Hepatits E virus (HEV) as a new challenge in Poland
based on narrative review of epidemiological and clinical
data
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Abstract

Manuscripts on hepatitis E virus (HEV) epidemiology in Poland listed in Pubmed were analyzed in the
context of current clinical and biological knowladge and epidemiological data from other regions of
Europe and the world.

Analyzed data indicates a high frequency of IgG HEV in Poland compared to other European
countries and parts of the world, on average it exceeds 40%. In some regions of the country, even
near 60% of the population has been passed infection. It has been estimated based on the frequency
of acute phase markers, that at least 113,000 residents may be infected each year.

Presented results encourage to improve availability of HEV diagnostics, to increase of physicians’
awareness and taking into account HEV infection as an etiological factor of numerous diseases.
Preventive measures, especially in risk groups and research on the clinical significance of HEV and on
effective therapeutic management should be considered.
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Introduction

Hepatitis E virus (HEV) was discovered in 1983 by Soviet virologist Mikhail

Balayan;w

unrkRewn-virus-th-an-eleetron-miereseope-[1, 2]. Initially, it seemed that the virus

occurred locally, in regions with poorly developed sanitary infrastructure - in Central

Asia, Central America and Africa, but at the end of the last century, a change in the
perspective on the epidemiology of HEV was brought by the identification of a new
genotype occurring in developed countries around the world [3].

HEV is currently considered one of the most common causes of acute
hepatitis in humans worldwide [4]. The epidemiological and clinical significance of
HEV infections in Europe is growing - in just 5 years, a 10-fold increase in the
number of infections reported to epidemiological surveillance has been observed,
which reflects two aspects - increased access to diagnostics, but also a higher
incidence of infections, which was confirmed in countries with greater availability of
HEV tests [5].

In current paper we review literature on HEV epidemiology in Poland, in both
the environment and human population, including patients and blood donors. We
analyzed manuscripts listed in Pubmed matching phrases HEV (hepatis E virus) and
Poland. Data for Poland were compared to other regions of the world and discussed
in the context current knowladge on clinical significance, transmission routes and
biology of the virus crucial for understangin effctivenes of infection prevention and
natural course of infection, and in view on optimal diagnostic and therapeutic

procedures.



Taxonomic classification and biology

HEV was initially classified into the Hepeviridae family, genus Orthohepevirus,
within which four species Orthohepevirus A-D were distinguished. According to the
latest taxonomic division, viruses infecting humans have been classified into the
genus Paslahepevirus [6].

Within the species Orthohepevirus A seven genotypes (1-7) were
distinguished [7]. It is known, that genotypes 1-4 infect humans, however recent
observations indicate, that other genotypes within Orthohepevirus A and species of
Orthohepeviruses also have a significant zoonotic potential - passinging the
interspecies barrier and causing hepatitc manifestations - there are documented
symptomatic human cases of infection with genotype 7, previously detected
exclusevely in camels [8], in Africa, and in Spain and in Hong Kong infections with
Orthohepevirus C, previously identified only in rats [9,10]. Genotypes 1 and 2 are
human-specific pathogens, responsible for the spread of large epidemics in
developing countries - mainly in Asia, Africa and Central America. The spread of
infections is facilitated by poor sanitary conditions, contaminated water and, to a
lesser extent, contaminated food. Infections with genotypes 3 and 4 are recorded
mainly in developed countries in North and South America and in Europe and are
most often a consequence of meat consumption from infected animals - pork and
game and in some proportion of infected persons result in hepatic or extrahepatic
symptoms [11].

The biological properties of HEV, similar to HAV, determine the course of
infection and also explain resistance to external factors and infectivity through blood
and transfusion and often wide spread of infections in humans, in some part of the
world. HEV is a relatively small (27 - 34 nm in diameter), spherical virus, whose
genetic material is in the form of short RNA (approx. 6.4 - 7.2 kb). The virus genome
includes three partially overlapping open reading frames - ORF1 encodes non-
structural genes: helicase, protease and RNA - dependent RNA polymerase. ORF2
encodes the capsid protein, and ORF 3 encodes a small phosphoprotein, that binds

to the cytoskeleton [3, 10].



It has been shown, that the virus isolated from plasma, in contrast to virions
from feces, is not neutralized by immune serum containing antibodies against ORF2
protein, and has higher density and diameter. These differences are related to the
presence of enveloped virions in the blood, while in feces - non-enveloped ones.
Some authors describe the structure of HEV virions as quasi-enveloped and suggest
different routes of entry of the mentioned morphological forms of the virus into cell
[12, 13].

It is believed, that the structure of virions determines the high resistance of
HEV to (extreme) factors/physicochemical conditions. Disinfectants containing high
concentrations of isopropanol or ethanol have been shown to be ineffective. Only the
addition of phosphoric acid to alcohol improves the effectiveness of this type of
disinfection [14]. The relationship between temperature and virus infectivity seems to
be more limited than in the case of other viruses, especially enveloped ones -
infectivity can be maintained at refrigerator temperature (4°C) for many weeks (at
least 56 days); at room temperature (approx. 22°C) even for 4 weeks; only exposure
to a temperature of at least 80°C almost immediately destroys the replicative
potential of the virus, preventing its transmission [15].

Recent work by the research team from Catalonia indicates an even more
complex biology of HEV. It has been shown, that in blood of infected donors, in
addition to the enveloped form of virions, the non-enveloped form also occurs in a
minority, which indicates, that the presence of this morphological form of the virus is
not limited to the bile ducts and feces, as previously thought. Importantly, the share
of enveloped virions fluctuates during the course of infection, increasing in
seropositive individuals and those with elevated liver enzyme activity [16]. This
observation seems to explain the high infectivity of HEV by transfusion, even in

inactivated components.
Transmission routes

It was well documented, that HEV infection is transmitted to humans via the
fecal-oral route, through the consumption of contaminated food, as well as through

blood transfusion and transplantation. As far vertical transmission was reported for
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genotype 1, It is not certain for genotype 3, as there is a shortage of data clearly
confirming or excluding this rout of transmission for polymorphic forms authostonous
in developed coutries. Sexual transmission is suspected based of population study of
serological markers in MSM group, but role of this route of transmission in infection
spread still require further studies [17, 18] (Figure 1). HEV transmission through
drinking water contaminated with feces of infected people mainly concerns
genotypes 1 and 2 of HEV and is dominant in developing countries [11].
Consumption of fruits (e.g. strawberries), vegetables watered with contaminated
water, as well as seafood (e.g. oysters, mussels) is also a risk factor for HEV
infection [19, 20]. HEV transmission through the consumption of infected meat
concerns genotypes from animals (3 and 4), the reservoir of which are mainly
domestic pigs and wild boars, as well as deer, rabbits, hares, cows and goats [11,
19, 21]. Consumption of raw or undercooked meat, such as pork or game, is
particularly risky. Contact with sick animals may also be a source of HEV infection.
Cases of HEV infection have been described in France as a result of frequent contact
with domestic pigs, and higher seroprevalence of HEV has also been observed in
Swedish, Dutch and French veterinarians or hunters in Germany and France [20].
Infection with genotype 7 HEV has also been reported in the Middle East as a result
of consumption of camel meat and milk [7]. HEV transmission may occur vertically
from mother to child, with the risk of death due to the development of severe liver
failure being particularly high, even 20%, for genotypes 1 and 2, and not elevated for
genotypes 3 and 4 [19, 22, 23].

Transmission of HEV infection by transfusion of blood and its components has
been repeatedly documented [21, 24]. Based on the analysis of transfusion cases of
blood and its components infected with HEV, the average risk of transmission was
determined at about 42% (the highest for plasma, lower for platelet concentrates and
the lowest for red blood cell concentrates) [25], and the minimum infectious dose
(MID) was estimated at 3.85 log U, although it is emphasized that transmission is

more likely to occur, when the dose exceeds 4 log IU [26].



HEV transmission through transplantation has also been described, including
liver [27] and kidney [28]. Transmission of infection through sexual contact seems
likely, especially between men (MSM), as indicated by the higher frequency of anti-
HEV IgG in the MSM population in Italy compared to the control group [29], but this

route of HEV spread has not been finally confirmed so far [19].
HEV infection course and diagnosis

The infection course, taking into account appearance of infection markers, was
schematically presented on Figure 2. The incubation period of HEV infection is
usually 2-6 weeks. After about three weeks from infection, HEV RNA is detected in
blood and feces, in which RNAemia persists for about 3-6 and 4-6 weeks,
respectively. HEV RNA can be detected shortly before the onset of symptoms. The
virus level doubles on average within 2.4 days, and the half-life is 1.6 days. Usually
about 3 weeks after the onset of clinical symptoms, HEV RNA becomes undetectable
in the blood, although it continues to be excreted in the feces for another 1-2 weeks.
In studies of blood donors, HEV RNA was detected for up to 6 months [30, 31, 32].

In immunocompetent person infection usually follows similar course. Clinical
symptoms may be accompanied by an increase in the activity of biochemical
markers, and then antibodies - IgM and IgG - also start to appear at the same time
[23]. The level of anti-HEV IgM starts to increase on average around day 33 and
reaches its maximum concentration on day 36 from the detection of RNA. In most
immunocompetent patients, this isotype of antibodies was no longer detectable after
6 months. The concentration of anti-HEV IgG starts to increase on average around
day 32 and reaches its maximum concentration around day 53 from the appearance
of RNA in blood. This isotype of antibodies was still detectable in most patients after
1 year [31, 33].

Another marker of infection, the diagnostic use of which is discussed in the
literature, is the hepatitis E virus antigen (HEV-AQ) - a viral capsid protein detectable
in blood during the serological window period/during the acute phase of infection,
persisting for 3 to 4 weeks after the symptoms of infection have subsided [34].

Recently, it has been discovered, that HEV Ag is specifically taken up from blood by
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renal cells and eliminated in urine, which is why Ag concentration is >10 times higher
in urine than in blood and results in higher diagnostic sensitivity. Detectable Ag in
urine was observed 6 days earlier than in serum and persisted longer than RNAemia
and antigenemia in blood. In studies on rabbit models, detectability of Ag in blood
showed good agreement with detectability of RNA in feces [35, 36].

In immunocompromised patients, who developed chronic infection, HEV RNA
persists in blood, feces and body fluids for more than 3 months. It is believed that in
this group there is a low or undetectable level of anti-HEV antibodies [37].

The phenomenon of HEV reinfection is not well understood. Based on
previous observations, it seems to occur, although its scale remains unknown. Cases
of HEV reinfection have been described in solid organ transplant recipients.
Importantly, in this group, HEV reinfection may lead to chronic infection [20, 38, 39].
The results of an 8-year follow-up of blood donors in the German population showed
that, among 495 HEV RNA(+) donors, as many as 78.4% did not have IgM or 1gG
antibodies against HEV, while 8.5% had only IgG antibodies. Interestingly, only
26.6% of HEV RNA(+) donors showed an increase in ALT activity. These data may
indicate ongoing recurrent reinfections in the studied population [40].

