E in patients with
unexplained flares of chronic liver disease. (C2)
12
Unanswered questions and perspectives
� Why are most cases of symptomatic acute hepatitis E seen in

older men?
� What is the duration of viraemia in asymptomatic HEV

infections?
� What is the role of HEV in decompensated chronic liver

disease?
� What is the clinical relevance of re-infection with HEV, and

how commonly does this occur?
Clinical aspects: chronic infection
Immunosuppressed patients can fail to clear HEV infection.53–55

Such patients develop chronic hepatitis, but this has only been
seen in patients infected with HEV gt 3 or 4 to date.53–55 Chronic
HEV infection has been defined as a persistence of HEV replica-
tion for six months.53 However, in an observational study per-
formed in solid organ transplant recipients, it was observed
that no spontaneous HEV clearance occurred between three
and six months after infection, and spontaneous HEV clearance
occurred only within the first three months after infection.56

These data suggest that in solid organ transplant recipients,
patients who are viraemic for more than three months after
HEV infection can be regarded as chronically infected and con-
sidered for treatment.56 However, in a small number of cases,
spontaneous clearance has been observed between three and
six months.57

The clinical presentation of chronic HEV infection has mainly
been described in the setting of organ transplantation, but is
similar in other immunosuppressed groups including patients
with haematological disorders, individuals living with HIV,
and patients with rheumatic disorders receiving heavy
immunosuppression. In a series of 85 solid organ transplant
recipients, only one-third of patients were symptomatic, with
fatigue as the main symptom.58 The majority of patients are
asymptomatic and present with mild and persistent liver func-
tion test (LFT) abnormalities: in one study of chronically
infected transplant recipients, the median ALT, AST and
gamma-glutamyl transferase levels at diagnosis were 260 ± 38
IU/L, 155 ± 25 IU/L, and 308 ± 56 IU/L, respectively.58 It is impor-
tant to note that some patients had normal or only very slightly
increased liver enzyme levels. In addition, in some patients with
persistent HEV replication both anti-HEV IgG and IgM remain
negative.58 It is therefore mandatory that such patients are
assessed with nucleic acid amplification techniques (NATs)
using serum or plasma and, if possible, stool samples.

One-third of solid organ transplant recipients infected by
HEV have resolving hepatitis and the remaining patients
develop chronic hepatitis.58,59 Other smaller studies show that
progression to chronic infection occurs in less than 50% of
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patients.60 In solid organ transplant recipients infected with
HEV gt 3 rapid progression of liver fibrosis has been observed,
leading to cirrhosis and, in some cases, decompensation and
death.53–55,59 There appears to be no difference in HEV RNA con-
centration between patients with or without progressive liver
fibrosis.61 Interestingly, liver fibrosis can regress after HEV
clearance.59 Extrahepatic HEV-associated manifestations, i.e.
neurological and renal injury, have been observed both during
acute and chronic HEV infection (see below).62–64 In solid organ
transplant recipients, a low lymphocyte count at diagnosis and
the use of tacrolimus (rather than cyclosporine A) are associated
with the development of chronic infection after exposure to
HEV.58 Among patients with HIV infection, chronic HEV infec-
tion has mostly been described in those with a CD4+ T-cell count
<200/mm3.65 No predictive factor(s) for the development of
chronic HEV infection have been identified in other immuno-
suppressed groups.

Recommendations

� EASL recommends HEV testing in all immunosuppressed
patients with unexplained abnormal LFTs. (A1)
18
Unanswered questions and perspectives
� What is the definition of chronic HEV infection?
� When should therapy be initiated? How long should we wait?
Extrahepatic manifestations
Extrahepatic manifestations of HEV infection are increasingly
recognised (Table 2), the most important being neurological.

Neurological injury
HEV infection has been described in association with a range of
neurological injuries. To date, approximately 150 cases of neuro-
logical injury in the context of HEV gt 3 infection have been
described, mainly from Europe.63 HEV-associated neurological
injury has also been described in Asia in the context of HEV
gt 1 infection. Most (>90%) cases have been documented in the
immunocompetent, but neurological injury also occurs in the
context of chronic infection with HEV gt 3. Neurological pathol-
ogy that has been described in association with HEV infection
includes neuralgic amyotrophy (NA), Guillain-Barré syndrome
(GBS), encephalitis/myelitis, mononeuritis multiplex, Bell’s
palsy, vestibular neuritis, myositis and peripheral neuropathy.
The best documented are NA, GBS, and encephalitis/myelitis.63,66

There have been several cohort and case studies of HEV
infection in patients with NA. These are almost universally from
Europe in the context of HEV gt 3 infection. In an Anglo/Dutch
cohort study, 5/47 (10.6%) of patients with NA had evidence of
HEV infection at the start of their illness.67 Very recent data,
from a multicentre study of 118 patients with NA in Europe,
shows that patients with HEV-associated disease have a distinct
clinical phenotype, compared to patients with NA, without evi-
dence of HEV infection. Patients with HEV-associated NA were
significantly more likely to have bilateral involvement of, and
more extensive damage to, the brachial plexus. They were also
more likely to have neurological damage outside the brachial
plexus, particularly phrenic nerve involvement.68 Another
recent European multicentre study systematically tested over
vol. 68 j 1256–1271



Table 2. Extrahepatic manifestations of acute and chronic hepatitis E.

