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Epidemiology

Hepatitis E is an inflammatory liver disease caused by infection with the
hepatitis E virus (HEV): It has been described to be endemic in many tropical
countries with reduced sanitary conditions in the 1980ies. For more than
two decades, it was considered to be a travel-associated, acute, self-limiting
liver disease that only causes fulminant hepatic failure in specific, high-
risk groups (Pischke 2013b). More recently, HEV infection was estimated
to cause approximately 56, 000 deaths each year worldwide (WHO 2014).
Within the last two decades sporadic cases of HEV infections have emerged
also in industrialised countries, mostly caused by HEV genotype 3, which
are mostly caused by zoonotic transmission (Wedemeyer 2012, Pischke
20I13).

Today we know that HEV infections occur worldwide but the genotypes
are distributed differently (Figure 1). HEV is classified into the family of
Hepeviridae and belongs to the subfamily of Orthohepevirinae which
includes four species. Until recently, infections to humans have only been
described from the species A with 8 genotypes. Recently, transmission
of rat-HEV (Orthohepevirinae C) from rodents to humans have also been
described (Rivero-Juarez 2022).

The vast majority of cases of hepatitis E worldwide is caused by HEV
genotype I and 2 infections transmitted by the fecal-oral route. These are
causative for outbreaks and are transmitted by contaminated drinking
water. For examplean outbreak in south sudan with a case-fatality ratio
of 5.5% occurred in the spring of 2023 (WHO 2023) In contrast, genotypes
3 and 4 are mostly transmitted zoonotically in industrialised countries
(figure 1). Both direct contact with HEV-infected domestic animals and
foodborne transmission are possible routes of transmission (Wedemeyer
2012). Commercial food products such as pig meat may be contaminated
with HEV as shown in studies from the Netherlands, France and Germany
(Colson 2010, Melenhorst 2007, Wenzel 2011). Meat should be cooked at
above 70°C to prevent foodborne HEV infections (Emerson 2005). In the last
few years, an increasing frequency of diagnosed cases of HEV infections
has been reported from various industrialised countries (Wedemeyer
2012). The presence of HEV RNA in urban sewage samples from Spain, the
US and France has been shown, suggesting that HEV may be more prevalent
in industrialised countries than previously assumed (Clemente-Casares
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2003). In each of these three countries it was possible to discover HEV
contaminationinsewagesamplesinanotablyhighfrequency.Thesefindings
may partially explain the huge gap between seroprevalence rates and the
rather low numbers of diagnosed and reported cases of acute hepatitis E
in western countries. The mismatch between high seroprevalence rates
and the low number of symptomatic cases has also been investigated in a
recent study from Egypt. 919 anti-HEV seronegative individuals from rural
Egypt were followed and, interestingly, 3.7% (n=34) of these individuals
seroconverted to anti-HEV within 11 months of follow up (Stoszek 2006).
However, none of these 34 individuals suffered from symptomatic hepatitis
E. This finding corresponds with data from a recently published large
vaccine study performed in China where very few of the patients in the
placebo group who seroconverted during a follow-up period developed
symptomatic acute hepatitis E (Zhu 2010). Overall, these data suggest that
far less than 5% of all contacts with HEV lead to symptomatic hepatitis E
(Wedemeyer 2011).

Genotypes 5-8 occur in animals (wild boars, camels), but play only a
minor role in humans, with only a few published cases. For example an
HEV genotype 7 infection transmitted by camel meat leading to chronic
hepatitis E in a liver transplant recipient has been demonstrated (Lee 2015).
Although this is surely of limited relevance in European countries and the
USA, it highlights a novel mode of transmission in Arabian countries. In
these Islamic countries, HEV genotype 3 and 4 infections originating from
pigs certainly play a minor role.

Furthermore the variant "rat-HEV" (HEV-C) has attracted increased
attention in recent years, as cases of human infections caused by this variant
have been diagnosed in Hong Kong, Spain and France (Rivero-Juarez 2022).
This HEV variant differs genetically from the other versions to such an
extent, that the conventional commercial HEV PCR tests do not detect it
and specially designed primers are needed. This especially poses a threat to
being underdiagnosed in the clinic and in the case of severe hepatitis of an
unknown cause, HEV-C infection should be considered.