Available diagnostic tests and their clinical application for differentiation of
phases of infection and limitations, especially in patients with immunodeficiency were
presented in Table I. Diagnosis of HEV infection is based on the examination of a
molecular (HEV RNA) and serological markers (IgM and 1gG antibodies and HEV
antigen). The detected markers allow to distinguish between acute, chronic and past
infection phase, however their usefulness in immunocompetent patients and with
immunodeficiency differs (Table I) [30, 41, 42].

The gold standard for diagnosis of acute and chronic infection in both
immunocompetent and immunodeficient individuals is the HEV RNA test. HEV RNA
in the acute phase can be detected in both blood and feces from the 3rd to 6th week
of infection. HEV RNA present for more than 3 months indicates chronic infection [43,
44]. The HEV RNA test also allows us to monitor the reduction of infection and the

effectiveness of antiviral treatment, as well as reinfections [45, 46]. It should be noted



that molecular tests (both qualitative and quantitative) may differ in terms of analytical
and clinical sensitivity declared by manufacturer. Analytical sensitivity of tests (the
lowest RNAaemia detected by the test) can be reliably determined and compared by
analyzing the results of dilution tests of international WHO standards and secondary
standards [47, 48, 49], and clinical sensitivity (the efficiency of detecting various
polymorphic forms) can be compared by analyzing the results of reference panel
tests (IRP) [50]. The most sensitive molecular tests detect even several IU of HEV
RNA/mI [20].

Anti-HEV antibody tests remain an important element of HEV diagnostics in
immunocompetent individuals. Anti-HEV IgM and IgG antibodies can be detected in
up to 98% of this group of patients in the acute phase, provided that tests with high
sensitivity and specificity are used [51].

High sensitivity of some tests, e.g. Wantai, results from the use of the y chain
coating strategy, which is used by few manufacturers of anti-HEV tests [52, 53, 54].
The results of some studies indicate that the sensitivity of the so-called rapid anti-
HEV IgM tests, e.g. All Diag, can be comparable to ELISA tests [51, 55]. Otherwise,
in people with acute hepatitis E and reduced immunity, anti-HEV IgM and 1gG
antibodies were not detected in even 20% and 85% of infected people, respectively -
therefore, in this group of patients, antibody testing should not be the basis for HEV
diagnosis [56, 57]. Moreover, when analyzing the result of IgM isotype tests, it should
be taken into account that cases of their persistence for more than a year were
observed, and in people infected with e.g. EBV, CMV, HCV, there is a risk of a falsely
reactive anti-HEV result - therefore, diagnosis and differentiation of the phase of HEV
infection, even in immunocompetent people, should not be based solely on the anti-
HEV IgM test [58, 59, 60]. The presence of only anti-HEV IgG antibodies indicates a
past infection or vaccination. In people with past infection, the sensitivity of anti-lgG
tests is estimated at 57.5-75% [51].

HEV ORF2 antigen is detected in blood and urine in both acute and chronic
phases of infection, which may be helpful in diagnostics. HEV-Ag tests performed in

serum allow for detection of infection with RNAemia at the level of 102 - 10°



copies/ml, and are characterized by high sensitivity (80-94%) and specificity (86-
100%) [61, 62, 63]. The results of the studies utilizing new HEV-Ag test in urine
indicate, that its effectiveness in diagnosing HEV may be high compared to HEV
RNA and anti-IlgM tests, because the HEV-Ag level in urine is over 10 times higher
than in blood [36]. However, it should be noted, that in immunocompetent individuals
a positive HEV-Ag result does not always correlate with presence of HEV RNA. For
example, HEV-Ag was detected in patients treated with ribavirin even several dozen
months after the elimination of HEV RNA [30]. Studies on HEV cell cultures suggest
that the reason for the lack of correlation between the results of HEV antigen and
RNA is the detection of glycosylated forms of ORF2 secreted in infected patients at
high concentrations by HEV-Ag test, in addition to the less abundant non-
glycosylated form of ORF2 present in infectious virions [64]. The use of HEV antigen
testing in diagnostics is still not well established, as it has been noted, that this
marker may be undetectable during the period of antibody development, and

moreover, little is known about its detection in immunocompromised individuals [65].

Epidemiological situation in Poland
Presence of the virus in the ecosystem

Since HEV infections are mainly spread by the oral route, it is particularly
important to know the data on the detection of the virus in food. Our knowledge in
this area is limited and largely indirect. Studies conducted on liver samples (n=100)
and blood (n=146) of pigs obtained from slaughterhouses and retail outlets in central
and eastern Poland showed the presence of HEV RNA in 1 and 5 samples,
respectively [66]. In addition, viral RNA was detected in the blood of wild boars
(25.8%) [67]. The presence of HEV genetic material on the surface of fruits and
vegetables was also demonstrated — it was identified on 1 to 2% of leafy vegetables

and strawberries, respectively [68, 69].

Detection of HEV infection markers in humans

HEV RNA and antigen



The results of tests of markers of ongoing (acute) infection (viral RNA and
antigen) in humans and animals in Poland are presented in Table Il [66, 67, 70, 72,
73, 74]. The data on incidence based on HEV RNA testing to date come only from
blood donor testing. The nationwide analysis conducted in 2015 covered nearly 13
thousand donations from first-time donors, which were tested individually. The
genetic material of the virus (confirmed reactive result of the screening test) was
found in 6 donors (1/2,109 donors/donations) [70]. From mid-2018 to the end of
2019, the Regional Blood Transfusion Centre (RBTC) in Poznan tested donors,
whose plasma was intended for clinical use in England, where HEV RNA is a
mandatory qualification test in blood donors. The tests were conducted in mini-pools,
initially from 16 donations using the transcription mediated amplification (TMA)
method, and then from 24 donations using the real-time PCR method. During
screening of almost 40 thousand donations, a total of 10 infected donors were
identified (1/approx. 3,900 donations) [data from the Institute of Hematology and
Transfusion Medicine in Warsaw (IHTM) and RBTC Poznan, A. Bukowska, PhD]. In
Poland according to the current recommendations [71], HEV RNA testing is not
obligatory, but is recommended as it increases the safety of transfusions. In April
2024, the RBTC in Warsaw started testing for HEV RNA in IDT - 35 infections were
detected in 51,782 donations, (confirmed repeatably reactive (RR) results; frequency
1/1,479 donations) [data from IHTM and RBTC Warsaw, J.Gdowska, MsC].

In several other studies conducted locally, the presence of the virus was also
analyzed using direct methods (RNA or antigen detection). Infection markers (Ag by
ELISA without verification) were detected in single patients from Podlasie with liver
cirrhosis (1.7%) and after transplantation (2.8%) [72], but they were not present in
hemodialysis patients from Wielkopolska [73] and in hematological patients, including
after allo-HSCT [74].

The number of studies, in which the polymorphic form of the virus occurring in
Poland was determined is still limited. As expected, HEV donors were carriers of
genotype 3 infections — subtypes 3i and 3c [70]. Subtype 3i was identified in wild

boars, while subtypes 3f and 3e were identified in the liver and blood of pigs [66, 75].
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Moreover, subtypes 3i and 3c and mixed infections with different/two subtypes were

detected in pig feces [76].
IgM anti-HEV isotype

Knowledge about the incidence can be supplemented by the results of tests
for anti-HEV IgM antibodies appearing in the early phase of infection and persisting
for the first few months — data for populations of blood donors (A), other symptomless
person (B) and patients (C) were summarized in Table Il [70, 72, 73, 74, 77, 78, 79,
80, 81, 82]. In the only nationwide study conducted so far, the serological marker of
acute infection was detected in 0.8% of donations collected in 2015 [70].

In other studies, on healthy individuals from different regions of Poland, a
comparable percentage of positive results was obtained - in 0.3% to 0.5% of hunters
(samples collected slightly earlier (2010-12) [77, 78] than in the case of the above-
mentioned donors) [70] and in 0.8% of soldiers (2016) [79].

More varied results were observed in patients. Anti-HEV IgM ranged from 0%
in hemodialysis [73] and hematological patients [74], through about 1% in
immunocompromised patients (with HIV and after transplantation) [72] and with
autoimmune hepatitis [80], up to 5% in patients with liver cirrhosis [72]. Differences in
results between blood donors and patients should be interpreted with caution,
because in the second group, unlike donors, the specificity of reactive results in
ELISA was not verified in WB. Usually, the percentage of confirmed results is lower
as compared to that not verified. Moreover, a large proportion of patients had, to a
greater or lesser extent, impaired immunity and the ability to produce antibodies in
response to infection. For that reason, we cannot exclude, that a larger proportion
than indicated by the test results could have been infected in the months preceding
the sample collection.

The frequency of anti-HEV IgM (15.6%) identified in the group of Hindus
studying in Biatystok clearly differs from the range of the results quoted. During this
first population study of specific anti-HEV antibodies in Poland, an appropriate

confirmatory test was not yet available. Additionally, the authors note that
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seropositivity was most likely a consequence of infections, that occurred during stay

in Asia [81].
IgG anti-HEV isotype

When analyzing the results of anti-HEV IgG antibodies studies, several
associations from previous, including Polish observations, should be taken into
account. The frequency of antibodies increases with age and, as shown by the
results of some studies, is higher in men [70]. Therefore, the demographic structure
of the studied group may have a significant impact on the obtained results. Moreover,
as shown in the section on diagnostics, the percentage of seropositive results
depends on the test used. It was noted, that some tests may be characterized by
higher sensitivity and therefore give a higher percentage of reactive results in
population studies than tests with lower sensitivity.

The summary of screening results of anti-HEV IgG antibodies, indicating a
past infection in Poland in animal and human populations (both healthy and patients)
are presented in Table IV [67, 70, 72, 73, 74, 77, 78, 79, 80, 82, 83, 84, 85, 86, 87,
88, 89]. The results of tests in humans are discussed in the following section.
Especially, we focused on the results obtained using the the most specific and
sensitive Wantai test, which has been used in numerous studies worldwide for
donors’ population assessment.

So far, the results of two nationwide studies on the detection of the anti-HEV
IgG isotype in animals have been published. They indicate the commonness of
infections in wild boars and pigs/swine. Anti-HEV IgG was detected using tests from
different manufacturers in 31% to 44.4% of wild boars and in 44.1% of pigs, however

was not detected in other wild animals (deer, roe deer, bison, etc.) [83].
Population studies of IgG anti-HEV in humans

The only nationwide analysis of humans showed anti-HEV IgG seropositivity in
an average of 43.5% of donors — from 30% in Podlasie to 60% in Greater Poland
[70]. Other studies performed locally in donors in Greater Poland confirmed a high

prevalence of antibodies to HEV (from 49.6% to 60.9%) [85-88].
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A high percentage of antibodies indicating a past infection was also identified
among patients treated in Poznan. Specific IgG were detected in 37.7-50.8% of HIV
patients [72, 87], 40.6% of transplant patients [72], 48.3% of patients with liver
cirrhosis [72] and in 49.7% of hemodialysis patients [73]. In Mazovia, despite
treatment and the underlying disease significantly reducing immunity, anti-HEV 1gG
was detected in 44.6% of samples collected from hematological patients in 2021-
2023 [74].