Organ system Clinical syndrome Notes

Neurological � *Neuralgic amyotrophy
� *Guillain-Barré syndrome
� *Meningoencephalitis
� Mononeuritis multiplex
� Myositis
� Bell’s palsy, vestibular neuritis and

peripheral neuropathy

See main text

Renal* � Membranoproliferative and
membranous glomerulonephritis

� IgA nephropathy

See main text

Haematological � Thrombocytopenia
� Monoclonal immunoglobulin
� Cryoglobulinemia
� Aplastic anaemia
� Haemolytic anaemia

� Mild thrombocytopenia is common. Occasionally severe
� Reported in 25% of cases of acute HEV in UK study. Significance uncertain
� Occurs mainly in association with renal disease
� case reports only
� case reports only

Other � Acute pancreatitis
� Arthritis
� Myocarditis
� Autoimmune thyroiditis

� 55 cases worldwide. HEV gt 1 only. The pancreatitis is usually mild
� Case reports only
� Case reports only
� Case reports only

* There is good evidence to support a causal role for HEV and these associated conditions. For the other extrahepatic manifestations, causality remains to be established.
HEV, hepatitis E virus.
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450 consecutive patients with acute onset of non-traumatic
neurological injury prospectively. Evidence of HEV infection
was found in 2.4% of patients, three of whom had NA with bilat-
eral involvement, which we now know is the clinical phenotype
associated with HEV infection.69 Finally, it is worth noting that
in one centre’s experience (Dalton et al.) the triad of bilateral
shoulder pain in a middle-aged male with abnormal LFTs is
highly predictive of HEV infection.70

There have been three case-control studies on HEV infection
and GBS from the Netherlands, Bangladesh and Japan.71–73 Col-
lectively these studies confirm the relationship between HEV
infection and GBS, as evidence of HEV infection at the start of
the neurological illness was found in 5–11% of patients, signifi-
cantly higher than in controls. In addition, in a very recent
cohort study from Belgium, 6/73 (8%) of patients with GBS
had evidence of HEV infection.74

There have been 12 case reports/small case series on HEV
infection and encephalitis/myelitis, from Europe, Asia and the
USA. Some cases had features of additional involvement of the
peripheral nervous system. Five of the cases were in immuno-
compromised transplant recipients in the context of chronic
HEV gt 3 infection. Several of these patients had a prominent
ataxic component to their neurological symptomatology. These
patients had poor outcomes, with long-term neurological
sequelae and two deaths.63 In one of these patients, ‘quasis-
pecies compartmentalisation’ was noted, i.e. there was a signif-
icant difference in sequence homology in HEV RNA from the
serum and cerebrospinal fluid.75 This raises the question of
whether certain strains of HEV might be neurotropic.

In all of the aforementioned studies, the patients with HEV-
associated neurological injury generally had only modest abnor-
malities of liver function, and were mostly anicteric. Some
patients had normal LFTs. Thus, the neurological symptoms
and signs dominated the clinical picture. Pathogenic mecha-
nisms are uncertain, but could be due to molecular mimicry,
which would be congruent with current notions in NA and
GBS, or due to direct neurotropism. It seems likely that, at least
in the case of NA, GBS and encephalitis/myelitis, the relation-
ship between HEV infection and neurological damage is
causal.63 The evidence to support causality includes the number
Journal of Hepatology 20
and homogeneity of cases over time and geographical location;
case-control data in GBS; documentation of HEV RNA in the
serum and cerebrospinal fluid, with quasispecies compartmen-
talisation in some cases; intrathecal anti-HEV IgM synthesis;
resolution of neurological symptoms with viral clearance;76

in vitro data that show HEV can grow on a range of neurological
cell lines; and in vivo animal studies that show HEV can cross
the blood-brain barrier.77

Renal injury
HEV can cause glomerulonephritis in both immunocompetent
and immunosuppressed patients.64,78–81 Renal impairment has
been documented in solid organ transplant recipients during
acute HEV infection.64 Cases of membranoproliferative glomeru-
lonephritis with and without cryoglobulinaemia, as well as cases
of membranous glomerulonephritis have been reported, mainly
in immunosuppressed patients infected by HEV gt 3.78–81 Cases
of membranoproliferative and membranous glomerulonephritis
have been documented with HEV gt 1 and 3 in the immunocom-
petent.78,81 Renal function improves and proteinuria levels
decrease following HEV clearance, either spontaneously or fol-
lowing therapy.79,80 These data suggest the relationship
between HEV infection and the associated renal injury is likely
to be causal. Of note, in one case, HEV RNA was isolated from
the cryoprecipitate obtained from a patient who developed
HEV-associated cryoglobulinaemic glomerulonephritis.81

