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SUMMARY

In Norway, no published data on seroprevalence of hepatitis E virus (HEV) in humans and
swine exists. Serum samples from blood donors, veterinarians, swine farm workers and swine
were analysed by ELISA to estimate the seroprevalence of HEV in Norway and to investigate
the association between direct contact with swine and HEV seroprevalence in humans. The
seroprevalence of HEV IgG antibodies was 30% (24/79) in farm workers, 13% (21/163) in
veterinarians, 14% (162/1200) in blood donors and 90% (137/153) in swine. Our results show a
high seroprevalence of HEV in humans and swine in Norway. HEV seroprevalence in farm
workers and blood donors increased with age, and veterinarians working with swine were twice
as likely to be HEV seropositive compared to other veterinarians. High HEV seroprevalence in
farm workers and veterinarians working with swine support previous reports suggesting swine as
a reservoir for HEV infections in humans in Europe.
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INTRODUCTION

Until the beginning of the 21st century, hepatitis E
was considered a rare disease in industrialized coun-
tries limited to travellers and persons residing in en-
demic areas in developing countries [1]. Today HEV
is considered endemic in many industrialized coun-
tries, also in Europe, posing a risk to the growing
population of immunocompromised people [2].

HEV is synonymous with the species
Orthohepevirus A in the genus Orthohepevirus and is
the sole member of the family Hepeviridae. It is a
single-stranded RNA virus with four known geno-
types. Genotypes 1 (HEV-1) and 2 (HEV-2) are
restricted to humans, and transmitted faecal-orally
via contaminated drinking water in developing coun-
tries [2]. Genotypes 3 (HEV-3) and 4 (HEV-4) infect
humans, swine and other mammals. Whereas
HEV-4 is mainly detected in Southeast Asia, HEV-3
causes sporadic HEV infections worldwide. HEV
infections are normally mild and self-limiting [3]; how-
ever, in developing countries the case fatality can
reach 10–20% in pregnant women [2].
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Although the transmission route for HEV-3 is not
fully understood, studies have suggested that wild
boars and domestic swine are the main reservoirs for
human infection [3], either through direct contact or
through the consumption of raw or undercooked
meat from animals with active infection [4–6].
Additionally, HEV has been isolated from untreated
wastewater, swine manure, swine slurry storage facil-
ities, river water and shellfish [3].

HEV seroprevalence in swine ranges from 46% to
100% in swine herds and from 23% to 90% in individ-
ual swine [7–10]. Positive polymerase chain reaction
(PCR) indicating active HEV infection have been
detected in most investigated swine herds and range
from 8% to 73% in swine across all age groups [11,
12].

In Norway, HEV has been isolated from sewage
[13], but no published data on seroprevalence of
HEV in humans or animals exists. The objectives
of this study were to estimate the seroprevalence of
HEV in humans and swine in Norway, and investigate
the association between direct contact with swine and
HEV seroprevalence in humans.

METHODS

Study population

Blood donors

A convenience sample of serum from blood donors
was collected from 10 different hospitals, located in
urban and rural, as well as coastal and inland areas
of Norway. Two millilitres of serum from 100 con-
secutive blood donors was collected at each hospital,
except for Oslo which included 200 donors. Serum
collected from military recruits, participating in an on-
going seroprevalence study on vaccine-preventable
diseases were also included. Information on age and
sex was registered, and the serum samples were frozen
at −20 °C until they were sent to the Norwegian
Institute of Public Health (NIPH) for testing.

Veterinarians and swine farm workers

We used convenience sampling to select veterinarians
and farm workers attending two national vocational
conferences in 2013. All participants were given writ-
ten information about HEV and the study, and pro-
vided informed consent before having a blood
sample taken. The blood was centrifuged and 2 ml
serum was stored at −20 °C until testing.