Other nationwide studies were conducted using tests from other
manufacturers (Mikrogen, Euroimmun) than in the case of the above-mentioned
studies of donors and patients (Wantai). These analyses showed HEV IgG

seropositivity of 22.2-25% of hunters [77, 78] and 6.3% of soldiers [79].

Epidemiological situation in Poland in comparison with data from other regions
of Europe and the world

The frequency of anti-HEV IgG (Wantai test) in patients and in blood donors in
Poland in comparison with other countries and regions of the world is presented in
Figure 3. Taking into account the highest results obtained so far, obtained for donors
with the test considered to be among the most sensitive (Wantai), it should be
assumed, that Poland is the country with the highest seroprevalence in Europe. Over
40% of donors nationwide have been passed infection, which is the highest
percentage among European countries and one of the highest in the world [90, 91,
92, 93]. Polish results are comparable only to Nepal [94], where testing was
performed shortly after the catastrophic earthquakes, that with a high degree of
probability significantly influenced epidemiological situation. Moreover, it can be
assumed, that the dominant genotype transmited in Nepal was genotype 1, while in
Poland only genotype 3 infections have been documented so far. Also, the
frequencies of anti-HEV IgG antibodies observed locally, in the Greater Poland
province (approx. 60%) are among the highest. The seroprevalence in this area
exceed the extreme frequencies observed in southern France (39.1%) [95], in two
provinces in Italy (40-44%) [96] and are comparable only with Corsica (56.1%) [97]
and northern India (60.5%, expected genotype 1) [98] (Figure 3).
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The epidemiological data presented in current paper allow for a preliminary
estimate of HEV incidence in Poland. For his purpose seroprevalence of specific IgM
is helpful, as it is marker of acute infection maintaining in human blood at detectable
level for app. 6 months. Extrapolating results of nationwide studies of donors (0,8%)
on the whole population of Poland (38 mlIn.), one of the pioneers of research on
genotype 3 HEV in Europe, Dr. John Dalton, estimated the number of new/acute
HEYV infections per year at approximately 400 thousand [99]. To make more cautious
estimates you can also use the lower percentage of IgM positive results obtained in
other locally conducted studies (0.3-0.5% - see Table Ill) and assume, that this
isotype of specific antibodies persists on average not for 6, but even for 12 months.
Under such assumptions the number of predicted infections would range from about
113 to 189 thousand cases per year (1 year x 37.72 million inhabitants [100] x 0.3-
0.5% [percentage of IgM positive infections per year] = 113,160-188,600). Therefore,
taking into account more and less cautious estimates, we can expect from about 113
to 400 thousand infections per year in Poland, respectively.

It is worth noting that in Poland, unlike in most European countries [101], HEV
is not subject to mandatory epidemiological surveillance. Therefore, in our country we
do not have reliable data on the epidemiology of infections, especially symptomatic
ones. It is known that acute infections identified in blood donations and at least some
infections diagnosed in infectious disease clinics (RNA-positive) are reported to
epidemiological surveillance and then presented in the category of "other and
unspecified hepatitis” (item 107) in the NIZP-PZH report published every two weeks
[102]. Even if we assume, that all cases reported in this way concern HEV (and in
2023 there were 59 reports classified as such) and cautiously estimate, that no more
than 1% of infections have a significant clinical course requiring treatment (1% out of
113,160-400,000 estimated infections per year in the whole country = 1,130-4,000
symptomatic cases), it appears, that the number of diagnosed infections is
significantly underestimated (from 19 to 68 times).

Currently, no more than several dozen cases of hepatitis E or other

symptomatic HEV infections are diagnosed in Poland each year, while in Western
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European countries with significantly lower seroprevalence, many times more
symptomatic cases are reported. Over the period 2005-2015 a total of 21.018
confirmed hepatitis E cases were reported from 22 countries. The largest numbers of
confirmed cases, accounting for 80% of all cases reported, were from 3 countries -

Germany, France, and the United Kingdom [5].
Clinical significance

HEV genotype 3 can lead to asymptomatic infections in majority of patients.
Less than 5% may develop acute self-limiting hepatitis, sometimes with a jaundice.
After an incubation period of 3-8 weeks (on average about 4 weeks), prodromal general
symptoms may occur. These include subfebrile state or fever, increasing fatigue,
weakness, loss of appetite, nausea, vomiting, muscle and joint pain, which are
accompanied by the pain in the right hypochondrium. In some patients, jaundice with
pruritus, hepatomegaly, dark urine, discolored stools may appear. Laboratory tests
performed during this period show constant increase in transaminase activity. The
peak of HEV viremia usually precedes the peak of transaminase activity by about 6
weeks. The course of the disease is significantly influenced by the status of the body's
immune response and pre-existing liver diseases. In immunocompetent patients
without concomitant liver diseases, acute HEV infection is self-limiting. Symptoms
usually subside after 1-2 weeks along with transaminase activity, that usually
normalizes after several weeks. Single cases of HEV viremia lasting more than 2 years
have been observed in immunocompetent patients, but this was not associated with
the progression of liver fibrosis. Symptoms, that may accompany HEV infection were
grouped in Table V into the cathegory of different clinical manifestations: hepatic,
hematologic, neurological, nephrological and other [23, 103].

A significant clinical problem is the overlap of acute HEV infection with
underlying liver disease, especially in the phase of advanced fibrosis or hepatic
cirrhosis. This often leads to decompensation of liver function, that sometimes may

progress to acute, life-threatening organ failure [22, 23].
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In acute infection with HEV genotype 1 during pregnancy a particularly severe
hepatitis progressing to fulminant liver failure and death in up to 20-25% of infected
women, was noted [41].

Immunosuppression of various aetiology, particularily after solid organ
transplantation, have a significant impact on the immunological control of HEV
replication. In 50-60% of immunocompromised patients, infection with HEV genotype
3 or 4 becomes chronic, which is defined as prolonged detectability of HEV RNA in
blood for over 6 months. However, later observational studies have shown, that in
some solid organ recipients, spontaneous elimination of HEV RNA occurred up to 3
months after infection. The chance of spontaneous elimination of HEV RNA in the
period from 3 to 6 months after infection was very low [104]. Hence, the current
recommendations of experts from the European Association for the Study of the Liver
(EASL) indicate that patients, in whom HEV replication lasts >12 weeks should be
considered as chronically infected with HEV [23]. Symptoms of chronic HEV infection
are non-specific. Most frequently (in 1/3 of patients), progressive, prolonged fatigue
was observed. In majority of patients, a chronic moderate increase in transaminase
activity was observed. In some, transaminase activity remained within the norm,
serological markers of HEV infection were undetectable, and the only test confirming
the infection was the detection of HEV RNA in blood [105]. It is estimated that
approximately 10% of patients with chronic hepatitis E will develop liver cirrhosis within
1-2 years, which may result in liver failure and death of the patient or the need for liver
transplantation [23].

Hepatological symptoms of acute or chronic hepatitis E may be accompanied
by extrahepatic manifestations, which reflect the extrahepatic HEV replication and
immunological damage to tissues and organs. Neurological symptoms like bilateral
amyotrophic neuralgia (pain, paresthesias and muscle weakness in the shoulder
girdle and arm) or Guillain-Barré syndrome more frequently affect immunocompetent
individuals infected with genotype 3 HEV. However, these complications have also
been observed in immunosuppressed patients with chronic hepatitis E. In patients

with immunodeficiencies, extrahepatic nephrological complications
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(glomerulonephritis, IgA nephropathy) and hematological complications (monoclonal
gammopathy in 25% of individuals with acute HEV infection, thrombocytopenia,
cryoglobulinemia, aplastic or hemolytic anemia) are more common. Additionally,
cases of pancreatitis, arthritis, myocarditis, or thyroiditis have been reported for
genotype 1 HEV infections [21, 23] (Table V).

It is estimated, that 3-13% of patients with suspicion of drug-induced liver
injury (DILI) are infected with HEV. Therefore, testing for HEV is higly recommended
in this group [103]. In our own material (unpublished data), 25% of patients
diagnosed with viral hepatitis E were admitted to hospital with an initial diagnosis of
acute drug-induced liver injury.

The disease caused by HEV is self-limiting and treatment is primarily
symptomatic, based on the maintaining water and electrolyte balance, vitamin
supplementation, UDCA (ursodeoxycholic acid) in patients with the cholestatic
hepatitis and pruritus, avoiding paracetamol and other potentially hepatotoxic drugs.
Specific therapeutic interventions, such as ribavirin, may be considered only in
patients with acute liver failure or chronic hepatitis E in immunocompromised
population. Single reports indicate, that in severe acute hepatitis E in patients with
underlying liver diseases, ribavirin usage shortened the period of HEV viremia and
accelerated the convalescence. Patients with hepatitis E and fulminant liver failure
may require liver transplantation [22, 23]. Clinical reports indicate the efficacy of
pegylated interferon a in inhibiting HEV replication, however, due to its
immunomodulatory effect, most patients with chronic, complicated hepatitis E have
contraindications to this therapy. Single reports indicate a potentially beneficial effect
of inhibiting HEV replication by sofosbuvir, however emerging resistant variants are
of specific concern [22, 23]. Several compounds, that inhibit HEV replication by

targeting host or directly virus are currently in the pipeline.
Infection prevention

Infection prevention is particularly important in the case of groups at risk of
more significant complications in the course of HEV infection: in patients with liver

disease (including cirrhosis, hepatitis B and C, etc.) and patients with reduced
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immunity due to the underlying disease (cancer), immunosuppressive treatment
(especially in transplant patients) and HIV infection. The significance of HEV infection
in pregnant women is discussed - it is known that genotype 1 infections are
particularly dangerous, but it is not fully known, what significance genotype 3
identified in developed countries, including Poland, has in this group [22, 41].

The primary prevention of diseases transmitted through the fecal-oral route
involves improving sanitary conditions, access to clean drinking water, proper sewage
disposal, and educational measures that inhibit virus transmission within the
population, such as the habit of washing hands with clean water before meals.

Prevention of zoonotic infections (HEV genotype 3 and 4) includes maintaining
good hygiene, washing hands after contact with animals or their feces, and proper
cooking of meat. Particular caution is recommended, when it comes to consumption of
pork and wild game, that has not been fried or baked. For these meat products, careful
and possibly prolonged heat treatment is recommended [22, 41].

Another significant source of infection may be transfusions of blood, its
components and blood products. Thus, blood services in many countries, mainly
European ones, has introduced HEV RNA testing for donations intended either for all
recipients or only those belonging to risk groups. In Poland, there is no such
requirement so far, however, some RBTCs (e.g. in Warsaw) have introduced
multiplex tests for donor screening, which, in addition to detecting HBV DNA, HCV
RNA and HIV RNA, identify HEV RNA. An additional action reducing the risk of HEV
transmission through transfusion may be the use of inactivation methods. A
significant limitation is the lack of such method for whole blood and red blood cell
concentrates and limited effectiveness ensuring a smaller reduction in
infectivity/replication capacity (2-3 log), than in the case of enveloped viruses such as
HBV, HCV or HIV [21, 23, 25, 92, 103].