Cryoglobulinaemia
Cryoglobulinaemia has been observed in patients chronically
infected by HEV: it disappears following antiviral therapy.64,81

Anti-HEV IgG seroprevalence seems to be higher in patients
with essential cryoglobulinaemia.82,83 Finally, HEV-associated
cryoglobulinaemia with arthralgia, myalgia and rash has been
also reported in a liver transplant recipient.84

Pancreatitis
Acute pancreatitis episodes have been reported in patients
infected with HEV gt 1 from Southeast Asia.85–87 However, no
cases of acute pancreatitis have been documented in patients
with HEV gt 3 or 4 infections.
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Fig. 1. Diagnostic algorithm for HEV infection. Serology and NAT testing are
best used in combination, as a negative PCR does not exclude acute infection;
serology is sometimes negative in the immunosuppressed patients with
chronic infection. HEV, hepatitis E virus; NAT, nucleic acid amplification
techniques.
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Haematological disorders
Severe thrombocytopenia has been described in patients with
acute HEV gt 1 and 3 infections.66,88–91 HEV infection has been
associated with a few other haematological disorders, mostly
described as single case reports. These include autoimmune
haemolytic anaemia, aplastic anaemia, and acute liver failure
associated with pure red-cell aplasia.92–94 Asymptomatic mon-
oclonal paraprotein has been documented in up to 25% patients
infected with HEV gt 3.66 The clinical significance of this obser-
vation is uncertain.

Other manifestations
Several other extrahepatic disorders have been described with
HEV infection. These include myocarditis,95 thyroiditis,96

Henoch-Schönlein purpura,97 and myasthenia gravis.98 A causal
relationship between these associations has not been
established.

Recommendations

� EASL recommends HEV testing, irrespective of LFT
results, in patients presenting with NA (B1) and GBS
(B1) and suggests HEV testing for patients with
encephalitis/myelitis. (C2)

� EASL suggests testing patients with HEV infection for
proteinuria. (C2)

� Patients with acute or chronic HEV infection who
develop new onset proteinuria may be considered for a
renal biopsy. (C2)

� EASL suggests antiviral treatment for patients with
chronic HEV infection and associated glomerular disease.
(C2)
12
Unanswered questions and perspectives
� What are the neurological conditions which are causally

related to HEV infection?
� What are the pathogenic mechanisms of HEV-associated

extrahepatic injury?
� What is the incidence of HEV-associated glomerulonephritis?
� Are there any other HEV-associated extrahepatic manifesta-

tions that remain to be discovered?
� The treatment of most extrahepatic manifestations of HEV

infection remains to be determined.
Diagnosis
Laboratory diagnosis
The incubation period for hepatitis E is approximately 15 to 60
days. Around three weeks post-infection, HEV RNA is detected
in blood and stool, with viraemia lasting approximately three
to six weeks, and shedding of virus in stool for approximately
four to six weeks. The first appearance of HEV RNA occurs
shortly before the onset of symptoms. Around the time of clin-
ical onset, biochemical markers become elevated and antibodies
start to appear, with IgM antibodies appearing first, followed
soon after by IgG antibodies. The IgM antibodies are relatively
short-lived (usually no longer than three to four months, but
may persist for up to a year); however, the IgG response is long
lasting with increasing antibody avidity over time.
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Molecular analysis
Detection of HEV RNA in blood or stool is indicative of HEV
infection. In immunosuppressed patients with chronic hepatitis
E, anti-HEV antibodies are often undetectable, and in such cases
NATs are the only reliable means of diagnosis (Fig. 1). Chronic
cases of hepatitis E are defined as HEV RNA being detectable
for at least three months. In such chronic cases, viral load test-
ing is used to evaluate the response of patients to modification
of immunosuppressive drug treatment or antiviral therapy, as
well as to identify relapsing infections.

NATs are used for the detection of HEV RNA. An evaluation of
laboratory testing for HEV RNA by NATs revealed wide varia-
tions in the performance of different assays99 and led to the
development of the 1st WHO International Standard (IS) for
HEV RNA for NAT-based assays100 and the 1st WHO interna-
tional Reference Panel (IRP) for HEV gt 1–4. The availability of
the WHO IS and IRP has facilitated the comparison of the results
of diagnostic tests performed by different laboratories, helping
to harmonise testing. The WHO IS is an important tool for defin-
ing the analytical sensitivity of assays and enables reporting
using a common unit, i.e. International Unit (IU); this provides
a system of traceability. Analytical sensitivity of NAT-based
assays can be lower than 10 IU/ml.

Many different NAT-based assays have been reported for the
detection of HEV RNA in serum and plasma or stool samples:
these include conventional reverse transcription PCR (RT-PCR)
and nested protocols, real-time RT-PCR, transcription-
mediated amplification methods including, for example, reverse
transcription loop-mediated isothermal amplification.99–102 The
most frequently used assays for the detection of HEV RNA target
highly conserved regions of the genome, in particular the region
of ORF2 that overlaps ORF3, and are able to detect all four major
genotypes of HEV that infect humans.103 The sensitivity and
specificity of assays depend upon well-designed primer and
probe sequences. Occasionally, however, polymorphisms have
resulted in false negative results in patients with HEV infection,
so improvements have been made to the robustness of existing
assays.104 Sequence analysis is used to determine HEV
genotype.
18 vol. 68 j 1256–1271



Table 3. Laboratory diagnosis of HEV infection.

