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Abstract

Hepatitis E virus (HEV) is the commonest cause of acute viral
hepatitis in Western countries, especially genotypes 3 and 4.

Chronic cases are reported in immunosuppressed patients,
which includes patients who have undergone solid organ or stem
cell transplantation, patients who are being treated for cancer or
autoimmune diseases.

Chronic HEV can eventually lead to liver fibrosis,
and exceptional cases requiring liver transplantation for
decompensated liver cirrhosis have been reported.

The mechanisms leading to chronic HEV and its incidence
in the immunosuppressed population is still unclear due to the
paucity of well-designed prospective studies.

According to studies conducted in various European countries,
the HEV seroprevalence in immunocompromised patients ranges
up to 40% and HEV RNA viremic prevalence between 0,5 to 2%.

In this review, we provide a description of the epidemiology,
risk factors and natural history of chronic HEV in relation to
various types of underlying immunosuppressive conditions
and discuss the different treatment options available. (Acta
gastroenterol belg., 2025, 88, 323-332).
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Introduction

Hepatitis E virus (HEV) was originally identified in
developing countries during the early 1980s, primarily
known to cause acute hepatitis through waterborne
contamination. However, it has since been established
that HEV is also prevalent in high-income countries
such as countries from the European Union and the
United-States (1).

Initially, HEV was only known as a cause of acute
infections in humans. However, in 2008, Kamar et al.
described in France the first eight cases of chronic HEV
infection among recipients of solid organ transplants,
all infected with genotype 3 virus, pointing towards
a zoonotic source of infection (2). Since then, cases
of chronic hepatitis E with genotype 3 or 4 have been
described worldwide, leading in certain cases to cirrhosis,
decompensation and death or liver transplantation.

Several immunosuppressive conditions are associated
with chronic HEV. These conditions include patients
receiving immunosuppressive regimens for a solid organ
transplant (SOT), patients with solid or hematological
cancers receiving chemotherapy and/or immunotherapy,
individuals living with HIV and low CD4 count,
and patients with auto-immune diseases receiving
immunosuppressive or immunomodulatory therapies

3).

Hepatitis E Virus and mode of transmission

HEYV is an RNA virus that belongs to the Hepeviridae
family and has eight genotypes (HEV 1 to HEV 8) with
36 subtypes (4). Five genotypes (HEV-1-4 and HEV-7)
have been shown to infect humans. HEV-1 and HEV-2
are mainly found in developing countries, infecting only
humans and transmitted via fecal-oral contamination.
HEV-3 and HEV-4 are zoonotic and can be found in
animals such as pigs, wild boars, deers, rabbits, camels,
goats, and cattle. HEV-5 and HE V-6 are exclusively found
in wild boars, while HEV-7 and HEV-8 are identified
in camels, with only a few cases of HEV-7 infections
reported in humans who consumed camel milk (3,5). A
few cases of HEV infections have also been reported to
be transmitted through blood transfusion (6,7).

HEV is now the most-common cause of acute viral
hepatitis in humans world-wide, and genotype 3 accounts
for the majority of infections in Europe (8). In Belgium,
HEV-3 is the predominant circulating genotype, with
sporadic occurrences of HEV-1 and HEV-4. HEV
3 subtypes can be classified in three major clades:
abchijklm (HEV-3.1), efg (HEV-3.2), and ra (HEV-
3.3). Until 2015, subtype 3f was the prevailing subtype
identified in Belgium, but in 2016 and 2017, subtype 3¢
emerged as the most frequently identified subtype (9,10).

Chronic HEV among immunocompromised patients
know a geographical spread in European countries most
belonging to HEV-3.1 clade, whereas genotype 4 is the
predominant chronic HEV genotype in Asian countries.
Only two isolated case reports of chronic infection with
genotype 1 have been published to date, and no chronic
infections with genotype 2 have been documented
(11,12).

Instances of HEV-3 outbreaks have been linked to
the intake of pork products, particularly those involving
undercooked pork liver or sausages (13).

In Belgium, Sciensano examined the HEV RNA
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positivity rate in pork meat products commonly found in
supermarkets to evaluate the HEV consumer exposure.

31% of the ready-to-eat (RTE) pork meat products
was tested positive for HEV RNA.