Swine

A large number of blood samples have been systematic-
ally collected fromNorwegian swine herds since 1994 as
part of the national surveillance and control pro-
gramme for specific viral infections in swine. These sam-
ples are stored at −20 °C. For this study, individual
serum samples collected from 153 herds sampled in
1994 (49 herds), 2009 (seven herds) and 2010 (97
herds), were analysed for antibodies against HEV.
The number of herds included from each region was
proportional to the total number of herds in that region.
Additionally, in 2013 a total of 118 swine faecal samples
were collected in eight herds representing different parts
of Norway. The faecal samples were stored at −80 °C.

Survey in veterinarians and farm workers

We developed a standardized self-reporting question-
naire for veterinarians and farm workers attending
the above-mentioned conferences. Besides informa-
tion on age and sex, veterinarians were also asked to
state their field of work, i.e. small animal practice,
large animal practice, mixed practice or other kind
of work experience. Completion of the questionnaire
was a prerequisite to drawing blood samples.

Laboratory analyses

Detection of anti-HEV antibodies

The National Hepatitis Reference Laboratory at the
Department of Virology at NIPH performed testing
of all human serum samples. HEV seroprevalence
was determined using Wantai anti-HEV IgG ELISA
assay kit (Beijing Wantai Biological Pharmacy
Enterprise Ltd, China). Positive samples and all sam-
ples from farm workers were further tested for
anti-HEV IgM using an ELISA assay from Wantai
(Beijing Wantai Biological Pharmacy Enterprise Ltd).

The Norwegian Veterinary Institute (NVI) per-
formed testing of all swine serum samples. IgG anti-
bodies against HEV were detected using the ID
Screen® Hepatitis E Indirect Multi-species ELISA
kit (IDVet, France).

Detection of hepatitis E virus by real-time reverse
transcription–PCR (RT–PCR)

IgM positive human serum samples

RNA was isolated from 140 µl serum using the
QIAamp Viral RNA Mini kit (Qiagen, Germany).
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HEV-RNA analyses were performed by RealStar
HEV RT–PCR kit 1·0 (Altona Diagnostics GmbH,
Germany).

Swine faecal specimens

Each pool was prepared as a 5% faecal suspension (0·5 g
faeces in 10 ml 0·9 % NaCl) and centrifuged. RNAwas
isolated from 140 µl of the supernatant using the
QIAamp Viral RNA Mini kit (Qiagen). RNA concen-
tration was measured using a NanoDrop 2000 spectro-
photometer (Thermo Fisher Scientific, USA). The
HepatitisE@ceeramTools kit (Ceeram, France) was
used for real-time PCR analysis.

Sequencing of PCR products

For further characterization and comparison, the
open reading frame 2 (ORF2) region of HEV RNA
of all PCR-positive specimens was sequenced as previ-
ously described [14]. A two-step nested RT-PCR using
SuperScript III (Life Technologies, USA) and
Platinum Quantitative PCR SuperMix-UDG (Life
Technologies) was used for sequencing of the capsid
gene. The external primer set HE3156frw and
HE3157rev and the internal primer set HE3158frw
and HE3159rev were used to amplify the final PCR
product of 347 bp, which was analysed on agarose
gel prior to purification using ExoSap (Affymetrix,
USA). The PCR product was sequenced using the in-
ternal primer set, the ABI BigDye Terminator v. 3.1
Cycle Sequencing kit and the ABI 3130 Genetic
Analyzer (Applied Biosystems, UK). Sequences were
assembled using Sequencher v. 4.9 (GeneCodes
Corporation, USA).

Statistical analyses

We described the human study participants by time
and person and calculated seroprevalence and preva-
lence ratios (PRs) with corresponding 95% confidence
intervals (CIs) by age group, sex and work experience.
HEV seroprevalence in swine was calculated by year
of sampling. All calculations were performed using
Stata v. 13 statistical software (StataCorp., USA).

RESULTS

Blood donors

A total of 1100 serum samples from blood donors and
100 serum samples frommilitary recruits were collected

from January 2013 until March 2013. Information on
age and sex were missing for 201 and 203 donors,
respectively. The median age was 45 years (range
18–83) and 56% were male. Anti-HEV IgG was
detected in 14% (162/1200) of the samples and the sero-
prevalence in males was 59%. Increasing age, but not
sex was associated with HEV seroprevalence (Table 1).