Infection status Positive markers

Current infection - acute � HEV RNA
� HEV RNA + anti-HEV IgM
� HEV RNA + anti-HEV IgG*

� HEV RNA + anti-HEV IgM + anti-HEV IgG
� Anti-HEV IgM + anti-HEV IgG (rising)
� HEV antigen

Current infection - chronic � HEV RNA (± anti-HEV) ≥3 months
� HEV antigen

Past infection � Anti-HEV IgG
*Patients with re-infection are typically anti-HEV IgM negative, but IgG and PCR
positive. HEV, hepatitis E virus.
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Antibody assays
Acute HEV infection can also be diagnosed by the detection of
anti-HEV antibodies (IgM, IgG or both) by enzyme immunoas-
says in combination with HEV NAT. Serological testing alone,
relies upon detection of anti-IgM and (rising) IgG titres (Table 3),
since the specificity of certain assays is not optimal and anti-
HEV IgM on its own is not a sufficiently robust marker for diag-
nosis.105 Immunoblots are available for confirmatory testing,
although they suffer from the same limitations and so have
proved ineffective. Occasionally, anti-HEV IgA antibodies are
used for diagnosis of acute hepatitis E; however, such assays
are not widely available. Past infection is determined by the
presence of anti-HEV IgG.106 In studies investigating seropreva-
lence, sub-optimal performance of certain assays which lack
sensitivity has previously resulted in very significant underesti-
mates of populations’ exposure to HEV.106

Antigen assays
Detection of HEV antigen by enzyme immunoassays may also
be used to diagnose both acute and chronic infections. Older
versions of the antigen assays were not as sensitive as NATs,107

however, newer assays offer improved sensitivity.108,109 HEV
antigen levels may be lower in patients with acute hepatitis E
than in patients with chronic hepatitis E, with an OD450/630
of >15 suggested to discriminate between acutely and chroni-
cally infected individuals in one study.110 Importantly, HEV
antigen may persist for several months after ribavirin-induced
HEV RNA clearance of chronic hepatitis E. This observation,
and experimental data, suggest that the presence of HEV anti-
gen does not necessarily correlate with infectious virions.110

In one recent study, it was suggested that glycosylated forms
of ORF2 are excreted in the sera of infected patients at high
levels; however, infectious virions are associated with the much
less abundant non-glycosylated form of ORF2.111

Immunohistochemistry
Immunohistochemistry for HEV ORF2 protein can be used to
establish a histopathologic diagnosis of hepatitis E.112

Recommendations

� EASL recommends using a combination of serology and
NAT testing to diagnose HEV infection. (A1)

� EASL recommends NAT testing to diagnose chronic HEV
infection. (A1)
Unanswered questions and perspectives
� The role of HEV antigen in diagnosis remains to be

determined.

Differential diagnosis
The differential diagnosis of HEV infection is shown (Table 4).
An important differential diagnosis of acute hepatitis E is
drug-induced liver injury (DILI).113 In a cohort study of UK
patients with ‘criterion-referenced’ DILI, it was found that in
13% the diagnosis of DILI was erroneous, as the patients had
acute hepatitis E, caused by gt 3.114 This is an easy mistake to
make as polypharmacy and DILI are both most common in the
elderly, as is acute hepatitis E. Therefore, it is important to note
that when making a diagnosis of DILI, particularly in a patient
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with a predominant aminotransferase elevation, it is key to first
exclude HEV infection. Another common diagnostic difficulty is
distinguishing between autoimmune hepatitis and acute hep-
atitis E. It is not uncommon for autoimmune hepatitis to present
for the first time in older patients, and be associated with non-
specific ‘sticky’ cross-reactive antibodies, which can produce
false positive HEV serology results. False positive HEV serology
can occur in the context of Epstein-Barr virus infection, also due
to cross-reactive antibodies.105

Previously, only patients who had travelled to areas in Asia
and Africa that are hyperendemic for HEV gt 1 and 2 were con-
sidered for HEV testing. We now know that the vast majority of
patients with hepatitis E in developed countries have locally
acquired infection, so in most countries national diagnostic test-
ing algorithms have been changed. Any patient presenting with
biochemical evidence of hepatitis should be considered for HEV
testing, irrespective of travel history. In some countries, patients
presenting with hepatitis are only tested for HEV if the ‘first-
line’ virological testing (for HAV, HBV and hepatitis C virus
[HCV]) is negative. This is no longer appropriate, as we know
that acute hepatitis E is the commonest cause of acute viral hep-
atitis in many countries. Therefore, all patients presenting with
hepatitis should be tested for HEV at presentation (Table 5).

