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ABSTRACT

Hepatitis E virus (HEV) is an increasingly recognized etiological agent of acute, chronic and extrahe-
patic human infections with primarily zoonotic origin in Europe. Limited numbers of comprehensive
RESEARCH ARTICLE population-based studies are available related to HEV seroepidemiology, especially from Central
Europe.
q The aim of this study was to investigate the seroprevalence and trends of total and IgM antibodies
Checl; o against HEV in different age groups in the population of South Transdanubia, Hungary, within a
updates thirteen years long period between the years 2010 and 2022.
We retrospectively analysed the serological test results of HEV total and HEV IgM antibodies
carried out by ELISA technique using Dia.Pro (Diagnostic Bioprobes, Italy) kit from serum samples
collected from patients with or without hepatitis between January 1, 2010 and December 31, 2022.
The number of tested samples (36,996 for total antibody and 6,582 for IgM) increased during
the study period. The average HEV total and the IgM antibody seropositivities were 33% (2,307/6,996
samples) and 9.6% (642/6,582 samples), respectively, in the study population. The HEV total antibody
seropositivity varied in different age groups between 3.9% (age group 1-5 years) and 58.6% (86-90
years) and showed an increasing positivity by age. At the age groups >50 years, nearly half (43%) of the
population had antibodies against HEV. The HEV IgM positivity had an increasing trend of up to 13.9%
in the age group 81-85 years.
High HEV total and IgM antibody seroprevalence were detected in South Transdanubia, Hungary,
confirming that this region is highly endemic for HEV infections in Europe.
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INTRODUCTION

Hepatitis E virus (HEV) is a leading cause of acute viral hepatitis and belongs to the genus
Orthohepevirus, family Hepeviridae [1]. Human pathogen HEVs have been classified into 6
genotypes in two species (Paslahepevirus balayani and Rocahepevirus ratti formerly known as
Orthohepevirus A and Orthohepevirus C, respectively) [1]. Genotypes 1 and 2 in species
Paslahepevirus balayani circulate in tropical/subtropical countries where faecal-oral and
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waterborne infections are the main modes of transmission [2, 3]. Genotypes 3 and 4 are
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12., Pécs, Hungary. from camels have been also reported [4, 5]. Recently, rat HEV belonging to the species
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) ) Rocahepevirus ratti also poses a risk of zoonotic infections in humans [6, 7]. Transmission of
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HEV by blood and blood products and from mother to foetus is also possible [8, 9].
Recent studies confirmed that HEV is associated with a wide range of diseases in humans.
HEV not only cause acute hepatitis but also play a role in chronic hepatitis among immu-
’j Journals nocompromised patients [10, 11] and is related to extrahepatic, like neurological (neuralgic
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amyotrophy, Guillain-Barré syndrome, myelitis etc.), renal
(glomerulonephritis, nephropathy, cryoglobulinemia) and
other immune-mediated manifestations [12-14].

HEV infections have worldwide distribution. Seropre-
valence studies demonstrate various levels of anti-HEV
total antibodies in populations in different countries and
different locations within countries [15, 16]. In Europe,
there were HEV seroprevalence studies among healthy
blood donors [17], organ transplant recipients and other
immunocompromised patients, patients with inflammatory
bowel disease [18], refugees [19] and patients with liver
symptoms [20] but there is a limited number of a
comprehensive study about the prevalence of HEV in the
general populations. In studies from Albania, the Czech
Republic and Greece [21-23] reported the lowest (<10%)
and France, the Netherlands and Poland [16, 17, 24-26]
reported the highest (>20% and reaching 86.4% in Ariége
in Southwest France) average HEV seroprevalence in
Europe. These studies found that HEV seroprevalence is
increasing with age [15-17, 23, 27].

In Hungary, limited and controversial data is available
on HEV seroprevalence in humans. In 2007, HEV IgG
seroprevalence of 6.1% was reported among 264 patients
with acute hepatitis in Southwest Hungary [28]. In 2018, a
European study classified Hungary as a country with low
(under 5%) HEV seroprevalence [29]; however, a recent
report shows 31% HEV seropositivity among patients with
acute hepatitis in Southeast Hungary [30]. At the same time,
based on molecular epidemiological studies HEV is thought
to be endemic, food-borne zoonosis in this country [11, 31].

In this study, the age-specific rates and trends of HEV
immunity in Southwest Hungary (South Transdanubia)
were reviewed between 2010 and 2022.