Anti-HEV IgM was detected in serum samples
from three blood donors, but HEV RNA could only
be detected in one of the IgM-positive blood donor
samples after real-time PCR analysis. Due to low
viral load in the specimen, the PCR product could
not be sequenced.

Veterinarians

A total of 163 veterinarians completed the question-
naire and donated a blood sample. The median age
was 43 years (range 24–86) and 32% were male.
Anti-HEV IgG was found in 13% (21/163) of the sam-
ples, and the prevalence in males was 38%. Age and
sex was not associated with increased HEV seropreva-
lence in veterinarians. When stratifying by current
work experience, HEV seroprevalence in veterinarians
working with swine (n= 46) was two times higher
compared to those who did not work with swine
(n= 117) (PR 2·3, 95% CI 1·0–5·0) (Table 1).
Anti-HEV IgM was not found in any of the serum
samples from veterinarians.

Farm workers

A total of 79 swine farm workers completed the ques-
tionnaire and donated blood samples. The median age
was 51 years (range 23–69) and 59% were male.
Anti-HEV IgGwas found in 30% (24/79) of the samples
and the prevalence in males was 67%. HEV seropreva-
lence increased with age (Table 1). HEV seroprevalence
was 2·5 times higher in farmworkers compared to blood
donors (PR 2·3, 95% CI 1·6–3·2) and veterinarians (PR
2·4, 95% CI 1·4–4·0). Anti-HEV IgM was found in
serum samples from four farm workers, no HEV
RNA was detected by real-time PCR analysis.

Swine

A total of 663 individual swine serum samples from
153 herds were analysed for antibodies against HEV.
Anti-HEV IgG was detected in 90% (137/153) of the
herds, and in 73% (484/663) of the individual serum
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samples. In 1994, 94% (46/49) of the tested herds were
positive compared to 88% (91/104) in 2009/2010.

Of the eight herds sampled, HEV RNA was
detected in faecal samples from three herds. The sam-
ples were sequenced, and alignments with published
strains showed the Norwegian HEV isolates to be
HEV-3. The sequences have been submitted to
GeneBank under accession number KU892216-19.

DISCUSSION

This study shows that HEV is endemic in swine in
Norway, and that the virus has been endemic in
Norwegian swine herds for at least 20 years. Our
findings indicate that swine represents a HEV reser-
voir for human infection, and that direct contact
with swine is associated with an increased risk of
HEV infection. Farm workers and veterinarians
working with swine were more than twice as likely
to be HEV seropositive compared to blood donors
and veterinarians not working with swine. An
increased risk of HEV infection in people with direct
contact with swine has also been reported in cross-
sectional, seroprevalence studies from other countries
[6, 15]. The seroprevalence of HEV in farm workers
and blood donors increased with age and those aged
>50 years were 2–3 times more likely to be HEV

positive compared to those aged 450 years. This
confirms previously reported findings [3], and may
be caused by cumulative lifetime exposure to the
virus. However, a decline in the number of HEV
IgG-positive persons has been reported in The
Netherlands and Denmark over the last decades [5,
16] indicating a lowered infectious pressure and
thereby less seropositive young people. Although not
statistically significant, the observed decrease in
seropositive swine from 1994 to 2009/2010 may have
caused a lowered human infectious pressure also in
Norway. As HEV can be transmitted through con-
taminated raw or undercooked swine products [17,
18], application of basic hygienic measures in the
kitchen, and ensuring sufficient heating of meat pro-
ducts can help prevent the chain of swine to human
transmission in the overall population.