Specifically, HEV RNA was found in 65 % of the pork
liver patés, 15 % of raw dried hams and 0 % of raw dried
sausages. Samples in which sequencing was carried out
all revealed the 3c , subtype (clade HEV-3.1). Although
it is not currently possible to differentiate between
infectious and damaged viral particles, Sciensano
concludes by advising immunocompromised patients
to avoid pork liver products, especially if these are RTE
(14). HEV genotype 3 and 4 have also been detected
in various types of environmental water, in waste and
drinking water in Europe. A recent systematic review and
meta analysis assessed the occurrence of hepatitis E virus
(HEV) RNA in different water environments worldwide,
with a strong representation of European data. Overall
pooled prevalence of HEV RNA in water was 9.8 % (95
% CI 6.4-13.7 %). By water type, pooled prevalence
was approximately 15.1 % in untreated wastewater, 7.4
% in surface water, 4.7 % in drinking water, and 3.8 %
in treated wastewater. Genotyping was reported in about
37 % of studies; HEV genotype 3 predominated, with
smaller contributions of genotype 1 and rare reports of
genotype 4.

However, it is important to note that RT-PCR and
real-time PCR assays are able to detect only viral
genome fragments, which does not necessarily confirm
infectivity, and there was considerable heterogeneity in
sampling, concentration, and detection methods (15).

In the case of patients who have undergone a solid
organ transplant, a particular route of contamination
that has been described in case reports is infection via
the graft. In such instances, a rapid evolution to liver
cirrhosis after liver transplantation with a HEV infected
liver graft has been reported, which raises the question
of testing donors for HEV before transplantation (16). A
recent review has addressed this issue. Currently, there
is no recommendation for universal screening of tissue/
organ donors for HEV (17).

Diagnosis of HEV infection and definition of chronic
HEV

The incubation period for HEV typically lasts from 15
to 60 days. Approximately three weeks after infection,
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HEV RNA becomes detectable in both blood and stool.
IgM antibodies emerge first, followed shortly by IgG
antibodies.

In the case of acute infection, viremia persists for
about three to six weeks and the IgM do not usually
remain in the blood for more than three to four months
(but may persist for up to a year). In contrast, the IgG
response is enduring (5).

Chronic HEV infection has been defined by EASL
(European Association for the Study of the Liver) as a
persistence of HEV replication (positive detection of
anti-HEV IgM in serum and/or HEV RNA in serum or
stool samples) for at least three months. Indeed, there is
evidence to suggest that, except in very few cases, no
natural HEV clearance occurred between three to six
months post-infection. It’s important to know that, in
patients with associated immunodeficiencies, anti-HEV
antibodies can be undetectable given the possibility of a
low humoral immune response against HEV. For these
patients, diagnosis can only be made with nucleic acid
amplification technique-based detection of viral RNA in
blood and/or stool samples (3,5,18).

Clinical manifestations of chronic HEV infection
Intrahepatic manifestations

HEV acute infection is asymptomatic in most cases,
with normal or mildly elevated liver tests. Symptoms of
acute hepatitis are observed in less than 5% of cases, and
acute liver failure is an exceptionally rare outcome (1).

After being infected with HEV, immunosuppressed
patients can have a resolving hepatitis or on the contrary
develop chronic hepatitis. The majority of patients
with chronic HEV are asymptomatic and present with
persistent mild to moderate abnormalities of liver
function tests, but normal liver tests do not exclude the
diagnosis (5). Diagnosis of chronic HEV is sometimes
tricky because it can be confused with drug induce liver
injury (DILI) or mild graft rejection, in the case of liver
transplantation.

Roughly two thirds of immunocompromised patients
develop a chronic HEV infection after exposure, even
though studies vary widely. In 2011, a retrospective
multicenter study analyzed data from 85 recipients

Table 1. — Practical recommandations for immunosuppressed patients.

Recommendations

Avoid consumption of undercooked or raw pork, wild boar, and game meat, as well as products containing raw pork liver
(e.g., certain sausages).

Cook all meat products thoroughly (=71 °C core temperature).

Wash fruits and vegetables carefully and peel when possible, especially if eaten raw.

Be cautious with untreated or potentially contaminated drinking water, particularly when traveling to endemic areas.

Reinforce standard food hygiene measures (hand washing, separate raw and cooked food preparation areas).
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of solid organ transplants who were infected with
HEV found that 65.9% of HEV infections in solid
organ transplant recipients became chronic (19). In
2013, Zhou et al. did a literature review comprising
12 studies mainly in Europe, including 5050 SOT.
99 patients (1.96%) were HEV RNA positive and 64
of these 99 patients developed chronic HEV (20).
However, prospective studies showed that progression
towards chronicity is much less than previously
stated. For example, a per-protocol analysis in Sweden
systematically screened all patients regardless of their
liver tests prior to liver transplantation and up to one year
after liver transplantation. None of the seven patients
with detectable HEV RNA evolved towards chronicity.
It is worth mentioning that some immunocompromised
patients do not have antibody responses despite HEV
infections, so studies that only look for HEV RNA
upon the detection of anti-HEV IgM or ALT flares are
likely to underestimate the prevalence of silent and self-
limited infections (21).