MATERIALS AND METHODS

Collection of specimens

The seroepidemiological analysis is based on a retrospective
analyses of the serological laboratory results of the HEV total
antibodies and HEV IgM antibody tests, respectively, be-
tween January 1, 2010 and December 31, 2022. Blood
samples were originally sent by physicians (university/
county hospitals and general practitioners) from patients
with a history of hepatitis or without hepatitis for routine
clinical HEV serological testing to the Laboratory of
Virology, Department of Medical Microbiology and
Immunology, University of Pécs (Pécs, Hungary) covering a
population of > 894,000 persons (9.1% of the total popu-
lation of Hungary in 2017) in three counties (Baranya,
Somogy and Tolna) in the region South Transdanubia,
Southwest Hungary (Fig. 1). South Transdanubia represents
one of the seven regions in Hungary. The study protocol
conformed to the ethical guidelines of the 1975 Declaration
of Helsinki. The health data collection authorisation number
is: KK/208-1/2023 (University of Pécs).

Serological methods

Serum samples were tested by ELISA method using the HEV
Ab (version Ultra, Dia.Pro Diagnostic Bioprobes, Sesto San
Giovanni, Italy) and HEV IgM (Dia.Pro Diagnostic Bio-
probes, Sesto San Giovanni, Italy) test kits according to the
manufacturer’s instructions. Based on the available infor-
mation the HEV Ab (HEV total antibody) and HEV IgM
ELISA test plates are coated with specific synthetic HEV-
ORF2 capsid protein antigen encoding conservative and

Fig. 1. Schematic map of Hungary with counties (N = 19) and the capital Budapest. The study area (South Transdanubia) is indicated with a
dark coloured background and the names of the three counties
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immunodominant determinant of genotypes 1-4 HEVs.
These assays are allowing the qualitative detection of total
anti-HEV antibodies (IgG, IgM, and IgA together) and IgM
separately (in case of IgM assay) in human serum and
plasma samples [https://www.diapro.it/products/hev-ab-
version-ultra-elisa/, 32]. According to the manufacturer’s
validation criteria the sample is positive for HEV total and
HEV IgM antibodies if the optical density (OD) was equal or
higher than 1.1 compared to the OD/cut-off ratio. A positive
test result for HEV IgM may indicate an acute (recent) HEV
infection, while a positive result for HEV total antibody may
indicate a previous infection [33].

Statistical analyses

The selection of the 5-year age groups was made using
MedBakter program (Prolab Kft.). Statistical analyses were
performed using IBM SPSS Statistics software V024 (Chi-
cago, IL, US) and Microsoft Excel 2013 (Redmon, WA,
US). We used regression analysis. p < 0.05 was considered
significant. Age group 91-95 years was excluded from
statistical analyses because of the low sample size

(N = Y8).
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RESULTS

A total of 6,996 and 6,582 serum samples were tested for
HEV total and HEV IgM antibodies, respectively, between
2010 and 2022. The yearly distribution of the samples had
an increasing trend; however, there was a decline in 2020
and 2021. Figure 2 represents the total numbers of HEV
total antibody and IgM antibody tests and the positive test
results per years (Fig. 2).

Most of the specimens (54.7% tested for HEV total
antibody and 54.3% tested for HEV IgM antibody) was
originated from age groups between 40 and 70 years (Fig. 2).
The fewest samples collected from the age groups under 10
(less than 2% by age groups) and over 80 (less than 2% by
age groups). The highest percentage (9.9% for both HEV
total and for HEV IgM antibodies) of samples were collected
from the age group 61-65 years. Figure 3 shows the distri-
bution of specimens tested for HEV total and HEV IgM
antibodies by age groups (Fig. 3).

Over the study period, the seropositivity of HEV total
antibody increased significantly between 2010 and 2015
(p < 0.001) reaching 36.3% (Fig. 4). Between 2015 and 2022
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Hungary, between 2010 and 2022. Grey and black columns represent the total numbers of the tested and HEV antibody-positive specimens,
respectively. B) Yearly distribution of serum samples (N = 6,582) tested for HEV IgM in South Transdanubia, Hungary, between 2010 and
2022. Grey and black columns represent the total numbers of the tested and HEV IgM antibody-positive specimens, respectively
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Fig. 3. A) Distribution of specimens (N = 6,996) tested for HEV antibody in percentage by age groups in years. B) Distribution of specimens
(N = 6,582) tested for HEV IgM in percentage by age groups in years
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Fig. 4. A) Percentage (%) of HEV total antibody positivity (HEV Ab +) of tested samples by year between 2010 and 2022. B) Percentage (%)
of HEV IgM positivity (HEV IgM +) of tested samples by year between 2010 and 2022

it varied between 31.4% (2017) and 37.2% (2019) without
further significant increase (p > 0.05). The average sero-
positivity rate was 33% (2,307 HEV total antibody positive
specimens from 6,996 tests). Figure 4A shows the yearly
distribution of HEV total antibody seropositivity in per-
centage in detailed (Fig. 4A).