Reference sequences have been published to facilitate communication
between researchers and enable improved classification of HEV strains
(Smith 2016).
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Figure 1. Worldwide distribution of the four main HEV genotypes

Patient-to-patient transmission of HEV is very rare but has been
described from a large outbreak in Northern Uganda (Teshale 2011) and from
hematology wards in Europe (Mansuy 2009). Bloodborne transmission
of HEV was suggested in the late nineties (Fainboim 1999). Subsequent
studies from Hong Kong, Japan, Great Britain and France confirmed blood
transfusions as a possible source of HEV transmission (Wedemeyer 2012).
A large study from Germany investigating 1019 blood donors determined
that 0.35% seroconverted within 1 year (Juhl 2013). A study from the
Netherlands revealed that 13 out of 40, 176 blood donors were HEV-viremic
(Slot 2013). These data correspond to one HEV positive blood donation per
day in the Netherlands. A large study from England investigating 225,
000 blood products confirmed blood transfusions as a possible source
for HEV transmission, in that 0.035% of blood products were viremic for
HEV (Hewitt 2014). Post-transfusion infections were associated with viral
load in the blood product and absence of HEV antibodies. A study from the
Netherlands estimated a duration of 68 day of viraemia within apparently
healthy blood donors with subclinical HEV infections (Hogema 2015). These
observations led to many countries now routinely testing blood donations
for HEV RNA to exclude bloodborne transmission of this virus. HEV
transmission by solid organ transplantation is possible but rare (Schlosser
20I1).

In summary, there are many different sources of infection for HEV
transmission (Figure 2).
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Figure 2. Possible sources of HEV infection

Diagnostic

In immunocompetent patients the diagnosis of hepatitis E usually relies
on the detection of HEV-specific antibodies. While IgG antibodies indicate
acute and past HEV infections, IgM antibodies can only be found in patients
with recent infections (Wedemeyer 2012). There are different commercial
assays available for detection of HEV-specific antibodies. Comparison
of six of these assays reveals a wide variation of diagnostic sensitivities
and specificities as well as interassay disagreements (Drobeniuc 2010).
Thus, some of the remarkable discrepancies in HEV seroprevalence rates
reported in different studies may be explained by varying sensitivities of
the respective assays.

HEV-specific IgG antibodies can be detected in patients with previous
contact with HEV. They do not differentiate between ongoing HEV infection
and past contact with the virus. To prove current infection the detection of
HEV RNA by PCR has been established. Numerous assays using different
primers have been developed (Meng 1999, Zhao 2007). Furthermore, few
quantitative PCR assays have been described (Ahn 2006, Enouf 2006).
Recently a novel WHO-approved RNA standard assay has been developed
(Baylis 2011).

In immunocompromised individuals, diagnosis of HEV infection may
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only be based on the detection of HEV RNA as seroassays lack sensitivity
especially in the early phase of infection (Pischke 2010b). HEV RNA can not
only be detected in serum samples but also in stool (Wedemeyer 2012), and
thusinfectivity of HEV infected persons can be determined by investigating
stool for HEV RNA. Furthermore HEV could be detected in urine (Geng 2015),
but the clinical relevance of this observation still needs to be determined.
An HEV antigen assay for detection of HEV has been described (Gupta 2013)
but the clinical value of this test still needs to be verified.

Acute hepatitis E in immunocompetent
individuals

In the vast majority of cases, contact with HEV takes an asymptomatic
course (Stoszek 2006, Wedemeyer 2012, Wedemeyer 2013), especially if
the contact happens during childhood (Buti 2008). Immunocompetent
individuals should be able to clear the virus spontaneously. In symptomatic
cases the incubation period of HEV infections ranges from three to eight
weeks with a mean of 40 days (Wedemeyer 2012). The peak of HEV viraemia
can be detected in the early phase of infection while the peak of ALT
elevation usually occurs around 6 weeks after infection (Wedemeyer 2012).

Initial symptoms in acute hepatitis E are typically unspecific and can
include flu-like myalgia, arthralgia, weakness and vomiting. In some
patients jaundice, itching, uncoloured stool and darkened urine occur
accompanied by elevation of liver transaminases, bilirubin, alkaline
phosphatase and gamma-glutamyltransferase.

HEV infection can lead to more severe acute liver disease in pregnant
women or patients with underlying chronic liver diseases progressing to
fulminant hepatic failure in individual cases (Wedemeyer 2012). Possible
explanations for the more severe course in pregnant women are hormonal
and immunological changes during pregnancy, they are also associated
with the genotype I (Navaneethan 2008). Recently, an association between
reduced expression of the progesterone receptor and fatal outcome of
hepatitis E in pregnant women has been reported (Bose 2011).