Intensive work is underway on an effective vaccine against hepatitis E. So far,
4 recombinant vaccines have been developed, all of which use ORF-2 antigens
administered in 3 doses over 6 months for immunization. Three vaccines were

constructed using the genotype 1 antigen, and one using genotype 4. The most
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advanced work is on the Chinese Hecoline® vaccine using the genotype 4 antigen.
The results of four phases of clinical trials indicate high effectiveness against viruses
belonging to genotype 4, it has a weaker effect against genotypes 1 and 2, and the
effectiveness of the developed vaccines against genotype 3 remains unknown.
Vaccination of risk groups and people in areas of HEV epidemics is being
considered. An important observation is that vaccinations do not lead to the
development of long-lasting immunity, but prevent progression of HEV infection to
symptomatic hepatitis. Furthermore, it has been shown to be safe for pregnant

women. [106].
Duscussion

The presented data indicate a high incidence of HEV among people in Poland, with
significant underestimation of epidemiological surveillance data. Therefore, it is
necessary to expand knowledge of the epidemiology and clinical significance among
medical personnel, increase the availability of diagnostics, and implement mandatory
separate reporting of hepatitis E. In terms of prevention, primary efforts should be
directed toward protecting high-risk groups of patients at high risk of clinical
complications from HEV infection — transfusion and transplant recipients (by
implementing HEV RNA testing in donors of blood and blood components, as well as
organs and tissues). To explain the phenomenon of extremely high seroprevalence in
Poland and develop strategies to limit the infection epidemic, research into the
sources of HEV infection in Poland — food, water, etc. — is desirable. More accurate
forecasting of the infection epidemic in Poland and other countries will be possible
after collecting more detailed data confirming or ruling out reinfection and its
characteristics. The Polish experience appears to be universal and useful for other
countries, especially developed ones.

Acknowledgements: The authors would like to express their gratitude to Alicja
Bukowska, PhD from the Regional Blood Transfusion Center in Poznan and Jolanta
Gdowska, MsC from the Regional Blood Transfusion Center in Warsaw for providing

data on the detection of HEV RNA in blood donors.

19



References:

. Balayan MS, Andjaparidze AG, Savinskaya SS, Ketiladze ES, Braginsky DM,
Savinov AP, Poleschuk VF. Evidence for a virus in non-A, non-B hepatitis
transmitted via the fecal-oral route. Intervirology. 1983;20(1):23-31. doi:
10.1159/000149370. PMID: 6409836.

. Balayan MS. Hepaititis E virus infection in Europe: regional situation regarding
laboratory diagnosis and epidemiology. Clin Diagn Virol. 1993 Mar;1(1):1-9. doi:
10.1016/0928-0197(93)90027-3. PMID: 15566712.

. Schlauder GG, Desai SM, Zanetti AR, Tassopoulos NC, Mushahwar IK. Novel
hepatitis E virus (HEV) isolates from Europe: evidence for additional genotypes
of HEV. J Med Virol. 1999 Mar;57(3):243-51. doi: 10.1002/(sici)1096-
9071(199903)57:3<243::aid-jmv6>3.0.co;2-r. PMID: 10022795.

. Cooke GS, Lemoine M, Thursz M, Gore C, Swan T, Kamarulzaman A, DuCros
P, Ford N. Viral hepatitis and the Global Burden of Disease: a heed to regroup.
J Viral Hepat. 2013 Sep;20(9):600-1. doi: 10.1111/jvh.12123. PMID: 23910643.

. SURVEILLANCE REPORT Hepatitis E in the EU/EEA, 2005—-2015 Baseline
assessment of testing, diagnosis, surveillance and epidemiology, ECDC 2017
https://www.ecdc.europa.eu/sites/default/files/documents/HEV Surveillance-
report-2005-2015.pdf

. Purdy MA, Drexler JF, Meng XJ, Norder H, Okamoto H, Van der Poel WHM,
Reuter G, de Souza WM, Ulrich RG, Smith DB. ICTV Virus Taxonomy Profile:
Hepeviridae 2022. J Gen Virol. 2022 Sep;103(9). doi: 10.1099/jgv.0.001778.
PMID: 36170152.

. Smith DB, Simmonds P, Izopet J, Oliveira-Filho EF, Ulrich RG, Johne R, Koenig
M, Jameel S, Harrison TJ, Meng XJ, Okamoto H, Van der Poel WHM, Purdy
MA. Proposed reference sequences for hepatitis E virus subtypes. J Gen Virol.
2016 Mar;97(3):537-542. doi: 10.1099/jgv.0.000393. Epub 2016 Jan 7. PMID:
26743685; PMCID: PMC5588893.

. Lee GH, Tan BH, Teo EC, Lim SG, Dan YY, Wee A, Aw PP, Zhu Y, Hibberd
ML, Tan CK, Purdy MA, Teo CG. Chronic Infection With Camelid Hepatitis E
Virus in a Liver Transplant Recipient Who Regularly Consumes Camel Meat
and Milk. Gastroenterology. 2016 Feb;150(2):355-7.e3. doi: 10.1053

. Rivero-Juarez A, Frias M, Perez AB, Pineda JA, Reina G, Fuentes-Lopez A,
Freyre-Carrillo C, Ramirez-Arellano E, Alados JC, Rivero A; HEPAVIR and
GEHEP-014 Study Groups. Orthohepevirus C infection as an emerging cause
of acute hepatitis in Spain: First report in Europe. J Hepatol. 2022
Aug;77(2):326-331. doi: 10.1016/j.jhep.2022.01.028

10.Sridhar S, Yip CC, Wu S, Chew NF, Leung KH, Chan JF, Zhao PS, Chan WM,

Poon RW, Tsoi HW, Cai JP, Chan HS, Leung AW, Tse CW, Zee JS, Tsang OT,
Cheng VC, Lau SK, Woo PC, Tsang DN, Yuen KY. Transmission of Rat
Hepatitis E Virus Infection to Humans in Hong Kong: A Clinical and
Epidemiological Analysis. Hepatology. 2021 Jan;73(1):10-22. doi:
10.1002/hep.31138. Epub 2020 Oct 12. PMID: 31960460.

20



11.Pallerla SR, Harms D, Johne R, Todt D, Steinmann E, Schemmerer M, Wenzel
JJ, Hofmann J, Wai Kuo Shih J, Wedemeyer H, Bock CT, Velavan TP. Hepatitis
E Virus Infection: Circulation, Molecular Epidemiology, and Impact on Global
Health. Pathogens 2020; 9(10), 856; doi:10.3390/pathogens9100856

12.Yin X, Li X, Feng Z. Role of Envelopment in the HEV Life Cycle. Viruses. 2016
Aug 18;8(8):229. doi: 10.3390/v8080229. PMID: 27548201; PMCID:
PMC4997591.

13.Yin X, Ambardekar C, Lu Y, Feng Z. Distinct Entry Mechanisms for
Nonenveloped and Quasi-Enveloped Hepatitis E Viruses. J Virol. 2016 Mar
28;90(8):4232-4242. doi: 10.1128/JVI1.02804-15. PMID: 26865708; PMCID:
PMC4810531.

14.Behrendt P, Friesland M, Wilmann JE, Kinast V, Stahl Y, Praditya D, Hueffner
L, Nérenberg PM, Bremer B, Maasoumy B, Steinmann J, Becker B, Paulmann
D, Brill FHH, Steinmann J, Ulrich RG, Briiggemann Y, Wedemeyer H, Todt D,
Steinmann E. Hepatitis E virus is highly resistant to alcohol-based disinfectants.
J Hepatol. 2022 May;76(5):1062-1069. doi: 10.1016/j.jhep.2022.01.006. Epub
2022 Jan 24. PMID: 35085595.

15.Johne R, Trojnar E, Filter M, Hofmann J. Thermal Stability of Hepatitis E Virus
as Estimated by a Cell Culture Method. Appl Environ Microbiol. 2016 Jun
30;82(14):4225-4231. doi: 10.1128/AEM.00951-16. PMID: 27208095; PMCID:
PMC4959202.

16.Costafreda MI, Sauleda S, Rico A, Piron M, Bes M. Detection of Nonenveloped
Hepatitis E Virus in Plasma of Infected Blood Donors. J Infect Dis. 2022 Nov
11;226(10):1753-1760. doi: 10.1093/infdis/jiab589. PMID: 34865052.

17.Sayed IM, Vercouter AS, Sayed F Abdelwahab SF, Vercauteren K, Meuleman
P. Is hepatitis E virus an emerging problem in industrialized countries?
Hepatology. 2015 Dec;62(6):1883-92. doi: 10.1002/hep.27990.

18. Denner J. Hepatitis E virus (HEV) — The Future. Viruses. 2019; 11(3), 251.
doi.org/10.3390/v11030251

19.Sayed IM. Dual Infection of Hepatitis A Virus and Hepatitis E Virus— What Is
Known? Viruses. 2023; 15(2), 298; https://doi.org/10.3390/v15020298

20.Dalton HR, Izopet J. Transmission and Epidemiology of Hepatitis E Virus
Genotype 3 and 4 Infections. Cold Spring Harb Perspect Med. 2018 Nov 1;
8(11):a032144. doi: 10.1101/cshperspect.a032144.

21.Igbal H, Mehmood BF, Sohal A, Roytman M. Hepatitis E infection: A review.
World J Virol. 2023 Dec 25;12(5):262-271. doi: 10.5501/wjv.v12.i5.262.

22.Horvatits T, Schulze Zur Wiesch J, Litgehetmann M, Lohse AW, Pischke S.
The Clinical Perspective on Hepatitis E. Viruses 2019 Jul 5;11(7):617. doi:
10.3390/v11070617

23.European Association for the Study of the Liver. EASL Clinical Practice
Guidelines on hepatitis E virus infection. J Hepatol 2018; 68: 1256-1271 [PMID:
29609832 DOI: 10.1016/j.jhep.2018.03.005].

21



24.German Advisory Committee Blood (Arbeitskreis Blut), Subgroup ‘Assessment
of Pathogens Transmissible by Blood'. Hepatitis E Virus. Transfus Med
Hemother 2015; 42(4): 247-265. doi.org/10.1159/000431191

25.Hewitt PE, ljaz S, Brailsford SR, Brett R, Dicks S, Haywood B, Kennedy IT,
Kitchen A, Patel P, Poh J, Russell K, Tettmar KI, Tossell J, Ushiro-Lumb I,
Tedder RS. Hepatitis E virus in blood components: a prevalence and
transmission study in southeast England. Lancet. 2014 Nov 15;384(9956):1766-
73. doi: 10.1016/S0140-6736(14)61034-5. Epub 2014 Jul 28. PMID: 25078306.

26.Laperche S, Maugard C, Lhomme S, Lecam S, Ricard C, Dupont |, Richard P,
Tiberghien P, Abravanel F, Morel P, Izopet J, Gallian P. Seven years (2015-
2021) of blood donor screening for HEV-RNA in France: lessons and
perspectives. Blood Transfus. 2023 Mar;21(2):110-118. doi:
10.2450/2022.0052-22. Epub 2022 Jul 25. PMID: 35969132; PMCID:
PMC10072995.