Although advanced fibrosis has been described
in some patients affected by chronic HEV (19,22),
the fibrosis progression of chronic HEV is not well
understood because most reports are cross-sectional
cohorts or post-hoc analyses of dramatic cases
presenting with cirrhosis after a previous SOT. In
2021, a systematic analysis of HEV histology and its
association with clinical parameters has been made.
They analyzed 52 liver samples from 41 patients with
HEV-3 for 33 histopathologic features. 56% of patients
where immunocompromised, 12% had pre-existing liver
disease and 44% had no known immunosuppression.
They identified three histopathologic clusters (Cl-—
C3), separated according to immune status and pre-
existing liver disease, suggesting three groups with
distinct histopathologies. C1 comprised mostly patients
with pre-existing liver disease and the histology
mainly reflected the respective liver disease without
additional signs of hepatitis, C2 comprised mostly
immunocompetent patients with histology mainly

displaying florid hepatitis and C3 comprised mostly
immunocompromised patients with histology mainly
displaying smoldering hepatitis (23).

Several animal models have been used to improve the
characterization of this disease and its evolution. Cao et
al. had previously devised a pig model of chronic HEV
infection by treating them with an immunosuppressive
regimen including cyclosporine, azathioprine, and
prednisolone. Pigs showed abnormal liver tests and
persistent shedding of HEV into feces. Nevertheless, this
model differed from chronic hepatitis E in humans as
there were no observable liver lesions (24). Recently, a
new pig model of chronic hepatitis E has been developed
with a tacrolimus-based regimen and an optimization
of the immunosuppressive treatment through a blood
concentration monitoring. This is the first animal model
displaying a combination of persistent HEV RNA with
liver inflammation and fibrosis, which could lead to a
better understanding of the pathophysiology underlying
the development of fibrosis and help in finding targets
for future anti-viral treatments (25).

Other viral hepatitis such as HBV or HCV are well-
established as leading causes of hepatocellular carcinoma
(HCC). In this context, recent epidemiological and
clinical investigations have brought forward the notion
that hepatitis E virus infections might play a role as
a contributing factor in hepatocellular carcinoma.
However, preliminary data suggest that HEV-driven
hepatic carcinogenesis is uncommon, as there is only
one clinical case report of HEV-related cirrhosis
complicated with HCC. Additional studies are expected
(26). Table 2 summarizes the differential diagnosis to
consider when faced with elevated liver enzymes in
immunosuppressed patients.

Extra-hepatic manifestation
HEV can also cause extra-hepatic manifestations.

A variety of neurological injuries have been reported
in connection with HEV infection, such as Guillain-

Table 2. — Approach to Elevated Liver Enzymes in Immunosuppressed Patients: Key Diagnostic

Work-up.

Differential diagnosis

Lab tests

Chronic HEV infection

HEV RNA (serum and stool); anti-HEV 1gM/IgG
(may be negative in immunosuppressed)

Graft rejection (post-LT/KT/HT/LuT)

Graft biopsy; donor-specific antibodies

CMYV reactivation (+ other herpesviruses)

CMV PCR (blood); CMV antibodies

Drug-induced liver injury (DILI)

Medication review; liver biopsy

HBYV or HCV reactivation

HBsAg, anti-HBc, HBV DNA; anti-HCV, HCV RNA

Biliary obstruction

Abdominal ultrasound + Doppler; MRCP

Autoimmune hepatitis flare/overlap

ANA, SMA, IgG; liver biopsy

Ischemic/congestive hepatopathy

Clinical context, liver biopsy

HEV: Hepatitis E virus, Hb :

hemoglobin, RNA: Ribonucleic acid. MRCP: Magnetic Resonance,
Cholangiopancreatography, CMV : Cytomegalovirus, HBV : Hepatitis B virus, HCV : Hepatitis C virus, ANA :
Antinuclear Antibody, SMA: Smooth Muscle Antibody.
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Barré syndrome, neuralgic amyotrophy, myelitis,
and encephalitis. Most of documented cases occur
in immunocompetent individuals, but instances of
neurological injuries may also manifest in the context
of chronic infection with HEV genotype 3 (27).
Cases of membranoproliferative and membranous
glomerulonephritis have also been reported among
immunocompetent as well as immunosuppressed
patients (28,29). Other extra-hepatic manifestations
include acute pancreatitis and cryoglobulinemia (5).