The Wantai IgG assay used to analyse the human
serum samples in this study has a higher sensitivity
compared to most other commercial assays [19, 20]
without any loss of specificity [21, 22]. Compared to
studies from other European countries using the same
ELISA kit as the present study, the seroprevalence of
HEV IgG in Norwegian blood donors is lower than
in The Netherlands (27%) and France (23·6%), com-
parable to results in blood donors from Upper
Austria (13·6%) and England (12%), but higher than

Table 1. Number of HEV-positive samples, total number of samples, HEV seroprevalence, prevalence ratios (PR)
and 95% confidence intervals (CI) by age and sex in blood donors, veterinarians and farm workers and by work
experience in veterinarians in Norway, 2013

Blood donors Veterinarians Farm workers

HEV Total % PR 95% CI HEV Total % PR 95% CI HEV Total % PR 95% CI

Age, years
430 11 187 6 1 19 5 0 6
31–40 (ref.: 430) 14 167 8 1·4 0·7–3·1 5 46 11 2·1 0·3–16·5 2 10 20 –*
41–50 (ref.: 430) 26 304 9 1·5 0·7–2·9 5 47 11 2·0 0·3–16·2 5 22 23 1·8 0·4–8·2
51–60 (ref.: 430) 54 244 22 3·8 2·0–7·0 9 36 25 4·8 0·6–34·7 14 37 38 3·0 0·8–11·1
561 (ref.: 430) 27 97 28 4·7 4·5–9·1 1 15 7 1·3 0·1–18·6 3 4 75 6·0 1·5–24·9
>50 (ref.: 450) 81 341 24 3·1 2·2–4·2 10 51 20 2·0 0·9–4·3 17 41 41 2·3 1·1–4·8
Unknown 30 201 15

Gender
Male (ref.: female) 78 562 14 1·1 0·8–1·5 8 52 15 1·3 0·6–3·0 16 47 34 1·3 0·6–2·7
Female 54 435 12 13 111 12 8 31 26

Swine practice
Yes (ref.: no) 10 46 22 2·3 1·0–5·0
No 11 117 9

Total 162 1200 14 21 163 13 24 79 30

HEV, Hepatitis E virus.
* Ref.: 440, no HEV seropositive 430.
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in Scotland (4·7%) [23–25]. The reason for this large
variation between countries may stem from differences
in study populations and incidental variations between
small studies; although it appears that some of these
differences are true geographical variations. The high
HEV seroprevalence in Norwegian blood donors as
reported in this study makes autochthonous zoonotic
transmission likely. Screening of blood products for
HEV is currently not routine practice in Norwegian
hospitals, but the detection of anti-HEV IgM and
HEV RNA in some of the blood donor serum samples
in this study implies that transmission of HEV via
blood transfusion is possible. Immunocompromised
patients, in particular the solid organ transplant
patients, are at high risk for developing chronic HEV
infection through HEV-infected blood products [26].
Therefore, performance of a risk assessment should
be considered to decide if screening of blood products
should be done before use in vulnerable patient groups.
So far, there have been no reported cases of HEV infec-
tion in immunocompromised patients in Norway, but
this may relate to the lack of routine testing for HEV
in these patients.

This cross-sectional study is limited by the fact that
it is carried out at a single time point and provides no
indication of the sequence of events, i.e. whether an
exposure occurred before, after or during the onset
of the HEV infection. In addition, the use of conveni-
ence sampling precluded the extrapolation of the sero-
prevalence measured in farm workers, veterinarians or
blood donors in general. The veterinarians included in
this study were mostly veterinarians with less exposure
to swine, due to a concurrent conference on swine
practice at the time of sampling. This may have led
to an underestimation of the association found be-
tween direct contact with swine and HEV seropositiv-
ity. In addition, we have no information regarding
direct contact with swine from the blood donors
included in the study, possibly resulting in a further
underestimation of this association.

In conclusion, this study supports the theory of a
HEV reservoir in the Norwegian swine population
with a potential zoonotic transmission to humans.
Based on our findings, we recommend increased test-
ing for HEV in patients with acute hepatitis and in im-
munocompromised patients with elevated liver
enzymes. Furthermore, the association between direct
contact with swine and the increased risk of HEV in-
fection emphasizes that veterinarians and farm work-
ers should take appropriate precautions to reduce the
risk of zoonotic transmission of HEV.
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