27.Schlosser B. Schlosser B, Stein A, Neuhaus R, Pahl S, Ramez B, Kruger DH,
Berg T, Hofmann J. Liver transplant from a donor with occult HEV infection
induced chronic hepatitis and cirrhosis in the recipient Journal of Hepatology
2012; 56(2): 500-502. d0i.10.1016/j.jhep.2011.06.021

28.Solignac J, Boschi C, Pernin V, Fouilloux V, Motte A, Aherfi S, Fabre-Aubrespy
M, Legris T, Brunet P, Colson P, Moal V. Virol J. The question of screening
organ donors for hepatitis e virus: a case report of transmission by kidney
transplantation in France and a review of the literature2024 Jun 12;21(1):136.
doi: 10.1186/s12985-024-02401-2.

29.Greco L, Uceda Renteria SC, Guarneri D, Orlandi A, Zoccoli A, Benardon S,
Cusini M, Lunghi G. HEV and HAV seroprevalence in men that have sex with
men (MSM): An update from Milan, Italy. J. Med. Virol. AUG 2018; 90(8): 1323-
1327. DOI10.1002/jmv.25052

30.Behrendt P, Bremer B, Todt D, Brown RJ, Heim A, Manns MP, Steinmann E,
Wedemeyer H. Hepatitis E Virus (HEV) ORF2 Antigen Levels Differentiate
Between Acute and Chronic HEV Infection. J Infect Dis. 2016 Aug 1;214(3):361-
8. doi: 10.1093/infdis/jiw161. Epub 2016 May 27. PMID: 27234418.

31.Plumers R, Dreier J, Knabbe C, Eike Steinmann, Todt D, Vollmer T, Kinetics of
Hepatitis E Virus Infections in Asymptomatic Persons, Emerging Infectious
Diseases; Vol. 30, No. 5, May 2024 [DOI:
https://doi.org/10.3201/eid3005.231764]

32.Cruz S, Campos C, Timoteo M, Travers A, Nascimento MSJ, Medeiros R,
Sousa H, Hepatitis E virus in hematopoietic stem cell transplant recipient: a
systematic review, Bone Marrow Transplant 2022 Feb;57(2):167-175. [doi:
10.1038/s41409-021-01497-2. Epub 2021 Oct 23].

33.Schemmerer M., Rauch C., Jigl W., Wenzel J. J. Time course of hepatitis E-
specific antibodies in adults, J Viral Hepat 2017; 24:75-79

34.Vollmer T, Knabbe C, Dreier J, Comparison of real-time PCR and antigen
assays for detection of hepatitis E virus in blood donors, Journal of Clinical

22



Microbiology, 2014;52 (6) 2150-2156 [DOI: https://doi.org/10.1128/jcm.03578-
13]

35.Behrendt P, Gouttenoire J. Urine: a place where HEV cannot hide! Hepatology.
2023 May 1;77(5):1475-1477. doi: 10.1097/HEP.0000000000000017. Epub
2023 Jan 3. PMID: 36626637

36.Ying, Dong; He, Qiyu; Tian, Weikun; Chen, Yanling; Zhang, Xiaoping; Wang,
Siling; Liu, Chang; Chen, Zihao; Liu, Yu; Fu, Lijuan; Yan, Li; Wang, Ling; Tang,
Zimin; Wang, Lin; Zheng, Zizheng; Xia, Ningshao Urine is a viral antigen
reservoir in hepatitis E virus infection, Hepatology.2022[ doi:
10.1002/hep.32745].

37.McPherson S, Elsharkawy AM, Ankcorn M, ljaz S, Powell J, Rowe I, et al.
Summary of the British Transplantation Society UK Guidelines for Hepatitis E
and Solid Organ Transplantation. Transplantation. 2018;102:15-20.

38.Abravanel F, Lhomme S, Chapuy-Regaud S, mansuy JM, Muscari F, Sallusto
F, Rostaing L, Kamar N, Izopet J, Hepatitis E virus reinfections in solid-organ-
transplant recipients can evolve into chronic infections, J Inf Dise ,
2014;209:1900-6 [DOI:10.1093/infdis/jiu032].

39.Zicker M, Pinho JRR, Welter EAR, Guardia BD, da Silva PGTM, da Silveira LB,
Camargo LFA, The risk of reinfection of primary hepatitis E virus infection at a
liver transplant center in Brazil :an observational cohort study, Viruses 2024, 16,
301. [https://doi.org/10.3390/v16020301].

40.Plimers R, Dreier J, Knabbe C, Gomer A, Steinmann E, Todt D, Vollmer T.
Hepatitis E virus infections in German blood donors: results of 8 years of
screening, 2015 to 2022. Euro Surveill. 2024;29(24):pii=2300665.
https://doi.org/10.2807/1560-7917.ES.2024.29.24.2300665

41.Webb GW, Dalton HR. Hepatitis E: an underestimated emerging threat, Ther
Adv Infect Dis. V.6;1-18; [DOI:10.1177/204993619837162],

42. Stahl Y, Kabar I, Heinzow H, Maasoumy B, Bremer B, Wedemeyer H, et al.
Enhanced monitoring and detection of recent genotype 3 hepatitis E virus
infection through urine antigen testing. Emerg Microbes Infect
2023;12(2):2251598. doi: 10.1080/22221751.2023.2251598.

43.Aslan AT, Balaban HY. Hepatitis E virus: Epidemiology, diagnosis, clinical
manifestations, and treatment. World J Gastroenterol. 2020 Oct 7;26(37):5543-
5560. doi: 10.3748/wjg.v26.i37.5543. PMID: 33071523; PMCID: PMC7545399.

44.Kamar N, Rostaing L, Legrand-Abravanel F, 1zopet J. How should hepatitis E
virus infection be defined in organ-transplant recipients? Am J Transplant. 2013
Jul;13(7):1935-6. doi: 10.1111/ajt.12253. Epub 2013 May 9. PMID: 23659713.

45.Haagsma EB, Riezebos-Brilman A, van den Berg AP, Porte RJ, Niesters HG.
Treatment of chronic hepatitis E in liver transplant recipients with pegylated
interferon alpha-2b. Liver Transpl. 2010 Apr;16(4):474-7. doi: 10.1002/It.22014.
PMID: 20373458.

46.Kamar N, Rostaing L, Abravanel F, Garrouste C, Lhomme S, Esposito L, Basse
G, Cointault O, Ribes D, Nogier MB, Alric L, Peron JM, Izopet J. Ribavirin

23



therapy inhibits viral replication on patients with chronic hepatitis e virus
infection. Gastroenterology. 2010 Nov;139(5):1612-8. doi:
10.1053/j.gastro.2010.08.002. Epub 2010 Aug 11. PMID: 20708006.

47.Baylis SA, Bliumel J, Mizusawa S, Matsubayashi K, Sakata H, Okada Y, Nubling
CM, Hanschmann KM; HEV Collaborative Study Group. World Health
Organization International Standard to harmonize assays for detection of
hepatitis E virus RNA. Emerg Infect Dis. 2013 May;19(5):729-35. doi:
10.3201/eid1905.121845. PMID: 23647659; PMCID: PMC3647515.

48.Fares-Gusmao R, Jiang Z, Subramaniam S, Visser BJ, Scott A, Ishida Y, Saito
T, Baylis SA, McGivern DR; HEV Standard Calibration Study Group.
Development and characterization of secondary standards for nucleic acid
amplification technology (NAAT) assays for detection of hepatitis E virus. J Clin
Virol. 2022 Dec;157:105325. doi: 10.1016/j.jcv.2022.105325. Epub 2022 Nov 8.
PMID: 36395548; PMCID: PMC9714074.

49.Abravanel F, Chapuy-Regaud S, Lhomme S, Dubois M, Peron JM, Alric L,
Rostaing L, Kamar N, 1zopet J. Performance of two commercial assays for
detecting hepatitis E virus RNA in acute or chronic infections. J Clin Microbiol.
2013 Jun;51(6):1913-6. doi: 10.1128/JCM.00661-13. Epub 2013 Mar 20. PMID:
23515544; PMCID: PMC3716096.

50.Baylis SA, Hanschmann KO, Matsubayashi K, Sakata H, Roque-Afonso AM,
Kaiser M, Corman VM, Kamili S, Aggarwal R, Trehanpati N, Gartner T,
Thomson EC, Davis CA, da Silva Filipe A, Abdelrahman TT, Blumel J, Terao E;
HEV collaborative study group. Development of a World Health Organization
International Reference Panel for different genotypes of hepatitis E virus for
nucleic acid amplification testing. J Clin Virol. 2019 Oct;119:60-67. doi:
10.1016/}.jcv.2019.05.006. Epub 2019 May 14. PMID: 31431408.

51.Avellon A, Morago L, Garcia-Galera del Carmen M, Munoz M, Echevarria JM.
Comparative sensitivity of commercial tests for hepatitis E genotype 3 virus
antibody detection. J Med Virol. 2015 Nov;87(11):1934-9. doi:
10.1002/jmv.24251. Epub 2015 May 29. PMID: 25959136.

52.Pas SD, Streefkerk RH, Pronk M, de Man RA, Beersma MF, Osterhaus AD, van
der Eijk AA. Diagnostic performance of selected commercial HEV IgM and IgG
ELISAs for immunocompromised and immunocompetent patients. J Clin Virol.
2013 Dec;58(4):629-34. doi: 10.1016/j.jcv.2013.10.010. Epub 2013 Oct 17.
PMID: 24210958.

53.Bendall R, Ellis V, ljaz S, Ali R, Dalton H. A comparison of two commercially
available anti-HEV IgG kits and a re-evaluation of anti-HEV IgG seroprevalence
data in developed countries. J Med Virol. 2010 May;82(5):799-805. doi:
10.1002/jmv.21656. PMID: 20336757.

54.Zhang Q, Zong X, Li D, Lin J, Li L. Performance Evaluation of Different
Commercial Serological Kits for Diagnosis of Acute Hepatitis E Viral Infection.
Pol J Microbiol. 2020 Sep;69(2):217-222. doi: 10.33073/pjm-2020-025. Epub
2020 Jun 4. PMID: 32548990; PMCID: PMC7324857.

24



55.Chionne P, Madonna E, Pisani G, Taffon S, La Rosa G, Candido A, Dettori S,
Tritarelli E, Equestre M, Bruni R, Ciccaglione AR. Evaluation of rapid tests for
diagnosis of acute hepatitis E. J Clin Virol. 2016 May;78:4-8. doi:
10.1016/j.jcv.2016.02.005. Epub 2016 Feb 11. PMID: 26930580.

56.Rivero-Juarez A, Lopez-Lopez P, Pineda JA, Alados JC, Fuentes-Lopez A,
Ramirez-Arellano E, Freyre C, Perez AB, Frias M, Rivero A. Limited Value of
Single Sampling for IgM Antibody Determination as a Diagnostic Approach for
Acute Hepatitis E Virus Infection. Microbiol Spectr. 2021 Sep 3;9(1):e0038221.
doi: 10.1128/Spectrum.00382-21. Epub 2021 Jul 7. PMID: 34232097; PMCID:
PMC8552658.