Risk factors for the severity of HEV infections
Viral factors

Several factors have been studied to find a correlation
with the severity of the clinical presentation of HEV.
Several studies with a few numbers of HEV-3/HEV-4
cases have suggested that genotype 4 is more virulent
than genotype 3 (30, 31). Micas et al. compared in 2021
clinical and biological data from 27 cases of HEV-4
acute infections matched for age and gender with 54
cases of HEV-3 acute infections, both groups being
immunocompetent patients in Belgium or France. They
showed that HEV-4 infected patients had significant
higher alanine aminotransferase (ALT) values. The two
groups had similar numbers of severe hepatitis cases.
Two deaths were recorded among HEV-4 infected
patients while none among HEV-3 infected patients,
but multivariate analysis did not confirm a significative
difference (32).

In Belgium HEV-3 is the most common, and the
most represented subtypes are HEV 3c et HEV 3f. A
Belgian and a French team have already suggested
that patients infected with HEV-3¢ were at lower risk
of hospitalization compared to those infected with
HEV-3f, but there were potential confounding factors
(33,34). A recent study managed to examine the role
of viral and host factors on disease presentation of all
laboratory confirmed HEV infections reported by the
Belgian National Reference Centre during 8 years. By
clustering them by clades, they revealed a significant
association between viral clade and the severity of HEV
genotype 3 disease, regardless of established host risk
factors. Specifically, symptomatic patients infected with
a clade-HEV-3.2 (efg) virus were linked to increased
rates of hospitalization, higher peak serum bilirubin
levels and more pronounced histopathology (35).

Host factors

The variability in clinical disease presentations
can also be influenced by a combination of host
factors. The host factors identified so far in acute
HEV hepatitis are male gender, age over 50 years,
preexisting liver conditions, and compromised immune
status. Additionally, diabetes mellitus and alcohol
consumption are recognized as other risk factors,
likely associated with underlying chronic liver disease
(23,36).
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The immunosuppressed status of the patients is
the most important host-related risk factor for the
development of chronic HEV. In SOT, tacrolimus use
has been shown to be one of the main predictive risk
factors for chronic HEV infection (19).

Pathophysiology of chronic HEV

Evidence from clinical and experimental studies
indicates that the dysfunction of various components
of the immune system, such as innate immunity, T-cell
function, and antibody response, likely contributes to
the development of chronic HEV infection. According
to Kemming et al., individuals with persistent HEV
infection exhibited a diminished and declining CD8+ T
cell response, showing signs of exhaustion. However,
they observed that reducing immunosuppression and/
or administering ribavirin treatment results in an
improvement in the proliferation of HEV-specific CD8+
T cells and an increase in IFN-y production. These
changes were accompanied by viral clearance (37).
Immunosuppressive medications also modulate and
reduce the immune response acting on different targets,
linking their use to the occurrence of chronic HEV
infections. The association between chronicity and the
universal use of immunosuppressants has been extensively
documented (38). However, due to the limited number of
patients with chronic HEV, it is challenging to analyze
the effects of different immunosuppressants separately.
In vitro models showed no significant effect of steroids
on HEV replication but calcineurin inhibitors seems to
stimulate HEV replication. On the other hand, this in
vitro model showed that ribavirin and mycophenolic
acid have a synergistic effect against HEV (39). As the
in vitro concentrations of the tested immunosuppressants
are often outside clinical ranges, it is crucial to combine
clinical and experimental approaches to improve our
understanding of how various immunosuppressants
impact chronic HEV in vivo (3).

Specificity according to the underlying disease
Solid organ transplanted recipients
Liver transplantation (LT)

In 2020, Buescher et al. made a literature review
based on two different databases (Scopus and PubMed)
and selected studies assessed on their methodological
quality according to the Joanna Briggs Institute’s well-
established critical appraisal tool for prevalence studies
(40). They analyzed the HEV seroprevalence (n= 4915)
and prevalence of HEV RNA (n=5821) liver transplanted
patients. The HEV seroprevalence was 27,4% (95% CI
18.33 - 38.86) and the HEV RNA positivity is 0.95%
(95% CI1 0.56 - 1.63) (41).

Only a limited number of studies have prospectively
monitored patients for HEV infection during the peri-
transplant period.
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As mentioned before, a prospective analysis has been
conducted in Sweden by Frankal et al. They investigated
the HEV-seroprevalence and the viremic prevalence
and incidence of HEV infections among LT recipients
between 2013 and 2015 by repeated serological and
HEV RNA determinations during the pre- and post-
LT period (Three and twelve months post LT). Of
the 109 patients, before transplantation, they found
a HEV seroprevalence of 13% and one patient was
tested positive for HEV RNA before LT. Three others
were tested HEV RNA positive at the 3-month post-
LT follow-up, and other three were tested HEV RNA
positive at the 12-month follow-up. Half of the patients
with HEV RNA had normal liver tests at diagnosis.
Besides, five patients acquired anti-HEV antibodies
during the study period but without detectable HEV
RNA. Importantly and unlike the reported chronicity
rates from retrospective cohort studies, all the patients
from the Swedish study cleared the infection without
any treatment, and subsequent follow-up tests showed
undetectable HEV RNA in serum (21).