Single cases of prolonged courses of HEV infection in immunocompetent
individualswithuptotwoyearsofviraemiahavebeendescribed from France
(Mallet 2010), Spain (Gonzalez Tallon 2011) and China (Liu 2011). However,
no case of HEV-associated liver cirrhosis or development of hepatocellular
carcinoma has been reported in immunocompetent individuals. Prolonged
HEV viraemia may indicate a previously undiagnosed disturbance of the
immune system in otherwise healthy individuals (H6ner zu Siederdissen
2014).
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Acute and chronic HEV infections in organ
transplant recipients

Chronic courses of HEV infection have been described in European liver
or kidney transplant recipients since 2008 (Gerolami 2008, Haagsma 2009,
Kamar 2008, Pischke 2010b, Behrendt 2014). 14 cases of hepatitis E were
initially reported in kidney- and liver-transplanted patients from southwest
France (Kamar 2008). Eight of them developed a chronic course leading to
persistently elevated ALT levels and significant inflammatory activity and
fibrosis in liver biopsies after a follow-up of more than 12 months (range 10
to 18). Subsequently, additional cases of chronic HEV infections have been
reported in transplant patients by several groups (Wedemeyer 2012), clearly
demonstrating that chronic hepatitis E can be associated with progressive
liver disease in patients after organ transplantation (Kamar 2o11c).

A study from Germany examined 226 liver-transplanted patients and 129
patients with chronic liver disease to evaluate the frequency of chronic HEV
infections in liver transplant recipients in a low endemic country (Pischke
2010b). All patients were tested for HEV RNA and anti-HEV IgG. Two cases of
chronic HEV infections in liver transplanted patients were identified. One of
them developed significant liver fibrosis (ISHAK F3) within less than 2 years.
Both patients were infected with HEV genotype 3. The possibility of reverse
zoonotic transmission was experimentally confirmed by infecting pigs with
a patient’s blood. HEV RNA was detectable in various organs of the pigs
including muscle. Thus, these findings furthersupportthe recommendations
that eating uncooked meat should be avoided by organ transplant recipients
as this may represent a source for acquiring HEV infection.

Retrospective data on hepatitis E in transplant recipients were
summarised from 17 centres. Overall, 85 cases of HEV infection were
described, 56 (66%) of whom developed chronic hepatitis E. Of note,
chronicity was associated with the use of tacrolimus and with low platelet
count (Kamar 2011c). However it has to be considered that the vast majority
of patients had been recruited by one centre and experiences from other
regions and transplant centres need to be reported.

Chronic courses of HEV infection have also been reported in heart
transplant recipients (de Man 2011, Pischke 2012b). A study from Germany
investigating heart transplant recipients and non-transplant cardiac
patients revealed that the seroprevalence of HEV-specific antibodies is
increased 5-fold in these patient groups in comparison to healthy controls
(Pischke 2012b). It has been assumed that medical procedures, especially
blood products, could explain this difference in seroprevalence rates.

Chronic HEV infections have also been described in lung transplant
recipients from the Netherlands (Rizebos-Brilman 2013) and Germany
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(Pischke 2014).

Overall, all recipients of solid organ transplant with elevated liver
enzymes should be tested for HEV RNA unless other obvious reasons
already explain the hepatitis. In immunosuppressed patients, testing
for HEV RNA should be applied as antibody testing may lack sensitivity.
Distinct immunosuppressive drugs may indirectly or directly effect HEV
replication, which needs to be considered in the management of organ
transplant recipients (Behrendt 2014).

In contrast to solid organ transplant recipients, studies from Germany
(Koenecke 2012) and France (Abravanel 2012) did not observe any case of
chronicity in stem cell transplant recipients, leading to the assumption that
this phenomenon is rare in this patient population. However, a large study
from the Netherlands, investigating 328 stem cell transplant recipients,
identified 8 cases (2.4%) of chronic HEV viraemia. Four of these patients
died after development of hepatitis, while the other four patients cleared
HEV infection after a median period of 6.3 months. These data demonstrate
that chronic HEV infections in stem cell transplant recipients are indeed
relevant (Versluis 2013).

Hepatitis E in patients with HIV infection or
other immunological deficiencies

Chronic hepatitis E was described for the first time in a patient with
underlying HIV infection in 2009 (Dalton 2009). This patient had a CD4
T cell count of less than 200 cells and high HIV RNA levels (>100, coo
copies/mL). However, subsequent studies from Spain (n=93) (Madejon
2009), Germany (n=123) (Pischke 2010a) and England (n=138) (Keane 2012)
could not identify cases of chronic hepatitis E in HIV-infected individuals.
HEV RNA was detected for more than 10 months in only one out of 184 HIV
positive individuals in France (Kaba 2010). This patient had particularly
low CD4 counts (<50 cells/mm) while two additional patients with higher
CD4 levels were able to clear HEV spontaneously. Thus, persistent HEV
infection is rarely observed in HIV-infected patients. Recently, it has
been demonstrated that HEV may persist in HIV infected patients despite
improvement of their immune system (Kuniholm 2015).