Recommendations

� All patients with hepatitis should be tested for HEV, as
part of the first-line virological investigation, irrespec-
tive of travel history. (A1)

� Patients presenting with suspected DILI should be tested
for HEV. (A1)
18
HEV and the blood supply
In addition to zoonotic transmission, HEV can be transmitted
iatrogenically between humans through infected blood and
blood products. Transfusion-transmitted HEV infection has been
documented in many countries in Europe (HEV gt 3) and Japan
(HEV gt 3 and gt 4). Most cases of transfusion-transmitted HEV
infection are asymptomatic, and only a small minority of recip-
ients of infected blood or blood products develop symptomatic
hepatitis. When infected blood or components are given to the
immunosuppressed, there is a significant risk that the recipient
will develop chronic HEV infection. This is quite easily over-
looked, as infected recipients have no symptoms and develop
only minor persistent abnormalities in liver function, which
may be delayed for months after infection. Transmission of
HEV by solvent/detergent-treated plasma has been reported,
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Table 4. Differential diagnosis of hepatitis E.

Infection status Differential diagnosis

Acute infection* � Drug-induced liver injury
� Autoimmune hepatitis
� Acute hepatitis E
� Sero-negative hepatitis
� EBV hepatitis
� Acute hepatitis B
� Acute hepatitis A
� Acute hepatitis C
� CMV hepatitis

Chronic infection in the
immunosuppressed

� Graft rejection
� Drug-induced liver injury
� Recurrence of primary liver pathology in

liver transplant recipients
� Graft vs. host disease
� Intercurrent infections, e.g. sepsis
� Chronic hepatitis E
� EBV and CMV reactivation

* The differential diagnosis is in order of frequency of each condition seen at a rapid-
access jaundice clinic in Southwest England. CMV, cytomegalovirus; EBV, Epstein-
Barr virus.

Clinical Practice Guidelines
and since 2015 in Europe solvent/detergent-treated plasma is
tested for HEV by NAT. There are currently no reports of HEV
transmission by virally-inactivated fractionated blood products
(purified plasma proteins).

Transfusion-transmitted HEV infection has been most well-
documented in England and Japan.29 In a study from 2012–13,
in southeast England, 225,000 blood donors were screened for
HEV by PCR. Seventy-nine donors were viraemic (gt 3) and 62
infected blood components were used prior to identification of
donor viraemia.29 Follow-up of 43 recipients showed 18 (42%)
had evidence of infection, which was more likely with high
donor viral loads and low levels of donor IgG antibody. Three
patients required intervention with reduced immunosuppres-
sion (n = 1) or ribavirin therapy (n = 2) to successfully achieve
viral clearance. In this study the minimum infective dose con-
tained a viral load of 2 � 104 IU HEV RNA, and 55% of blood
components with at least this dose transmitted infection.29 In
Japan, 20 cases of transfusion-transmitted infection have been
documented in recent years. In an analysis of 19 of these cases,
caused mostly by HEV gt 3 and two by gt 4, the minimum infec-
tive dose was 3.6 � 104 IU HEV RNA and the rate of infection
was 50%.115 The presence of anti-HEV IgG in recipients does
not necessarily protect the recipient from transfusion-
transmitted infection, as low levels of antibody appear not to
prevent re-infection.

As zoonotic HEV infection is very common in many devel-
oped countries and mostly asymptomatic, it is no surprise that
HEV has found its way into the human blood supply. However,
what has come as a surprise to many professionals involved in
transfusion medicine is the very high frequency of viraemic
donors in many countries (Table S1), ranging from 1:600 in
the Netherlands to between 1:14,799 and 1:74,131 in Australia.
These findings, together with the known adverse outcome of
transfusing infected blood and components outlined above,
have made HEV a ‘hot-topic’ in the blood transfusion commu-
nity. Several countries have introduced universal, targeted or
partial screening for HEV in donors, including Ireland, the UK,
France, the Netherlands and Japan. In Germany, some blood
transfusion companies have introduced voluntary HEV screen-
ing. In many other countries donor screening is being consid-
ered (Table S1). The screening methodology of choice is NAT,
as infected donors usually have normal LFTs and are often
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anti-HEV IgM and IgG negative. Screening donors for HEV with
NATs carries considerable cost, but a recent cost-effectiveness
analysis from the Netherlands suggests that screening for HEV
compares favourably in this regard to existing donor screening
for HBV, HCV and HIV. In England, it has been estimated that
transfusion-transmitted HEV infection comprises <1% of all
human infections with HEV (the remainder being due to zoono-
tic transmission), and that transfusion of 13 components from
different donors equates to the annual dietary risk of HEV expo-
sure in the general population. Thus, although donor screening
will be very effective at minimising iatrogenic HEV infection,
it will have a relatively minor impact on the numbers of HEV
infections in the population as a whole.

Although extremely rare, HEV has been transmitted by liver
and kidney grafts from infected donors; there are no current
recommendations for organ donor screening.