Another prospective study conducted in Thailand,
where genotype 3 is the commonest HEV genotype,
followed 91 cases for up to one year post liver transplant
without clinical evidence of HEV-related hepatitis at
inclusion. The HEV seroprevalence was 52.7% at study
initiation. HEV RNA was detected in 7 patients during
the 12-month study period. In these 7 cases, HEV
RNA was detected in serum exclusively (n=4), feces
exclusively (n=2) and 1 patient had HEV RNA in both
compartments. Only three of the seven patients had
positive anti-HEV antibodies. Six of the seven patients
were asymptomatic with normal transaminase levels.
Two of them became chronically infected. Clearly,
the HEV seroprevalence does not correlate with the
presence of HEV RNA in the serum or feces and hence
is not a preferred diagnostic test.

It appears that by carrying out systematic screening,
more HEV RNA positive patients with normal liver
tests can be detected, which do not necessarily lead to
chronic HEV infections. The presence of HEV RNA
must be confirmed three months later to diagnose a
chronic infection, and as observed it will develop in
less than half of the RNA positive patients. In addition,
the absence of HEV antibodies does not exclude HEV
infection.

Kidney transplantation (KT)

Kidney transplant recipients (KT) are a vulnerable
group at risk for infections due to their life-long need
for strong immunosuppressive therapy.

In the literature review made by Buescher et al., the
data from around 8000 KT recipients around the world
were analyzed. The HEV seroprevalence is 33.94%
(95% CI 23.97- 45.56), with positive HEV RNA in
1.17% of cases (95% CI 0.68-2.00) (41).

In the literature, two cases of HEV transmission
via renal grafts coming from one single donor have

been described (42). Another case resulted in a fatal
decompensated cirrhosis five years after KT (43).

It has been suggested that HEV infection can be a
trigger for kidney rejection. Wasuwanich et al. in 2022
compared the evolution of 9 KT who showed evidence
of recent post-transplant HEV infection (positive HEV
RNA in post-transplant sera or in feces) with 45 HEV
negative KT controls. Patients with evidence of post-
transplantation HEV infection demonstrated a more
frequent and earlier kidney graft rejection compared to
controls (8/9 vs 21/45; HR = 3,23, IC 95 %: 1,19-8,79;
17,4 months vs 30,8 months; p = 0,029. However, the
study sample was very small, the data are retrospective
and the 9 KT patients with post-transplant HEV infection
were registered as “high-risk” (broadly sensitized to
HLA and/or receipt of an HLA or ABO incompatible
transplant) (44).

More studies with larger sample sizes are needed
to evaluate the impact of HEV infection on the kidney
graft.

In our experience in two tertiary hospitals in Belgium,
HEV seroprevalence is similar in KT compared with
other SOT, but the prevalence of HEV RNA is higher
in kidney transplant patients in view of the more intense
immunosuppression.

Heart transplantation (HT)

In the meta-analysis by Buescher et al., the highest
rates of HEV seroprevalence among SOT patient was
observed in HT recipients (36.5% (95%CI 20.24-
56.63)), while the HEV RNA positivity was 1.30%
(95%CI 0.52-3.23) (41). Some studies suggest that
this high rate of HEV seroprevalence in HT recipients
may be partly explained by their greater need for blood
product transfusions (22).

One major prospective study in HT patients has
been conducted in 2012. Pischke et al. screened 274
HT patients from Germany for one year, for anti-HEV
antibodies (IgG) and HEV RNA. They found a HEV
seroprevalence at 11.3%, which was significantly higher
than a group a healthy control (p <0.001). Four patients
were identified with HEV RNA and developed chronic
HEV post transplantation (1,5%). Fifteen patients
developed anti-HEV antibodies after transplantation but
cleared the infection without developing chronic HEV
(22).

Lung transplantation

Thefirstprospective study inlungtransplanted patients
was conducted in Sweden in 2015. 62 patients were
observed during the first year after lung transplantation
and were analyzed for HEV seroprevalence (IgG and
IgM) at 12 months after transplantation, with subsequent
HEV RNA confirmatory testing. At one year follow up,
13% had positive anti-HEV antibodies but none of them
had positive HEV RNA (45). However, as described
earlier, patients can be HEV RNA positive despite
HEV seronegativity. These patients could therefore
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have been missed in this prospective protocol. Several
retrospective studies evaluated the seroprevalence in
lung transplanted patients (46). They were all included
in the meta-analysis by Buescher et al., showing that
lung transplant recipients had the second highest
seroprevalence (32.5%), after heart transplant patients,
and the highest rates of HEV RNA positivity (2.1%)
(41).