In addition to HIV infected patients, chronic HEV infections in patients
with different underlying conditions of immunosuppression including
lupus erythematodes, granulomatosis, retroperitoneal fibrosis or CD4
deficiency have been reported (Grewal 2013, Honer zu Siederdissen 2014). In
contrast to these diseases, there was no case of chronic HEV infection within
a German cohort of 73 patients with common variable immunodeficiency
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(CVID). It has been hypothesised, that eventually regular immunoglobulin
infusions in these patients may have protected them from infection (Pischke
2012a).

Extrahepatic manifestations of hepatitis E

There is some evidence that HEV infections are associated with
extrahepatic manifestations, particularly neurological, immunological and
renal diesases. Neurological symptoms associated with acute or chronic
HEV infection have been described in single cases in the past few few years
(Kamar 2011b). More recently, HEV infections were linked with neuralgic
amyotrophy (van Eijk 2014), Guillain-Barré syndrome (Van den Berg 2014)
and common inflammatory demyelinisating polyneuropathy (Pischke
2024). The underlying mechanisms and the clinical relevance of these
associations require further investigation.

It still needs to be determined if extrahepatic manifestations are caused
by direct effects of the virus or by indirect, immunological mechanisms.
A possible link between HEV and cryoglobulinemia has recently been
suggested (Pischke 2014, Kamar 2012).

Recently a pathophysiological link between HEV infections and
glomerulonephritis has been suggested by demonstrating an association
between production of HEV ORF2 protein and the development
of glomerulonephritis in a kidney transplant recipient (Leblond 2024).

Therapy and prevention

Treatment options for chronic hepatitis E include reduction of
immunosuppression, administration of pegylated interferon o or use of
ribavirin. The first step in the treatment of chronic HEV infection should
be to evaluate if it is possible to reduce the immunosuppressive medication
(Wedemeyer 2012). Reduction of immunosupression in 16 solid organ
transplant recipients with chronic hepatitis E led to clearance of HEV in
4 cases (25%) (Kamar 2011a). A second possible treatment option is the use
of PEG-IFN a (Haagsma 2010, Kamar 2010a). Treatment durations varied
between 3 and 12 months. Overall, 4 out 5 patients were successfully treated
with sustained clearance of HEV RNA. However, the use of interferon
can be associated with significant side effects and may cause rejection in
organ transplant recipients. Interferon a is therefore not recommended in
heart or kidney transplant recipients. Another therapeutic option for HEV
infections is the off-label use of Ribavirin. The antiviral efficacy of ribavirin
monotherapy hasbeen evaluated by two French groups (Kamar 2010b, Mallet
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20I0). A sustained virological response was observed in 2/2 and 4/6 treated
patients, respectively. Ribavirin has also been used in a non-transplanted
patient with severe acute hepatitis E who showed rapid improvement of
symptoms and liver function tests during treatment (Gerolami 2011).

A study from France demonstrated the safe use of ribavirin in non
transplant individuals with acute HEV genotype 3 infections (Peron 2015).
Furthermore the use of ribavirin has been demonstrated in one single case
with severe HEV genotype I infection (Pischke 2013a). Starting and stopping
rules for the treatment of HEV with ribavirin still need to be defined. In
contrast to immunocompetent individuals, in solid organ transplant
recipients with chronic HEV infection ribavirin remains a frequently used
therapeutic option. A multicentric French study confirmed that treatment
of chronic HEV infections in transplant recipients with ribavirin is safe
and efficient (Kamar 2014). However, ribavirin treatment failures have
been described in single patients (Pischke 2012b, Pischke 2013a) that may
be linked to selection of a distinct HEV polymerase variant with increased
replication fitness (Debing 2014).

Hepatitis E infection

Immunocompetent patients Immunosuppressed patients

Assumed extrahepatic
manifestations

Uncomplicated Sign of liver failure Chronic HEV Urgency

process (INR, cognitive function) infecion Hematological patients
requiring chemotherapy

Liever transplant recipients with
severe transplant dysfunction

Low viral load High viral load

No ribavirin Possibly reduction of Ribavirin
immunosuppression

If no
clearance

Possibly steroids Possibly ribavirin Interferon

Zinc add-on
Mycophenolate

Figure 3. Treatment algorythm

Sofosbuvir, as a novel antiviral approach, failed to achieve HEV RNA
elimination in a pilot study of 9 patients (Cornberg 2020). Recently,
distinct resistance mutations in the RNA dependent RNA polymerase
were identified in this patient cohort (Gomer 2023). The therapeutic effect
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of a combinational therapy of Sofosbuvir and Ribavirin has yet to be
investigated in bigger cohorts.