The HEV total antibody seropositivities varied in the
different age groups between 3.9% in the age group 1-5
years and 58.6% in the age group 86-90 years (Fig. 5).
Seropositivity increases continuously with age (p < 0.001). It
varies between 40% and 50% between the age group 51-55
and the age group 81-85, respectively. The average HEV
total antibody seropositivity (33%) was crossed by the age
group 46-50 years. Figure 5A represents the percentages of
HEV total antibody seropositivity by age groups in detailed
(Fig. 5A).

The yearly distribution of HEV IgM positive specimens
varied between 6.1% (2013) and 16% (2015) with an average
of 9.6% (642 HEV IgM antibody positive specimens from
6,582 tests) during the study period. The trend increased
between 2010 and 2012 (from 6.5% to 12.2%) followed by a
decrease in 2013 to 6.1% which was the lowest percentage.
There was a peak (16%) in 2015. The change of trend was
not significant during the whole study period (p > 0.05);
however, there was a significant decrease from 12.9% to
6.5% between 2017 and 2022 (p < 0.001). Figure 4B
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represents the HEV IgM seropositivities by years in detailed
(Fig. 4B).

The HEV IgM seropositivity varied between 0% in the
age groups less than 5 years and 13.9% in the age group
81-85 years and increases with age (p < 0.001) (Fig. 5B). The
average HEV IgM seropositivity was 9.6%. Between age
groups 51-55 and 81-85 the HEV IgM seropositivities were
more than 10% in all age groups. Figure 5B shows the
percentages of HEV IgM positivities by age groups in
detailed (Fig. 5B).

DISCUSSION

The number of currently available HEV seroprevalence
studies in the general population is not sufficient for a
comprehensive and comparative analysis to draw further
conclusions in Europe, furthermore, limited and contro-
versial data is available on HEV seroprevalence in Hungary,
too. In this study, the seroprevalence of human HEV in-
fections was investigated using total antibody and IgM
ELISA assays in more than 6,500 specimens collected from
the population of South Transdanubia, Hungary, between
the years of 2010 and 2022. The difference in the numbers of
total and IgM antibody tests can be explained by the test
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Fig. 5. A) Percentage (%) of HEV total antibody positive results by age groups in years. B) Percentage (%) of HEV IgM positive results by age
groups in years. Each age group covers 5 years from 1 to 90 years. The sample size was low (N = >_8) in age-groups 91-95, therefore, this
data is not included in the figure
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requests of clinicians. The number of HEV specimens were
continuously increased from the start of our study until
2019, interrupted by a sharp decline in 2020/2021 because of
the ongoing SARS-CoV-2 pandemic. Following the end of
emergency, the upward trend has reversed by 2022. The
overall increasing trend in testing suggests that more and
more clinicians are recognising the importance of HEV and
requests more tests.

The seroprevalence of HEV total antibodies increases
with age similar as found in other studies [15-17, 23, 26].
The lowest seroprevalence was observed in children similar
as found in other studies [26]. The relatively high HEV total
antibody seroprevalence (29.3%) in age group <1 year could
be explained partially by the presence of maternal antibodies
in the tested samples. The seroprevalence of HEV antibodies
did not disappear completely in any age group and remains
higher in children, adolescents and young adults than in
similar age groups in other studies [26]. The observed 33%
average HEV total antibody seropositivity of the overall
population and the 40-50% seropositivity in the population
over age of 50 in South Transdanubia could be considered as
very high values compared to the international data [26, 29].
Based on these observations the investigated regions and
therefore Hungary could belong to countries with high HEV
seroprevalence such as Poland, Netherlands and France
[17, 24, 25]. According to an international study [29],
comparing European countries, Hungary estimated as low
HEV seroprevalence. However, our study in concordance
with the study from the Southern Great Plain region, South-
east Hungary [30] - two of the seven regions in Hungary
with available HEV seroprevalence data — debates this.

The average HEV IgM seropositivity was found to be
9.6% in the investigated population and growing with age.
The HEV IgM seropositivity sharply increased near to 10%
in age group 36-40 years, and consistently above 10% from
50 years of age reaching the peak of 13.9% in age group
81-85 years. This finding could be a result of more testing
because of symptomatic acute HEV infection may manifest
more frequently in older population [3, 13] leading to better
diagnosis in these groups than others. In addition, the higher
total HEV antibody prevalence among older age groups
together with IgM antibody prevalence also suggest, that
majority of acute infection actually occur in elderlies. On the
other hand, HEV IgM positivity shows a decreasing trend in
the last five years almost halved by 2022 compared to 2017
including the years of the SARS-CoV-2 pandemic. We
should notice, that our results about HEV total antibodies
were similar as in Southeast Hungary [30] but we found
nearly twofold (9.6% versus 5.1%) IgM seropositivity. This
can be explained by different study designs (only symp-
tomatic acute hepatitis versus all cases of HEV-positive
tests). The high total antibody seroprevalence of HEV
including the high HEV IgM seroprevalence in the popu-
lation in South Transdanubia means a common circulation
and endemic infection of HEV.