Rheumatological disease

Prior to 2015, there was limited knowledge regarding
the frequency of acute and chronic HEV infection
among individuals with inflammatory rheumatic
diseases. From January 2010 to August 2013, a
retrospective multicenter study was conducted in
France to investigate HEV cases among patients known
to have inflammatory rheumatism and followed by
approximately 2400 physicians. The study identified 23
patients with HEV infection, all having inflammatory
arthritis and being treated with immunosuppressants.
None of them progressed to chronic infection. However,
immediately after the diagnosis of the HEV infection,
immunosuppressants were discontinued in 20 patients
and ribavirin was initiated in additional 5 of them,
thereby minimizing the risk of chronicity (47).

To clarify the risk of chronic HEV infection in
this specific population, a retrospective multicentric
European cohort study was conducted, including data of
all cases of HEV infection diagnosed between April 2014
and April 2016. This study involved 7 rheumatology
and internal medicine centers in Germany, Italy, the
United Kingdom, the Netherlands, and France. Twenty-
one patients were identified as having a HEV infection,
that persisted for over 12 weeks in 7 patients (33.3%)
and over 24 weeks in 5 patients (24%). Except for
one patient who was lost to follow-up, all the patients
cleared their HEV infection, including 15 patients (71%)
who recovered after discontinuing immunosuppressive
treatment and/or received ribavirin therapy (48).

Other cases of chronic HEV infections in patients
with immunological/rheumatological diseases were
described in the literature as case reports in strongly
immunosuppressed patients (49, 50). No systematic
data are available on the seroprevalence in this
heterogeneous population.

Hematological diseases

There have been limited reports on chronicity rates
of HEV infections in patients with hematological
malignancies, coming mostly from small case series
or cross-sectional retrospective analyses on biobanked
serum samples.

Recently, a systematic review and meta-analysis was
conducted to assess the prevalence of HEV infection in
hematopoietic stem cell transplant (HSCT) recipients.
The final analysis encompassed 1,977 patients from
nine studies, with follow-up periods extending up to
40 months. The combined prevalence of positive HEV-
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RNA was calculated to be 3.0% (95% CI 2.3% to 4.0%),
while the combined prevalence of positive HEV-IgG
was determined to be 10.3% (95% CI 4.5% to 21.8%).

HEV-associated morbidity and mortality in a broader
range of hematological diseases has been explored
further in a recent retrospective cohort study across 11
European centers between April 2014 and March 2017.
Participating centers retrospectively included a total of
50 patients who had been identified with HEV RNA.
The prevalent underlying hematological malignancy
included aggressive non-Hodgkin lymphoma (NHL)
(34%), indolent NHL (iNHL) (24%), and acute
leukemia (36%). Among the patients, twenty-one
(42%) had undergone allogeneic hematopoietic stem
cell transplantation (alloHSCT). Hepatitis E was
associated with mortality in 8 patients, of which 4
experienced death-related to liver decompensation.
Reducing immunosuppressive treatment was linked to
mortality in two patients. In summary, this retrospective
study highlights that HEV was related to liver-related
mortality and that ribavirin should be initiated early
because of the risk of reducing the immunosuppressive
treatment in these patients (51).

The high HEV associated mortality has been
confirmed by a retrospective observational study
among European Society for Blood and Marrow
Transplantation (EBMT) centers. They identified 34
cases of HEV infection among patients followed for a
stem cell transplant in 12 centers from 6 countries (20
with an acute and 14 with a chronic infection). For 3
patients, HEV was considered the cause of death.

Importantly, HEV infection can alter cancer
treatment plans, including delaying hematopoietic stem
cell transplantation and decreasing cancer-free survival
(51-53).

Cancer

Only few data are available concerning HEV
infection in patients treated for solid tumors. In a tertiary
care cancer center in the United States, HEV serology
was screened for in oncologic patients considered at
risk for complications of a HEV infection (if they had
pre-existing hepatitis B virus infection, hepatitis C virus
infection, or acute elevation of liver enzyme levels).
Among the 405 patients screened, 63 showed anti-HEV
antibodies, of which 41 had been diagnosed with a solid
tumor. However, the only 2 patients with HEV RNA
were being treated for a hematological malignancy
(54). Further studies therefore need to be conducted to
evaluate the risk of chronic HEV in solid tumor patients.

HIV

Research investigating HEV seroprevalence among
individuals living with HIV has been conducted across
all continents. Higher HEV seroprevalences were
found in Africa and Asia, with most countries reporting
rates exceeding 40%. In continental European Union
countries, the rates were lower, ranging between 10-
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20%. Finally, in South and North America and Oceania,
the seroprevalence rates were even lower, with less than
10% of HIV+ individuals testing positive for anti-HEV
antibodies. The prevalence of chronic HEV infection
among HIV-infected patients is relatively low, ranging
from 0 and 0.5% (55).