Recommendations

� Patients with abnormal LFTs after receiving blood prod-
ucts should be tested for HEV. (A1)

� EASL recommends that blood donor services screen
blood donors for HEV by NAT, informed by local risk-
assessment and cost-effectiveness studies, both of which
may vary considerably by geographical location. (A1)
18
Unanswered questions and perspectives
� Does the infective dose of transfusion-transmitted HEV differ

by immunological status of the recipient?
� Should organ donors be screened for HEV?
� Does the clinical phenotype of transfusion-transmitted HEV

infection differ from zoonotic infection?
� Can HEV be effectively removed from blood products?
Treatment of acute hepatitis E
Acute HEV infection does not usually require antiviral therapy.
In almost all cases HEV infection is spontaneously cleared. How-
ever, some patients may progress to liver failure, so the question
of whether hepatic decompensation can be avoided by antiviral
treatment arises. Moreover, early therapy of acute hepatitis E
may shorten the course of disease and reduce overall morbidity,
as has been shown in the treatment of acute hepatitis caused by
HBV and HCV.

Very few case reports are available on ribavirin treatment for
severe acute HEV infection.116 Ribavirin therapy was associated
with very rapid normalisation of liver enzymes and HEV RNA
became undetectable within a few days. Cases of ribavirin treat-
ment of both HEV gt 3 and HEV gt 1 infection have been pub-
lished. Liver synthetic function rapidly improved in one case.

Corticosteroids have been used in individual cases of ALF,
which were retrospectively identified as being been caused by
HEV infection. Steroid therapy was associated with improved
liver function parameters in these cases.48 However, there is
currently insufficient evidence to support corticosteroid treat-
ment in patients with ALF due to HEV infection.

Statement
Acute HEV infection does not usually require antiviral therapy. (A)
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Table 5. Suggested testing for HEV.

Immunological status Patients who should be tested for HEV

Immunocompetent � Any patient with biochemical evidence
of hepatitis

� Suspected drug-induced liver injury
� Decompensated chronic liver disease*

� Neuralgic amyotrophy*

� Guillain-Barré syndrome*

� Encephalitis*

� Patients with unexplained acute neurol-
ogy and a raised ALT**

Immunocompromised
(developed countries)

� As above
� Persistently abnormal ALT***

* Testing should be done at disease onset, irrespective of ALT results.
** Testing should be done at disease onset, if ALT is abnormal.
*** If the ALT is above the limit of normal on more than one occasion. ALT, alanine
aminotransferase; HEV, hepatitis E virus.

3-month course of ribavirin
monotherapy

6-month course of 
ribavirin monotherapy

Relapse after 
ceasing ribavirin

Chronic HEV infection

Persistent HEV
replication in the serum

or HEV relapse

Non response to 
ribavirin or intolerant

Reduction of immunosuppression

HEV clearance No HEV clearance

Serum and stool 
HEV RN - ev-A
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Recommendations

� Ribavirin treatment may be considered in cases of severe
acute hepatitis E or acute-on-chronic liver failure. (C2)
Pegylated interferon for 3 months in liver-transplant patients
No alternative available therapy in other transplant patients

Fig. 2. Treatment algorithm for chronic HEV infection. The first therapeutic
manoeuvre in transplant recipients is to reduce the dose of immunosuppres-
sion if possible. This will allow HEV to be cleared in about 30% of patients. If
this is not possible, or unsuccessful, clinicians should follow the illustrated
treatment algorithm. The role of other therapies such as sofosbuvir and
immunoglobulins remains to be determined. HEV, hepatitis E virus.
Unanswered questions and perspectives
� Does ribavirin therapy reduce morbidity in acute hepatitis E?
� The benefit of ribavirin in patients with severe acute hepati-

tis E and those with HEV-associated liver failure is uncertain
� The dose and duration of ribavirin therapy in ALF are not defined
� Should corticosteroids be used in patients with HEV-

associated ALF?
� Corticosteroid therapy is probably safe in the context of HEV

infection, but further data are needed.
Treatment of chronic HEV infection in solid organ
transplant recipients
Solid organ transplant recipients chronically infected with HEV
who spontaneously achieve viral clearance have a lower tacro-
limus trough level and a lower daily steroid dose compared to
those who remain viraemic.59 This has led to the notion that
reducing immunosuppressive therapy, especially drugs target-
ing T-cells, could be a useful initial therapeutic option.59 Adopt-
ing this approach achieves sustained viral clearance in nearly
one-third of chronically infected solid organ transplant recipi-
ents (Fig. 2).58,59

In vitro studies show that mTOR inhibitors upregulate HEV
replication,117 whilst mycophenolate has suppressive effects
on HEV.118 To what extent these in vitro findings are clinically
relevant remains to be determined. Although in one study of
heart transplant recipients the use of mycophenolate was asso-
ciated with a lower likelihood of developing chronic hepatitis E,60

mycophenolate-treated patients can still develop chronic hep-
atitis E.