57.Anastasiou OE, Thodou V, Berger A, Wedemeyer H, Ciesek S. Comprehensive
Evaluation of Hepatitis E Serology and Molecular Testing in a Large Cohort.
Pathogens. 2020 Feb 19;9(2):137. doi: 10.3390/pathogens9020137. PMID:
32093070; PMCID: PMC7168254.

58.Hyams C, Mabayoje DA, Copping R, Maranao D, Patel M, Labbett W, Haque T,
Webster DP. Serological cross reactivity to CMV and EBV causes problems in
the diagnosis of acute hepatitis E virus infection. J Med Virol. 2014
Mar;86(3):478-83. doi: 10.1002/jmv.23827. Epub 2013 Nov 8. PMID: 24402843.

59.Eichhorn A, Neumann F, Baumler C, Gutsmann |, Grobe O, Schluter F, Muller
S, Krumbholz A. Assessment of the Diagnostic Performance of Fully Automated
Hepatitis E Virus (HEV) Antibody Tests. Diagnostics (Basel). 2024 Mar
12;14(6):602. doi: 10.3390/diagnostics14060602. PMID: 38535023; PMCID:
PMC10969403.

60.Riveiro-Barciela M, Rando-Segura A, Barreira-Diaz A, Bes M, P Ruzo S, Piron
M, Quer J, Sauleda S, Rodriguez-Frias F, Esteban R, Buti M. Unexpected long-
lasting anti-HEV IgM positivity: Is HEV antigen a better serological marker for
hepatitis E infection diagnosis? J Viral Hepat. 2020 Jul;27(7):747-753. doi:
10.1111/jvh.13285. Epub 2020 Mar 11. PMID: 32106351.

61.Trémeaux P, Lhomme S, Chapuy-Regaud S, Peron JM, Alric L, Kamar N,
Izopet J, Abravanel F. Performance of an antigen assay for diagnosing acute
hepatitis E virus genotype 3 infection. J Clin Virol. 2016 Jun;79:1-5. doi:
10.1016/}.jcv.2016.03.019. Epub 2016 Mar 23. PMID: 27038538.

62.Gupta E, Pandey P, Pandey S, Sharma MK, Sarin SK. Role of hepatitis E virus
antigen in confirming active viral replication in patients with acute viral hepatitis
E infection. J Clin Virol. 2013 Oct;58(2):374-7. doi: 10.1016/j.jcv.2013.07.019.
Epub 2013 Aug 9. PMID: 23965185.

63.Zhang H, Rao H, Wang Y, Wang J, Kong X, Ji Y, Zhu L, Liu Y, Fang J, Yang M,
Luo B, Wang Z, Shi Y, Wang Y, Wang H, Zhao J, Wei L. Evaluation of an
antigen assay for diagnosing acute and chronic hepatitis E genotype 4 infection.
J Gastroenterol Hepatol. 2019 Feb;34(2):458-465. doi: 10.1111/jgh.14405.
Epub 2018 Aug 27. PMID: 30069920.

64.Montpellier C, Wychowski C, Sayed IM, Meunier JC, Saliou JM, Ankavay M,
Bull A, Pillez A, Abravanel F, Helle F, Brochot E, Drobecq H, Farhat R, Aliouat-
Denis CM, Haddad JG, Izopet J, Meuleman P, Goffard A, Dubuisson J,

25



Cocquerel L. Hepatitis E Virus Lifecycle and ldentification of 3 Forms of the
ORF2 Capsid Protein. Gastroenterology. 2018 Jan;154(1):211-223.e8. doi:
10.1053/j.gastro.2017.09.020. Epub 2017 Sep 25. PMID: 28958858.

65.Gu T, Zheng CY, Deng YQ, Yang XF, Bao WM, Tang YM. Systematic
Evaluation of Guidelines for the Diagnosis and Treatment of Hepatitis E Virus
Infection. J Clin Transl Hepatol. 2024 Aug 28;12(8):739-749. doi:
10.14218/JCTH.2023.00508. Epub 2024 Jun 28. PMID: 39130619; PMCID:
PMC11310757.

66.Bigoraj E, Paszkiewicz W, Rzezutka A. Porcine Blood and Liver as Sporadic
Sources of Hepatitis E Virus (HEV) in the Production Chain of Offal-Derived
Foodstuffs in Poland. Food Environ Virol. 2021 Sep;13(3):347-356. doi:
10.1007/s12560-021-09475-z. Epub 2021 Apr 23. PMID: 33891305; PMCID:
PMC8379118.

67.Dorn-In S, Schwaiger K, Twaruzek M, Grajewski J, Gottschalk C, Gareis M.
Hepatitis E Virus in Wild Boar in Northwest Poland: Sensitivity of Methods of
Detection. Foodborne Pathog Dis. 2017 Feb;14(2):103-108. doi:
10.1089/fpd.2016.2194. Epub 2016 Nov 28. PMID: 27893287.

68.Maunula L, Kaupke A, Vasickova P, Sdderberg K, Kozyra I, Lazic S, van der
Poel WH, Bouwknegt M, Rutjes S, Willems KA, Moloney R, D'Agostino M, de
Roda Husman AM, von Bonsdorff CH, Rzezutka A, Pavlik |, Petrovic T, Cook N.
Tracing enteric viruses in the European berry fruit supply chain. Int J Food
Microbiol. 2013 Oct 15;167(2):177-85. doi: 10.1016/j.ijjfoodmicro.2013.09.003.
Epub 2013 Sep 12. PMID: 24135674,

69.Kokkinos P, Kozyra |, Lazic S, Bouwknegt M, Rutjes S, Willems K, Moloney R,
de Roda Husman AM, Kaupke A, Legaki E, D'Agostino M, Cook N, Rzezutka A,
Petrovic T, Vantarakis A. Harmonised investigation of the occurrence of human
enteric viruses in the leafy green vegetable supply chain in three European
countries. Food Environ Virol. 2012 Dec;4(4):179-91. doi: 10.1007/s12560-012-
9087-8. Epub 2012 Sep 21. PMID: 23412890.

70.Grabarczyk P, Sulkowska E, Gdowska J, Kopacz A, Liszewski G, Kubicka-
Russel D, Baylis SA, Corman VM, Nocen E, Piotrowski D, Antoniewicz-Papis J,
tetowska M. Molecular and serological infection marker screening in blood
donors indicates high endemicity of hepatitis E virus in Poland. Transfusion.
2018 May;58(5):1245-1253. doi: 10.1111/trf.14531. Epub 2018 Mar 1. PMID:
29492976.

71.0Obwieszczenie Ministra Zdrowia z dnia 30 marca 2021 r. w sprawie wymagan
dobrej praktyki pobierania krwi i jej sktadnikow, badania, preparatyki,
przechowywania, wydawania i transportu dla jednostek organizacyjnych
publicznej stuzby krwi

72.Parfieniuk-Kowerda A, Jaroszewicz J, Lapinski TW, tucejko M, Maciaszek M,
Swiderska M, Grzeszczuk A, Naumnik B, Rowinski M, Flisiak R. High
prevalence of anti-HEV antibodies among patients with immunosuppression
and hepatic disorders in eastern Poland. Arch Med Sci. 2021 Dec 5;17(3):675-
681. doi: 10.5114/a0ms.2018.79958. PMID: 34025837; PMCID: PMC8130492.

26



73.Bura M, Lagiedo-ZeIazowska M, Michalak M, Mozer-Lisewska I,
Grzegorzewska AE. Exposure to hepatitis E virus in hemodialysis patients from
west-central Poland. J Med Virol. 2020 Aug;92(8):1363-1368. doi:
10.1002/jmv.25696. Epub 2020 Feb 10. PMID: 32017168.

74.Kalinska A, Sledz J, Hataburda K, Nasitowska-Adamska B, Ceglarek B, Dalton
H, Jaroszewicz J, Grabarczyk P. Hepatitis E virus markers in hematological
patients in highly endemic country, Acta Haematologica Polonica 2024,3,
55:180-184.

75.Kozyra |, Bigoraj E, Jabtonski A, Politi K, Rzezutka A. Genetic Diversity and
Epidemiological Significance of Wild Boar HEV-3 Strains Circulating in Poland.
Viruses. 2021 Jun 19;13(6):1176. doi: 10.3390/v13061176. PMID: 34205456;
PMCID: PMC8235543.

76.De Sabato L, laniro G, Alborali GL, Kroneman A, Grierson SS, | wsp. Molecular
characterisation and phylogenetic analysis of hepatitis E virus (HEV) strains
from pigs farmed in eight European countries between 2020 and 2022.
Transboundary and Emerging Diseases 2023: 2806835.

77.Sadkowska-Todys M, Baumann-Popczyk A, Wnukowska N, Popczyk B,
Kucharczyk B, Gotgb E. Wystepowanie i rozpowszechnienie wybranych
czynnikdéw zoonotycznych: Echinococcus multilocularis, Trichinella spiralis oraz
wirusa zapalenia watroby typu E (HEV) w populacji polskich mysliwych - wyniki
badan przeprowadzonych w latach 2010-2012 Przeglad Epidemiologiczny
2015; 69(4):823 — 827

78.Baumann-Popczyk A, Popczyk B, Gotgb E, Rozej-Bielicka W, Sadkowska-
Todys M. A cross-sectional study among Polish hunters: seroprevalence of
hepatitis E and the analysis of factors contributing to HEV infections. Med
Microbiol Immunol. 2017 Oct;206(5):367-378. doi: 10.1007/s00430-017-0515-0.
Epub 2017 Aug 3. PMID: 28776194; PMCID: PMC5599476.

79.Korzeniewski K, Osinska J, Korsak J, Konior M. Hepatitis E virus
seroprevalence in Polish soldiers serving in harsh environmental conditions. Int
Marit Health. 2018;69(2):137-141. doi: 10.5603/IMH.2018.0020. PMID:
29939391.

80.Janik MK, Kempinska-Podhorodecka A, Raszeja-Wyszomirska J, Krawczyk M,
Milkiewicz M, Milkiewicz P. Previous hepatitis E virus infection is associated
with increased liver stiffness in patients with autoimmune hepatitis. Pol Arch
Intern Med. 2024 May 28;134(5):16733. doi: 10.20452/pamw.16733. Epub 2024
Apr 23. PMID: 38655875.

81.Jaroszewicz J, Rogalska M, Kalinowska A, Wierzbicka |, Parfieniuk A, Flisiak R.
Czesto$¢ wystepowania przeciwciat przeciw wirusowi zapalenia watroby typu E
ws$rod Hindusow studiujgcych w Biatymstoku [Prevalence of antibodies against
hepatitis E virus among students from India living in Bialystok,Poland] Przeglad
Epidemiologiczny 2008; 62(2):433-438.

82.Bura M, Bukowska A, Michalak M, Bura A, Nawrocki MJ, Karczewski M, Mozer-
Lisewska |. Exposure to hepatitis E virus, hepatitis A virus and Borrelia spp.
infections in forest rangers from a single forest district in western Poland. Adv

27



Clin Exp Med. 2018 Mar;27(3):351-355. doi: 10.17219/acem/65787. PMID:
29533542.