The first cases of chronic HEV in HIV-infected
patients were reported in 2011 (56).

Those HIV patients with a CD4 count below 200/
mm3, corresponding to a severely immunocompromised
status, are at higher risk for chronic viremia. HIV
patients with restored CD4 counts generally clear HEV
spontaneously, although exceptions have been reported.
Ingiliz et al. described one case report where cirrhosis
was discovered in a HIV patient with a normal CD4
count, the etiology of which turned out to be chronic
HEYV acquired during periods of immunodeficiency that
persisted despite normalization of the CD4 count (57).

Immunocompetent patients

In very rare instances chronic HEV has been observed
in presumed immunocompetent patients(58-60).
Although one patient had an underlying cirrhosis, known
to impact innate cellular immune responses. Other subtle
deficiencies in adaptive or innate immune responses,
that require thorough molecular immunological testing,
might be involved in these cases as well.

Treatment options

According to the 2018 EASL guidelines, the
management of chronic HEV infection should follow
a stepwise and patient-specific strategy. This approach
has been resumed in Figure 1.

Chronic HEV infection

Reduction of immunosuppression if

Reduction of immunosuppression:

In SOT patient, the initial therapeutic option for
managing chronically infected transplant recipients is to
reduce the dosage of immunosuppressive medications, if
possible, which can result in sustained viral clearance in
approximately one-third of cases (5). However, reduction
of immunosuppressive drugs is not possible in all patients,
especially regarding the risk of an acute post-transplant
rejection or recurrence of hematological disease. Indeed,
in the series of hematologic patients described by von
Felden et al., reduction of immunosuppression was
associated with mortality in 2 patients (51). A recent
systematic review and meta-analysis showed that
viral clearance was achieved in 32% of patient after
reduction of immunosuppressive medication. However,
the effectiveness of reducing immunosuppressive doses
may be overestimated due to the limited reporting on its
efficacy in a minority of studies (61).

Antiviral Therapy with Ribavirin (RBYV)

If reduction of immunosuppression is not possible or
if the viral clearance is not achieved, ribavirin (RBV)
as monotherapy can be administered. Ribavirin exerts
direct antiviral effects through inhibition of inosine
monophosphate dehydrogenase and induction of lethal
mutagenesis. In addition, it enhances type I and II
interferon signaling, promotes Thl-polarized T cell
responses, and modulates cytokine production, thereby
supporting immune-mediated clearance of hepatitis E
virus. These complementary mechanisms explain its
high rate of sustained viral clearance (62, 63).

Several studies involving SOT have reported that
RBV monotherapy can result in sustained virological

possible

HEV clearance No HEV clearance

3-month of ribavirin monotherapy 2x/day, 10 mg/kg
daily
(! | of dosage if renal impairment, follow up of Hb)
Serum and stool HEV RNA evaluation
at end of treatment
If negative If positive

6-month course of
ribavirin monotherapy

If negative Serum and stool HEV RNA evaluation
after 3 months
If positive
Relapse after
ceasing ribavirin

6-month course of
ribavirin monotherapy

Persistent HEV replication
in serum or HEV relapse

Pegylated interferon for 3 months in LTx patients
No alternative available therapy in other transplant patients

Figure 1. — Stepwise strategy for chronic HEV infection treatment. HEV: Hepatitis E virus,
Hb:hemoglobin, RNA: Ribonucleic acid, LTx: liver transplanted.
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response (SVR) in up to 80% of patients (64).
Unfortunately, up until now no randomized controlled
trial or prospective study has established the optimal RBV
dose and treatment duration. Retrospective case series
apply dosages ranging from 200mg/day to 1200mg/day
for different durations ranging from 1 to 18 months. The
standard treatment protocol recommended by EASL
is a median dose of 600 mg per day for 3 months, but
prospective validation is required (5). Practically, a
twice daily weight-adjusted dosing totallingl0 mg/kg
daily is recommended, followed by dosage adjustment
based on tolerance, toxicity and possibly therapeutic
drug monitoring (65). The most frequent side effect of
ribavirinis profound hemolytic anemia, due to extensive
accumulation in erythrocytes, necessitating multiple
transfusions and erythropoietin injections in over half of
the patients (66). It is teratogenic and therefore contra-
indicated during pregnancy. Hyperuricemia and skin
reactions have been reported as well. In addition, its renal
clearance and long half-life of 300 hours complicates
dosing in patients with impaired renal function, as is
often seen in SOT.