In addition to the treatment of acute or chronic HEV infection, the
possibility of preventing a relevant infection in the event of HEV exposure
through vaccination is also of great importance.

A vaccine developed by GSK and the Walter Reed Army Institute that
was successfully tested in a phase 2 study (Shrestha 2007) has not been
further developed. A group from China reported data from a very large
successful phase 3 vaccine trial (Zhu 2010). This trial included almost 110,
ooo individuals who received either a recombinant HEV vaccine (“Hecolin”)
or placebo. The vaccine efficacy after three doses was 100%. This vaccine
was approved in China in early 2012 and in Pakistan in 2020. It is currently
not known if and when this vaccine will become available elsewhere.
Moreover, the efficacy of this vaccine needs to be evaluated in special risks
groups such as patients with end-stage liver disease or immunosuppressed
individuals. It is also unknown if HEV 239 also protects from HEV genotype
3 infection (Wedemeyer 2011). However, it was demonstrated that either
the vaccine or naturally acquired, post-infectious antibodies are able to
prevent symptomatic hepatitis E, but not asymptomatic infection (Zhang
2013). Furthermore, it was shown that this vaccine could be safely used in
pregnant women (Wu 2012). In contrast to this study, a recent double-blind
placebo-controlled trial from Bangladesh showed containing 5011 pregnant
women vaccinated prior to pregnancy showed a significantly increased risk
of the group of women receiving HEV vaccine for miscarriage (Binte-Aziz
2024).

Furthermore a follow-up study of the initial Hecolin vaccine trial
demonstrated a 10-year efficacy above 80% (Huang 2024).

The use of this vaccine in developing countries needs to be discussed and
investigated. Eventually this vaccine may help to prevent the morbidity and
mortality caused by hepatitis E.

Conclusions and recommendations

In general, HEV infection has a self-limiting course associated with the
clinical picture of acute hepatitis in immunocompetent populations. Special
populations like pregnant women may be more likely to develop hepatic
failure. In patients with immunosuppression of different aetiologies,
chronic cases have been reported.

In organ transplant recipients, the diagnosis of HEV infection should not
be based on serological assays alone as these assays may lack sensitivity.
Detection of HEV RNA by PCR in serum or stool represents the gold
standard for diagnosis of HEV infection.
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The prevalence of chronic HEV infection in solid organ transplant
recipients depends on the general prevalence in the population and is low
in most industrialised countries. However, chronic hepatitis E occurs and
needs to be considered in the differential diagnosis of graft hepatitis, as
persistent HEV infection can be associated with progressive graft hepatitis
and the development of liver cirrhosis. Currently, all reported cases of
chronic HEV infections in transplant recipients have been due to HEV
genotype 3 or 4. It is not known if chronic hepatitis E can also be caused by
the genotypes 1 or 2.

Organtransplantrecipientsand otherimmunocompromisedindividuals
should be made aware of this risk and avoid eating uncooked meats.

First results indicate that ribavirin treatment of chronic hepatitis E (3
to 5 months duration) is effective to achieve sustained virological response
in immunocompromised persons. In contrast, in immunocompetent
individuals with acute HEV infection this treatment is only required in few
cases to avoid liver failure.

Due to the side effects of the current available antiviral therapies as
well as the many cases of relapse after therapy, novel treatment options
for chronic HEV infections need to be investigated. Additionally, an
optimisation of the evaluation of therapeutic response might be possible by
investigating HEV antigen in urine.

A widely available and efficacious vaccine would prove important to
lower the overall burden HEV infections cause on the health system.

The relevance of extrahepatic manifestations associated with acute or
chronic HEV infection needs further exploration, especially the association
between positive anti-HEV serostatus and autoimmune hepatitis,
cryoglobulinaemia or neurological symptoms.

Key Messages

+ HEV is the most prevalent causative agent of acute viral hepatitis
worldwide

« Mostinfections are asymptomatic and self-resolving, pregnant
women and people with underlying liver disease are at risk of
fulminant hepatitis

« Immunosuppressed individuals, especially organ transplant
recipients, are at risk of chronic infection, leading to liver fibrosis
and cirrhosis

« Inorgan transplant recipients with unclear elevation of liver
enzymes, HEV infection should be ruled out by PCR testing
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