Seroprevalence of HEV total antibody in the study area
shows increasing trend while HEV IgM shows a slowly
decreasing trend following a peak in 2015 during the study

period. Increasing HEV total antibody prevalence can be
related to the combination of wider recognition of HEV
infections among clinicians, the increasing and specific
testing requests and improved laboratory capacity of HEV
[11, 30]. In addition, previous studies confirmed the high
RT-PCR positivity of genotype 3 HEV strains in domestic
pigs (30.8%-39%), and wild animals such as roe deer
(34.4%) and wild boar (12.2%) in Hungary [31, 34]. These
domestic and wild animals and the Hungarian pork-related
traditions (e.g. backyard pig farming, homemade pork
butchering) and (e.g. pork based) dietary habits could be the
main, food-borne source of the genotype 3, subgenotypes 3
a/c/e/f/i human HEV infections in Hungary [11, 30, 31].
While the frequent HEV infections among pigs and other
frequently consumed animals can explain the higher sero-
prevalence among humans, further studies are needed to
investigate (confirm or exclude) the full spectrum of causes
of the high HEV seroprevalence and transmission modes
(e.g. risk of blood transfusion) in the country.

This study has some limitations: The study represents
only a regional situation of HEV seroepidemiology and not
covered the whole country which probably differs from re-
gion to region. Dia.Pro ELISA kit used in this study might be
less sensitive compared to other ELISAs [15]. While it could
detect antibodies against HEV genotypes 1-4 of species
Paslahepevirus balayani the whole spectrum of HEV vari-
ants (genotypes, subgenotypes and serotypes) covered by the
kit is unknown [https://www.diapro.it/products/hev-ab-
version-ultra-elisa/, 32]. False negative results and - in
consequence - a possible higher HEV seropositivity are just
as possible [15] as false positive ELISA results, the latter are
not investigated in all cases by further confirmatory tests
(see strengths below).

This study also has some strengths: High number of
persons (N > 6,500) were tested and analysed who were in
contact with the healthcare system without exclusions on
symptoms, underlying conditions or age which can better
represent the general population and the disease spectrum
(asymptomatic infection, acute hepatitis, chronic hepatitis,
extrahepatic infection etc.) of HEV. This seroepidemio-
logical study partially covered the molecular epidemiological
(confirmatory) study conducted on the same cases and
specimens from 2014 to 2017 [11]. This study fills a gap
about HEV seroprevalence in a barely studied European area
in Central Europe that put South Transdanubia into the high
HEV seroprevalence area.

During the completion of the study we recognized that
there is no easy-to-use, simple and informative international
classification scheme for the endemicity levels of HEV
seroprevalence. Horn et al. [29] categorised HEV seropre-
valence as low (<5%), intermediate (5-10%) and high
(>10%). Capai et al. [26] established simple three categories:
high, intermediate and low risk for industrialized countries.
Other studies made free ranges of HEV seroprevalence for
comparison of countries without exact definitions [15, 16].
In comparison, hepatitis A virus (HAV) is well classified
based on IgG seroprevalence in different age groups.
Countries have been classified as high, intermediate, and low
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Table 1. Proposed classification scheme for the endemicity levels for
HEV seroprevalence in different populations. Countries/regions/
populations have been classified as high, intermediate, and low

HEV endemicity, defined as the population HEV antibody
immunity level in percentage (%) by two age groups
(<30 years and >60 years)

HEV endemicity level based on the HEV
antibody positivity in percentage (%)

Age of years High Intermediate Low
<30 >10% 5-10% <5%
>60 >40% 25-40% <25%

HAV endemicity, defined as >90% of the population being
immune by age of 10 years, >50% by the age of 15 years, and
>50% by the age of 30 years, respectively [35]. Similar age-
related classification scheme of HEV is considerable to better
comparing the HEV seroprevalence in different geographical
locations. Taking into account the worldwide HEV sero-
prevalence in children, adults and the elderly, we recom-
mend the following three categories: Countries/regions have
been classified as high, intermediate, and low HEV ende-
micity, defined as >10% or >40% of the population immune
by ages of <30 or >60 years, 5-10% or 25-40% by the ages of
<30 or >60 years, and <5% or <25% by the age of <30 or >60
years (Table 1.), respectively. However, further compre-
hensive age cohorts in different geographic locations can
refine the HEV seroepidemiological categories.

In summary, according to our 13-year-long study high
average and age-related seroprevalence of HEV infection
was detected increasing with age. South Transdanubia in
Hungary has one of the highest HEV seroprevalence rates in
Europe.
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