PEGylated-interferon-a has been successfully used to treat a
small number of liver transplant recipients and a haemodialysis
patient who cleared HEV after a three-month course of ther-
apy.119–121 However, interferon is generally contraindicated in
kidney, pancreas, heart, and lung-transplant recipients because
it stimulates the immune system and increases the risk of acute
rejection.122
Journal of Hepatology 20
Ribavirin monotherapy has been more extensively studied in
the treatment of chronic HEV infection in solid-organ transplant
recipients, with a number of case reports and case series.123–126

Although ribavirin is the treatment of choice, its use is not
backed-up by any placebo-controlled trials. Several small series
have reported high sustained virological response (SVR) rates
after a three-month course of ribavirin monotherapy.126 In a
multicentre retrospective study that included 59 solid-organ
transplant recipients treated with ribavirin at a median dose
of 600 (range, 29–1,200) mg/day for three (range, 1–18) months,
the SVR was 78%. Relapsers who were retreated with ribavirin
for a longer period (six months) cleared the virus and achieved
SVR.126 No difference in SVR was observed between patients
who received ribavirin for three months or less and those who
were given therapy for more than three months. However, the
optimal duration of ribavirin therapy is still unknown.

Ribavirin treatment can be associated with side effects
including dose-dependent anaemia, dry cough and skin reac-
tions. As patients with chronic hepatitis E frequently suffer from
co-morbidities associated with impaired renal function or anaemia,
ribavirin should be dosed with caution. Dose adaptations that
consider haemoglobin and eGFR levels are strongly recommended.127

The mechanism of action of ribavirin against HEV is not fully
understood. It has been suggested that ribavirin inhibits HEV
replication by depleting guanosine triphosphate (GTP) pools.128

Heart transplant patients who were treated with mycophenolic
acid, an inosine monophosphate dehydrogenase inhibitor that
decreases GTP production, had a lower risk of developing chronic
hepatitis in one study.129 In vitro, mycophenolic acid and rib-
avirin have a synergistic anti-HEV effect.118 Conversely, in vivo,
in solid organ transplant recipients, the change in HEV RNA con-
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centration over time did not differ between patients given rib-
avirin with or without mycophenolic acid.130 The use of
mycophenolic acid as an immunosuppressant does not protect
an individual transplant recipient from developing HEV infection.

Deep sequencing has identified several HEV RNA mutations.
A recent study showed that ribavirin increases HEV heterogene-
ity, an effect that seems to be reversible. A G1634R mutation in
the HEV polymerase was first described in two cases of ribavirin
treatment failure.131 However, pre-treatment G1634R muta-
tions did not impact on SVR in a series of solid organ transplant
recipients given ribavirin.132 In another study, the G1634R
mutation appeared during therapy in patients who relapsed.133

Several other variants in the polymerase regions have been
described.133 Some of these increase ribavirin sensitivity; others
increase HEV replication, while others decrease HEV replica-
tion.133,134 Hence, the role of HEV RNA variants and their impact
on HEV treatment outcome are uncertain.

A high lymphocyte count has been found to be an indepen-
dent predictor of SVR in solid organ transplant recipients trea-
ted with ribavirin.135 Persistence of HEV RNA in the stools at
the end of ribavirin therapy in patients with undetectable HEV
RNA in the serum is associated with increased risk of HEV virae-
mia after ribavirin cessation.136 A decrease in HEV RNA concen-
tration ≥0.5 log10 IU/ml at day seven has been shown to predict
SVR.130 Interestingly, in this study no association was observed
between SVR and ribavirin trough level, seven days or two
months after starting therapy.130

At present, no other antiviral therapies are known to be
effective in the treatment of patients with chronic HEV infec-
tion, other than those outlined.137 It has recently been reported
that sofosbuvir, a specific and potent inhibitor of the hepatitis C
virus NS5B RdRp, also has some activity against HEV RNA repli-
cation in vitro and that the antiviral effect is additive with rib-
avirin.138 It is presently unknown if these observations made
in vitro will translate to clinical efficacy in vivo.137,139

Treatment of chronic HEV infection in other
immunosuppressed patients
The treatment of chronic HEV infection in non-transplant
immunosuppressed patients, i.e. patients with haematological
disorders or HIV, has been documented in a few case reports
and small series. PEGylated-interferon-a, ribavirin or the com-
bination of both was effective for treating HEV infection in
patients with haematological disorders140–142 and those with
HIV.76,143,144 Nine out of twelve stem-cell-transplant recipients
treated with ribavirin achieved SVR.142

Recommendations

� EASL recommends decreasing immunosuppression at
diagnosis of chronic HEV infection in solid organ trans-
plant recipients, if possible. (B1)

� In patients with persisting HEV replication three months
after detection of HEV RNA, EASL recommends ribavirin
monotherapy for a duration of 12 weeks. (B1)

� At the end of the scheduled period of therapy, HEV RNA
should be assessed in the serum and in the stool (B1). If
HEV RNA is undetectable in both, EASL suggests stopping
ribavirin. (C2)
12
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� The optimal treatment duration in patients who test HEV

Statement

RNA positive after four or eight weeks of therapy and who
are HEV RNA negative after 12weeks of therapy is unknown. (C)