In this context, a retrospective multicentric study
explored the relationship between RBV plasma levels
and both virologic response and anemia in transplant
recipients, taking into account renal function. They
showed no correlation between the RBV dose and RBV
plasma concentrations at steady state and no association
between RBV plasma levels and SVR. They defined a
RBYV therapeutic range of 1.8-2.3 mg/L to avoid toxicity.
However, RBV therapeutic drug monitoring is not
available in every center.

In practice, they recommend reducing the dose
by 25% in case of a glomerular filtration rate (¢eGFR)
between 30 and 50 mL/min per 1.73m2 and by 50% in
case of eGFR between 10 and 30 mL/min per 1.73m2.
The hemoglobin level should be regularly monitored
and if the concentration of hemoglobin decreases by
over 15%, it is recommended to consider reducing the
dosage or even stopping the treatment for 2 weeks and
then restart at half the initial dose (65).

Following the withdrawal of ribavirin-based
medications from the Belgian market, the National
Institute for Health and Disability Insurance has taken
the initiative of including ribavirin in chapter IVbis for
certain indications for which there are no reimbursable
therapeutic alternatives in Belgium. Imported ribavirin
from Germany can therefore be reimbursed under certain
specific conditions.

The presence of HEV-RNA in the feces and serum
should be evaluated at end of treatment and twelve
weeks after completing treatment to confirm eradication
and prevent potential relapses. In cases where HEV
RNA is undetectable in the serum but still present in the
stools at the end of a three months treatment course, the
risk of relapse is high, and prolonged treatment may be
necessary to achieve sustained viral clearance (67).

Patients who experience a relapse after completing 3
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months of therapy may benefit from extended treatment
(6 months or longer), which has been shown to improve
the likelihood of SVR (64,66).

Other medications

Pegylated-interferon-a has been promising in
treating chronic hepatitis E in a limited number of
cases, including liver transplant recipients and a patient
undergoing hemodialysis, who achieved HEV clearance
following a three-month course of therapy. However,
interferon therapy should be used with caution in SOT
recipients due to its immunomodulatory effects, which
can increase the risk of acute rejection in these patients
(68, 69)

For the patients who remain viremic, a prospective
trial has been performed with sofosbuvir, which was
initially shown to inhibit HEV in in vitro models.
However, none of the 9 treated patients achieved SVR
(70).

Given the potentially severe complications caused by
chronic HEV infections, a preventive approach could
be cost-effective. Dietary adaptation is essential to
lower the risk of HEV infection at the individual level,
especially in immunosuppressed individuals. Patients
should be advised to cook meat properly, to avoid pork-
derived products if they receive immunosuppressive
treatment or are immunosuppressed. Furthermore, to
prevent the risk of blood-borne transmission, systematic
HEV screening in the blood donors could be considered,
depending on the seroprevalence in each country.

What about vaccination

Finally, based on recombinant technology of a HEV
genotype 1 strain the HEV 239-vaccine, to prevent
HEYV infection has been developed in China by Zhu et
al, showing adequate protection against acute HEV-1
and HEV-4 infections (71). However, several important
questions remain before this vaccine can be advocated
to prevent chronic HEV infections. Specifically, the
seroconversion rate and duration of humoral responses
in the context of immunocompromised patients are
unknown. It is also unclear whether the vaccine
offers protection against a HEV-3 infection. Finally,
some natural and experimental HEV breakthrough
infections have been reported despite measurable anti-
HEV antibodies, that were related to the avidity of the
humoral response (66). Given the omnipresence of HEV
in the European food chain resulting in a spontaneous
seroconversion during lifetime in up to 25% of persons,
it is doubtful whether such a vaccine would be cost-
effectiveness. Therefore, it is too early to recommend a
HEV vaccine strategy to prevent chronic HEV infections.

Conclusion and prospects for future research

While most cases of acute HEV infection resolve on
their own and require only symptomatic care, chronic
disease can be fatal. Certain populations, such as SOT
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recipients and individuals with HIV or rheumatological
conditions, are at particular risk for chronic HEV
infection. In immunosuppressed individuals, an
increase in liver enzymes should prompt immediate
serological testing and HEV RNA detection, as these
patients may not mount a sufficient immune response.
More prospective studies on the real HEV infection
prevalence in this population are needed. In transplanted
patients, cases of HEV transmission via the graft raises
the question of systematic graft screening for HEV.
Moreover, preventing strategies should be developed,
first insisting on dietary adaptations, on screening for
HEV in blood donors and on evaluating the efficacy
and cost-effectiveness of a vaccination strategy in this
specific population.

Further clinical research is essential to develop
safe and effective treatments for chronic HEV and
improve outcomes for immunosuppressed individuals
worldwide.
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