83.Larska M, Krzysiak MK, Jabtonski A, Kesik J, Bednarski M, Rola J. Hepatitis E
virus antibody prevalence in wildlife in Poland. Zoonoses Public Health. 2015
Mar;62(2):105-10. doi: 10.1111/zph.12113. Epub 2014 Mar 21. PMID:
24655475.

84.Weiner M, Tokarska-Rodak M, Plewik D, Panczuk A, Szepeluk A, Krajewska M
J. Preliminary study on the detection of hepatitis E virus (HEV) antibodies in
pigs and wild boars in Poland. Vet Res 2016, 60: 385-9.

85.Bura M, Bukowska A, Bura A, Michalak M, Mozer-Lisewska |. Hepatitis E virus
antibodies in HIV-infected patients and blood donors from western Poland: A
preliminary report. Adv Clin Exp Med. 2017 Jul;26(4):577-579. doi:
10.17219/acem/62353. PMID: 28691422.

86.Bura M, Lagiedo-Zelazowska M, Michalak M, Sikora J, Mozer-Lisewska .
Comparative Seroprevalence of Hepatitis A And E Viruses in Blood Donors
from Wielkopolska Region, West-Central Poland. Pol J Microbiol. 2018 Mar
9;67(1):113-115. doi: 10.5604/01.3001.0011.6151. PMID: 30015433.

87.Bura M, Lagiedo M, Michalak M, Sikora J, Mozer-Lisewska |. Hepatitis E virus
IgG seroprevalence in HIV patients and blood donors, west-central Poland. Int J
Infect Dis. 2017 Aug;61:20-22. doi: 10.1016/j.ijid.2017.05.014. Epub 2017 May
30. PMID: 28576599.

88.Bura M, Michalak M, Lagiedo-ZeIazowska M, Bukowska A, Bura A, Mozer-
Lisewska |. HEV seroprevalence can significantly change after re-assessment.
J Med Virol. 2018 May;90(5):783-785. doi: 10.1002/jmv.25039. Epub 2018 Feb
19. PMID: 29388686.

89.Bura M, Michalak M, Chojnicki M, Czajka A, Kowala-Piaskowska A, Mozer-
Lisewska I. Obecnos¢ przeciwciat anty-HEV 1gG u 182 polskich pacjentéw
Postepy Hig Med Dosw 2015; 69 : 320-326 Opublikowany: 2015-03-08 DOI:
10.5604/17322693.1143051 GICID: 01.3001.0009.6506

90.Lapa D, Capobianchi MR, Garbuglia AR. Epidemiology of Hepatitis E Virus in
European Countries. Int J Mol Sci. 2015 Oct 27;16(10):25711-43. doi:
10.3390/ijms161025711. PMID: 26516843; PMCID: PMC4632823.

91.Wilhelm B, Waddell L, Greig J, Young |. Systematic review and meta-analysis of
the seroprevalence of hepatitis E virus in the general population across non-
endemic countries. PLoS One. 2019 Jun 7;14(6):e0216826. doi:
10.1371/journal.pone.0216826. PMID: 31173594; PMCID: PMC6555507.

92.Cheung CKM, Wong SH, Law AWH, Law MF. Transfusion-transmitted hepatitis
E: What we know so far? World J Gastroenterol. 2022 Jan 7;28(1):47-75. doi:
10.3748/wjg.v28.i1.47. PMID: 35125819; PMCID: PMC8793017.

93.Mirzaev UK, Ouoba S, Ko K, Phyo Z, Chhoung C, Ataa AG, Sugiyama A, Akita
T, Tanaka J. Systematic review and meta-analysis of hepatitis E
seroprevalence in Southeast Asia: a comprehensive assessment of

28



epidemiological patterns. BMC Infect Dis. 2024 May 24;24(1):525. doi:
10.1186/s12879-024-09349-2. PMID: 38789918; PMCID: PMC11127338.

94. Shrestha AC, Flower RL, Seed CR, Rajkarnikar M, Shrestha SK, Thapa U,
Hoad VC, Faddy HM. Hepatitis E virus seroepidemiology: a post-earthquake
study among blood donors in Nepal. BMC Infect Dis. 2016 Nov 25;16(1):707.
doi: 10.1186/s12879-016-2043-8. PMID: 27887586; PMCID: PMC5124235.

95.Mansuy JM, Saune K, Rech H, Abravanel F, Mengelle C, L Homme S, Destruel
F, Kamar N, Izopet J. Seroprevalence in blood donors reveals widespread,
multi-source exposure to hepatitis E virus, southern France, October 2011. Euro
Surveill. 2015 May 14;20(19):27-34. PMID: 25990359.

96.Spada E, Simeoni M, Martina A, Pati |, Villano U, Adriani D, D'Angio A, Tritarelli
E, Taffon S, Bellino S, Boros S, Urciuoli R, Masiello F, Marano G, Bruni R,
Pezzotti P, Ciccaglione AR, Pupella S, De Angelis V, Pisani G. Prevalence and
risk factors for hepatitis E virus infection in blood donors: a nationwide survey in
Italy, 2017 to 2019. Euro Surveill. 2022 Jun;27(22):2100516. doi: 10.2807/1560-
7917.ES.2022.27.22.2100516. PMID: 35656832; PMCID: PMC9164674.

97.Capai L, Hozé N, Chiaroni J, Gross S, Djoudi R, Charrel R, Izopet J, Bosseur F,
Priet S, Cauchemez S, de Lamballerie X, Falchi A, Gallian P. Seroprevalence of
hepatitis E virus among blood donors on Corsica, France, 2017. Euro Surveill.
2020 Feb;25(5):1900336. doi: 10.2807/1560-7917.ES.2020.25.5.1900336.
PMID: 32046820; PMCID: PMC7014670.

98.Katiyar H, Goel A, Sonker A, Yadav V, Sapun S, Chaudhary R, Aggarwal R.
Prevalence of hepatitis E virus viremia and antibodies among healthy blood
donors in India. Indian J Gastroenterol. 2018 Jul;37(4):342-346. doi:
10.1007/s12664-018-0880-7. Epub 2018 Aug 29. PMID: 30159666.

99.Dalton J. Ocena sytuacji epidemiologicznej HEV w Polsce. VIII Konferencja
Polskiego Towarzystwa Hepatologicznego, Mikofajki, 6-8 czerwca 2019 r.

100. Polska w liczbach 2022, GUS, Warszawa 2023

101. Adlhoch C, Mandakova Z, Ethelberg S, Epstein J, Rimhanen-Finne R,
Figoni J, Baylis SA, Faber M, Mellou K, Murphy N, O'Gorman J, Tosti ME,
Ciccaglione AR, Hofhuis A, Zaaijer H, Lange H, de Sousa R, Avellén A,
Sundgvist L, Said B, ljaz S. Standardising surveillance of hepatitis E virus
infection in the EU/EEA: A review of national practices and suggestions for the
way forward. J Clin Virol. 2019 Nov;120:63-67. doi: 10.1016/j.jcv.2019.09.005.
Epub 2019 Sep 19. PMID: 31590112; PMCID: PMC6899520.

102. Zaktad Epidemiologii Chorob Zakaznych i Nadzoru NIZP PZH - PIB
Departament Przeciwepidemiczny i Ochrony Sanitarnej Granic GIS
Zachorowania na wybrane choroby zakazne w Polsce od 1 stycznia do 31
grudnia 2023 r. oraz w poréwnywalnym okresie 2022 r.
https://wwwold.pzh.gov.pl/oldpage/epimeld/2023/INF_23 12B.pdf

103. O'Gorman J, Burke A, O'Flaherty N. Hepatitis E virus - key points for the
clinical haematologist. Br J Haematol. 2018 Jun;181(5):579-589. doi:
10.1111/bjh.15133.

29



104. Kamar N, Selves J, Mansuy JM, Ouezzani L, Peron JM, Guitard J, et al.
Hepatitis E virus and chronic hepatitis in organ-transplant recipients. N Engl J
Med 2008;358:811-817.

105. Kamar N, Garrouste C, Haagsma EB, Garrigue V, Pischke S, Chauvet C,
et al. Factors associated with chronic hepatitis in patients with hepatitis E virus
infection who have received solid organ transplants. Gastroenterology
2011;140:1481-1489.

106. Huang X, Lu J, Liao M, Huang Y, Wu T, Xia N. Progress and Challenges
to Hepatitis E Vaccine Development and Deployment. Vaccines (Basel). 2024
Jun 28;12(7):719. doi: 10.3390/vaccines12070719.

30



excrement

hepatitis E virus (HEV) — genotype 3

. watering

waste water

MSM

e

excrement/ . &
waste water _ vettical
N e . o transmission (?)
blood transfusio
transplantation

B

= =




Table I. Diagnostic tests and their application [based on 30, 42]

Test Phase of Aplication in patients Material for testing
(method) infection immunocompetent with immunodeficiency
IgM anti-HEV acute diagnostics# support in phase serum
(ELISA or rapid test) determination, however
application limited (results
has to be interpreted with
caution)*
IgG anti-HEV acute, diagnostics support in phase serum
(ELISA or rapid test) persistent, determination, however
past application limited (results
has to be interpreted with
caution)*
HEV RNA acute, diagnostics diagnostics plasma, serum,
persistent feces
monitoring of response for monitoring of response for plasma, serum,
treatment treatment feces
HEV-Ag acute, differential diagnosis diagnostics**, if HEV RNA serum, feces, urine”®
(ELISA) persistent - acute (lower level) not available

- persistent (higher level)

# should not be based solely on the anti-HEV IgM test, ~Current studies on effectiveness of urine tests mainly concern immunocompetent individuals [42], *
there is a significant risk of atypical seroconversion and negative/delayed reactive results despite infection, **significance and interpretation of HEV-Ag in
patients with immunodeficiency still under investigation

HEV RNA is also applied for donors (both blood and transplant) screening. All presented methods could be used for population screening



Table II. Detection of markers of active HEV infection (RNA or Ag) in Poland

Period of Area Available References Method (format) Number (frequency) of
research (tested group) demographic donations
data .
tested reactive/
confirmed
2012-14 north-west not applicable Dorn-In S. et al. Foodborne  RNA, nested RT-PCR (IDT)
Poland Pathog Dis. 2017 [67]
wild boars 163 42 (25.8%)
(blood)
2018-19 central and not applicable Bigoraj E. et al., Food
eastern Environ Virol. 2021 [66] RNA, rt-PCR (MP)
Poland
pigs 146 5 (3.4%)
2015 Poland random donors, Grabarczyk P. et al.
blood donors ~60%>40 years old, Transfusion 2018 [70] RNA, TMA (IDT) 12,664 6
~70% males (0.047%;
1:2,109)
2018-19 Greater as above Bukowska A. RNA, TMA (MP16), rt-PCR
Poland (RCKIK Poznan) (MP24) 38,716 10*
blood donors (0.026%;
1:3,872)
V-VIII. Mazovia as above Gdowska J.
2024 blood donors (RCKiK Warszawa) RNA, TMA (IDT) 51,782 35 (0.1%,
1:1,438)
2013-16 Podlasie
with liver Age: mean 50.35; range Parfieniuk-Kowerda A. et ELISA Ag
cirrhosis, 21-80 years; 63.56% al. Arch Med Sci. 2021 [72] 180 3 (1.7%)
after males
transplantation, 180 5 (2.8%)



2015-18

2019-23

with HIV

Greater
Poland
hemodialysed

Mazovia
hematological

after allo-HSCT

Age: median 65.6;
57.1% males

Age: median 62, mean
59, range 8-89 years;
56.8% males

Age: median 49, mean
49, range 18-71 years;
52.34% males

Bura M. et al. J Med Virol.