Recommendations

� In patients in whom HEV RNA is still detectable in the
serum and/or in the stool after 12 weeks, ribavirin
monotherapy may be continued for an additional three
months (six months therapy overall). (C2)
18
Statement
� The optimal therapeutic approach is unknown in patients

who show no response to ribavirin and/or who relapse after
retreatment. (C)

Recommendations

� Liver transplant recipients who show no response to rib-
avirin can be considered for treatment with PEGylated-
interferon-a. (C2)
Unanswered questions and perspectives
� What is the optimal ribavirin dose and duration of therapy?
� What is the best treatment in patients who show no response

to ribavirin and/or who relapse after retreatment?
� What is the mechanism of action of ribavirin?
� Alternative therapies need to be developed for patients who

do not achieve viral clearance with (or cannot tolerate) rib-
avirin or PEGylated-interferon-a.
Prevention of HEV infection
Recent evidence from a cell culture model suggests that heat-
ing virus stocks for more than two minutes at 70 �C eliminates
HEV infectivity, while infective HEV could be recovered by
storage at room temperature even after 28 days. A tempera-
ture of 80 �C was required to prevent HEV infection when
heating for one minute.145 However, it is unclear to what
extent these in vitro data can be translated into food prepara-
tion practices.

Several case-control studies clearly defined consumption of
undercooked meat from pigs, wild boar and deer as risk factors
for HEV infection in Europe.61 Thus, it is strongly recommended
that individuals at risk of severe acute or chronic HEV infection
avoid consumption of food products which may contain infec-
tious HEV. However, recommending that the general population
avoid undercooked pork is not currently justified. Immunocom-
petent individuals are likely to be able to tolerate exposure to
HEV without any significant health threat. However, there is
some evidence that consumption of pork is associated with
increased mortality.146 To what extent this increased risk can
be attributed to HEV infection remains to be determined. The
safety of other food products including strawberries, spinach,
shellfish and camel milk requires further investigation.

The risk of patient-to-patient transmission of HEV is poorly
defined. Sexual transmission of HEV has been described in
vol. 68 j 1256–1271
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men having sex with men,147,148 but in another study of a
cohort of patients with HIV, no evidence of sexual transmission
was found.149 As stool contains high amounts of infectious HEV
particles and as stool-derived HEV has been shown to be more
infectious than plasma-derived HEV150,151 strict hygienic rec-
ommendations should be considered to prevent the spread of
HEV by contaminated stool, e.g. in hospitals or nursing homes.
HEV RNA can also be detected in urine.152 It is unclear if HEV
can be transmitted by saliva, sweat, semen or breast-milk.

A vaccine against HEV was licensed in China in 2011. This
vaccine showed an efficacy of 97% for preventing episodes of
symptomatic acute hepatitis,153 with its long-term efficacy
proved during further follow-up.154 The vaccine is based on a
protein containing 239 amino acids of HEV ORF2 protein (aa
368–606), derived from HEV gt 1. Surface protrusions, formed
by dimerisation of HEV 239, correspond to a protruding domain
of the virus capsid responsible for eliciting neutralising antibod-
ies. Cellular immune responses are also involved in the control
of HEV infection and these include both natural killer cells as
well as HEV-specific T-cells.155 The vaccine prevented symp-
tomatic HEV gt 4 infections, suggesting cross genotype efficacy,
but the vaccine does not provide sterilising immunity and, sub-
clinical infections can still occur. While the vaccine seems to be
safe in pregnant women,156 the long-term efficacy and safety in
patients with chronic liver disease and the immunosuppressed
remain to be determined. A major role of the vaccine could be
to prevent HEV outbreaks, e.g. in African refugee camps or other
emergency settings. However, the vaccine is currently not
licensed for this purpose in countries other than China, but
efforts are currently underway to obtain WHO ‘prequalification’
for use in emergency settings.

Recommendations

� Immunocompromised individuals and those with
chronic liver diseases should avoid consumption of
undercooked meat (pork, wild boar and venison) and
shellfish. (B1)

� EASL suggests that immunocompromised patients con-
sume meat only if it has been thoroughly cooked to tem-
peratures of at least 70 �C. (B2)
Unanswered questions and perspectives
� The risk of HEV transmission to animals by potentially con-

taminated animal feeds is unknown.
� The HEV infection dynamics in farm-reared animals need to

be better defined.
� What is the risk of patient-to-patient transmission by expo-

sure to contaminated body fluids/close personal contact?
� The efficacy and safety of an HEV vaccine needs to be defined

in immunocompromised patients, patients with end-stage
organ disease awaiting transplantation, and patients with
chronic liver disease.

� The efficacy of an HEV vaccine against HEV gt 3 remains to be
determined.

� The efficacy of an HEV vaccine in farm-reared animals is
unknown.

� How long does immunity (both natural immunity and immu-
nity after vaccination) against HEV last?
Journal of Hepatology 20
Conclusions
Our understanding of HEV infection has completely changed in
the last decade. There are still many knowledge gaps, and it is
likely that as answers to these questions become available,
these CPGs will require amendment in a few years’
time.42,157–159
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