2020 [73]

Kalinska A. et al. Acta
Haematologica Polonica
2024 [74]

ELISA Wantai HEV-Ag ELISA
Plus

RNA, rt-PCR
ELISA Ag

RNA, rt-PCR
ELISA Ag

90

189

148

166

0 (0%)

0%

0 (0%)
0 (0%)

0 (0%)
0 (0%)




Table Ill. Detection of serological markers of the acute HEV infection (anti-HEV IgM) in Poland

o Available Method of INumber (%) of samples|
eriod of Area .
research demographic References
tested group data screening confirmatory testing  tested positive
A.
2015 Poland Age: 50 donors Grabarczyk P. etal. Wantai HEV-IgM ELISA recomLine HEV
blood donors from each group 18- Transfusion 2018 IgM/IgG 3,079 39 (0.8%)
27, 28-37, 38-47, [70] immunoblot
48-57, >57 years; test, Mikrogen
~70% males
before Greater Age: mean+SD Bura M. et al. Adv Anti-Hepatitis E Virus
2018 Poland 44.1+6,5, range 29- Clin Exp Med. 2018  ELISA [IgM], Euroimmun no 90 0 (0%)
blood donors 58, median 43.5 [82]
2020 Mazovia IHTM data Rapid Test for IgM Wantai HEV-
blood donors Antibody to Hepatitis E IgM ELISA 650 3 (0.5%)
(Colloidal Gold Device),
Wantai
B.
before Bialystok Age: mean Jaroszewicz J. etal. DI.PRO, Diagnostics
2008 Indian students 24.4+0.56, range Przeglad Bioprobes Sri. no 45 7 (15.6%)
18-48; n=45 males  Epidemiologiczny
2008 [81]
2010-12 Poland No data Sadkowska-Todys recomWell HEV IgM, recomLine HEV
hunters M. Przeglad Mikrogen IgM/1gG 1,027 3 (0.3%)
Epidmiologiczny immunoblot
2015 [77] test, Mikrogen
2010-12 Poland Age: 38-312 person Baumann-Popczyk recomWell HEV IgM, recomLine HEV
hunters per each age group A. et al. Med Mikrogen IgM/IgG 1,021 5 (0.5%)



(<30, 31-40, 41-50,
51-60, 61-70, >71);
97.7% males

Microbiol Immunol.
2017 [78]

immunoblot
test, Mikrogen

2016 Poland Age: range 26-57 Korzeniewski K. et Anti-Hepatitis E Virus recomLine HEV
soldiers years; 93.7% males al. Int Marit Health. ELISA [IgM], Euroimmun IgM/1gG 253 2 (0.8%)
2018 [79] immunoblot
test, Mikrogen
before Greater Age: mean 45+9.6; Bura M. et al Adv Anti-Hepatitis E Virus MP
2018 Poland median 44.5 years; Clin Exp Med. 2018  ELISA [IgM] Euroimmun Diagnostocs
foresters 70.8% males [82] ASSURE HEV 48 1(2.1%)
IgM Rapid Test
C.
2013-16 Podlasie Age: mean 50.35, Parfieniuk-Kowerda  Wantai HEV-IgM ELISA no
with liver range 21-80 years; A. etal. Arch Med
cirrhosis, 63.56% males Sci. 2021 [72] 180 9 (5%)
after
transplantation, 180 2 (1.1%)
with HIV 90 1 (1.1%)
2015-18 Greater Age: median 65.6 Bura M. etal. J Med Wantai HEV-IgM ELISA
Poland years; 57.1% males Virol. 2020 [73] no
hemodialysed 189 0%
2015-19 Mazovia Age: median 34, Janik M.K. et al. Pol  Anti-Hepatitis E Virus no
with AlH range 18-83 years;  Arch Intern Med. ELISA [IgM] Euroimmun 379 5 (1.3%)
68% females 2024 [80]
2021-23 Mazovia Age: median 62, Kalinska A. et al. Wantai HEV-IgM ELISA
hematological mean 59, range 8-  Acta Haematologica no 148 0 (0%)

89 years; 56.8%
males

Polonica 2024 [74]

*total in 4 (8,9%); ** verification of part of the reactive samples in the IgG ELISA test; “autoimmune hepatitis; # after excluding IgM positive patients



Table IV. Detection of serological markers of past HEV infection (anti-HEV IgG) in Poland

Period of Aren Available Method of Numer of (%) samples
research et G demographic References
(tested group e screening confirmatory  tested positive
Animals population
2012-13 Poland not applicable
wild boars Larska M. et al. ID Screen Hepatitis E multi no 261 116 (44.4%)
deer Zoonoses Public species indirect ELISA 118 0%
roe deer Health. 2015 [83] (ID.vet, France) 38 0%
bison 68 0%
chamois 4 0%
bear 1 0%
2012-14 north-west Poland  not applicable Dorn-In S. et al.
wild boars (blood) Foodborne Pathog 163 28 (17.2%)
Dis. 2017 [67]
2014-15 Poland not applicable Weiner M. et al. PrioCHECK HEV Ab
wild boards Vet Res 2016 [84]  porcine (Prionics, no 290 90 (31%)
pigs Switzerland) 143 63 (44.1%)
Healthy people population
2015 Poland Age: 50 donors  Grabarczyk P. et Wantai HEV-IgM ELISA
blood donors from each group: al. Transfusion. no 3,079 1340
18-27, 29-37, 38- 2018 [70] (43.5%)
47, 48-57, >57;
~70% males
2015 Greater Poland Age: mean Bura M. et al. Adv  Anti-Hepatitis E Virus
blood donors 37.7+£7.7,range  Clin Exp Med. ELISA [Ig] Euroimmun no 105 4 (3.8%)
18-55 years; 2017 [85]

84.4% males



2015

2015-16

before

2018

2010-12

2010-12

2014

2016

Greater Poland
blood donors

Greater Poland
blood donors

Greater Poland
blood donors

Poland
hunters

Poland
hunters

Greater Poland
foresters

Poland
soldiers

Age: mean
38.4+7.7,
median 40 years;
68.3% males

no data on age,
65.5% males

Age range: 18-
55 years

no data

Age: 38-312
person per each
age group (>30,
31-40, 41-50, 51-
60, 61-70, >71);
97.7% males

Age: mean
45+9.6, range
29-65 years,
median 4.5

Age range 26-
57; 93.7% males

Bura M. et al. Pol
J Microbiol. 2018
(86]

Bura M. et al. IntJ
Infect Dis. 2017
[87]

Bura M. et al. J
Med Virol. 2018
(88]

Sadkowska-Todys
M. et al. Przeglad

Epidemiologiczny

2015 [77]

Baumann-
Popczyk A. et al.
Med Microbiol
Immunol. 2017
(78]

Bura M. et al. Adv
Clin Exp Med.
2018 [82]

Korzeniewski K. et
al. Int Marit
Health. 2018 [79]

Wantai HEV-IgG ELISA

Wantai HEV-IgG ELISA

Anti-Hepatitis E Virus
ELISA [Ig] Euroimmun
- cutof 22.2 IU/mL

- cut of 20.8 IU/mL
Wantai HEV-IgG ELISA

recomWell HEV IgG
(Mikrogen)

recomWell HEV IgG
(Mikrogen)

Anti-Hepatitis E Virus
ELISA [lg] Euroimmun

Anti-Hepatitis E Virus
ELISA [lg] Euroimmun

no

no

no

recomLine HEV
IgM/IgG
immunoblot test
(Mikrogen)**

no

no

recomLine HEV
IgM/IgG
immunoblot test
(Mikrogen)**

110

246

153

1,027

1,021

48

253

67 (60.9%)

122 (49.6%)

7 (4.6%)
35 (22.9%)
86 (56.2%)

206 (25%)

227 (22.2%)

0 (0%)

16 (6.3%)

Patients population



2013

2013-16

2015

2015-16

2015-18

2015-19

2021-23

Greater Poland
from the Infectious
Diseases Clinic

Podlasie

with liver cirrhosis,
after transplantation,
with HIV

Greater Poland
with HIV

Greater Poland
with HIV

Greater Poland
hemodialysed

Mazovia
with AIHA

Mazovia
hematological

Age: mean
47.2+14.2, range
19-85 years,
55.5% males

Age: mean
50.35; range 21-
80; 63.56%
males

Age: mean
37.7+7.7; range
18-55 years;
84,8% males

Age: range 18-
55; 84% males

Age: median
(Q1-Q3) 65.6
(55.6-74.2);

57.1% males

Age: median
(IQR): 34 (18-83)

Age: median 62,
mean 59; 56.8%
males
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ElA-gen HEV IgG kit
(Adaltis)

Wantai HEV-IgG ELISA

Anti-Hepatitis E Virus
ELISA [Ig] Euroimmun

Wantai HEV-IgG ELISA

Wantai HEV-IgG ELISA

Anti-Hepatitis E Virus
ELISA [IgM] Euroimmun

Wantai HEV-IgM ELISA

no

no

no

no

no

no

no

178

180
180
90

105

244

189

374#

148

29 (16.3%)

87 (48.3%)
73 (40.6%)
34 (37.7%)

1 (0.95%)

124 (50.8%)

94 (49.7%)

55 (14.7%)

66 (44.6%)

*total in 4 (8,9%)
** yerification of part of the reactive samples in the IgG ELISA test
ANautoimmune hepatitis

# after excluding IgM positive patients



Table V. Clinical symptoms of HEV infection [based on: 21, 23, 103]

Cathegory of Clinical symptoms
clinical
manifestation

hepatic s increased ALT activity (including suspected DILI)
* hepatitis
hematologic * severe thrombocytopenia

+ autoimmune hemolytic anemia

* nonimmune hemolytic anemia in G6PD deficiency

* pure red cell aplasia

» secondary hemophagocytic syndrome

* agranulocytosis

* primary cutaneous T-cell lymphoproliferative disease CD30(+)
* monoclonal gammopathy of uncertain significance

neurologic * Guillain-Barr syndrome
* acute transverse myelitis
* neural amyotrophy
* cranial nerve palsies
* meningitis and encephalitis

nephrological * glomerulonephritis + cryoglobulinemia

other * acute pancreatitis
* mixed cryoglobulinemia




Figure 1. Routes of HEV transmission [based on 11, 17, 19, 20, 21, 23, 24, 27, 28, 29].
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Figure 2. HEV — typical infection profile (antibodies appearance in immunocompetent person) (based on [23, 41])
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Figure 3. Frequency of anti-HEV IgG (Wantai test) in patients and blood donors in Poland and in selected countries and
regions of the world (country/region,year of study, references)
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