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Objectives: HEV infection is asymptomatic for immunocompetent blood donors (BD). Transfused HEV-
infected blood products may cause potentially hazardous HEV infection in immunocompromised
patients. Evaluation of the need for routine BD HEV RNA screening primarily demands the establishment
of HEV infection prevalence in Croatian BD.
Materials and methods: We tested BD samples in ID-NAT with the Procleix UltrioPlex E screening test for
simultaneous detection of HBV DNA, HCV RNA, HIV-1,2 RNA, and HEV RNA (Grifols, Spain). HEV infection
was confirmed with HEV RNA quantitative test (Altona Diagnostics, Germany) and HEV IgM and HEV IgG
antibody test (DIA.PRO Diagnostic Bioprobes, Italy). We analysed the HEV RNA sequence and performed a
phylogenetic analysis. We recorded BD’s anamnestic data and dietary habits. BDs gave follow-up samples
after two months and did not donate blood for six months.
Results: Between December 2021 and March 2022, we tested 8,631 donations and found four HEV RNA-
positive donations, which equals to one in 2,158 donations (0.046 %, 95 % confidence interval, 0.018 %-
0.119 %). Confirmatory HEV RNA testing gave results from negative to 4.73E + 3 IU/ml HEV RNA. Three
donations were in the serological window period. We have genotyped HEV RNA of two infected BD as
genotype HEV-3c. Blood donors didn’t report any health problems and their diet included pork.
Testing on follow-up samples presented seroconversion and no HEV RNA could be detected.
Conclusion: The incidence of HEV RNA infection in BD in Croatia corresponds with other European data.
The decision on implementation of HEV NAT screening in Croatia needs an expert team evaluation of the
possible risk of TT-HEV infection.
� 2023 Société française de transfusion sanguine (SFTS). Published by Elsevier Masson SAS. All rights

reserved.
1. Introduction

HEV is a non-enveloped, single-stranded RNA virus, a member
of the Hepeviridae family and Orthohepevirus genus. Five of eight
known Orthohepevirus A genotypes (HEV1 to HEV8) infect
humans. HEV1 and HEV2 infect only humans and are transmitted
through the faecal-oral route mainly in developing countries.
HEV3 and HEV4 are causing zoonotic disease in humans, primarily
by the consumption of undercooked or raw meat originating from
infected pigs, boar and deer, or seldomly by contact with infected
animals or their excretions. HEV7 was found in dromedary camels
but was also detected in an immunocompromised transplant
patient who regularly used camel meat and milk [1]. HEV is recog-
nised as the main cause of acute hepatitis worldwide. It is respon-
sible for more than 20 million cases in developing countries
annually and is considered a silent global epidemic [2]. In the last
years, a significant increase in locally acquired HEV cases has been
seen in developed countries [3]. In Europe, not travel-related HEV
infections are caused primarily by HEV3 [4].

HEV3 infections in humans are mainly asymptomatic with a
clinically silent seroconversion, or benign and self-limiting with
full recovery in six weeks. However, patients with existing liver
disease or immunosuppression could progress to a symptomatic
acute or acute-on-chronic course of the disease. Chronic hepatitis
E could progress to liver cirrhosis with possible liver failure and
lethal outcome. Additionally, HEV3 can cause extrahepatic mani-
festations, primarily with neurologic, hematologic, gastrointesti-
nal, and renal involvement. Furthermore, pregnant women with
HEV infection may develop fulminant hepatic failure (FHF),
ogique,
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particularly in the second and third trimesters, with a high rate of
maternal mortality [5].

HEV transmission through blood transfusion was firstly
reported in 2004 in Japan [6] and since then cases have also been
recorded in Japan, France, the UK, Germany and Spain [7]. From
the beginning of 2017, the European Pharmacopoeia directs com-
pulsory HEV NAT screening of solvent/detergent (S/D) treated
plasma. In 2017 the European Centre for Disease Prevention and
Control (ECDC) issued a 10-year surveillance report of HEV epi-
demiological data in Europe. UK, France, Netherlands, and Ger-
many reported the majority of infections. In the same year, the
ECDC expert meeting on risk and prevention of HEV transmission
through substances of human origin stated that screening of blood
donations should be done together with clinicians’ dietary recom-
mendations for patients at risk. The European Association for the
Study of the Liver (EASL) recommends HEV NAT screening of all
blood donations, based on local risk assessment and cost-
effectiveness studies, both of which may vary considerably by geo-
graphical location [8]. Therefore, many transfusion centres have
introduced blood testing for HEV RNA or have assessed the need
to diminish the risk of HEV transmission by blood products [9].

Many European countries already performed HEV RNA preva-
lence studies and HEV viraemic blood donations were found at a
high rate, namely of up to 1 in 726 donations in the Dutch study
[10]. Of 27 EU member states, seven have implemented NAT
screening for HEV RNA. Universal donor screening is performed
in Ireland, the Netherlands, Switzerland and UK. The selective
screening which assures inventory of HEV-negative blood for
high-risk patients is done in France, Austria, and Luxembourg.
Some countries perform universal screening of blood donations
collected in specific, high prevalence regions, like – Catalonia and
Asturias in Spain and North Rhine-Westphalia, and Hamburg in
Germany [9]. After performing prevalence studies Sweden, and
Denmark have decided not to screen for HEV RNA [11,12].

The first case of autochthonous HEV infection in Croatia was
reported in 2012 with the undefined zoonotic transmission of
HEV3 [5]. A seroprevalence study in the Croatian blood donor
(BD) population performed in 2014 revealed a high HEV IgG
(20.2 %) and HEV IgM (4.4 %) seropositivity among BD [13]. Thus,
this study aimed to assess the prevalence of HEV RNA infection
in BD who donate blood at the Croatian Institute of Transfusion
Medicine (CITM).
2. Materials and methods

2.1. Subjects

From December 2021 until March 2022, BD from the CITM in
Zagreb were asked to approve additional screening for HEV RNA
on their blood donation. All participating donors signed a consent
acknowledging the purpose of the study and their willingness to
give anamnestic data and follow-up samples in the case of HEV
RNA-positive results. The study was approved by the CITM ethics
committee.
2.2. Testing strategy and algorithm

BD samples were tested in the Molecular Diagnostics Depart-
ment of the CITM after routine ID-NAT screening for HBV, HCV
and HIV-1, 2. HEV RNA was tested in ID-NAT with the Procleix
UltrioPlex E test (Grifols, Spain), for simultaneous detection of
HBV, HCV, HIV-1, 2 and HEV (95 % LOD for HEV RNA 3.6 IU/ml,
HIV-1 RNA 38.2 IU/ml, HIV-2 RNA 9.5 IU/ml, HCV RNA 9.6 IU/ml
and HBV DNA 3.1 IU/ml).
2

HEV RNA initial reactive (IR) samples were retested in duplicate
and if again reactive, the sample was declared HEV NAT positive
(Fig. 1). Confirmation of HEV infection was carried out by real-
time PCR quantitative assay RealStar HEV RT-PCR Kit 2.0 (Altona
Diagnostics, Germany) (95 % limit of detection 2.00E + 2 IU/ml),
serology testing for HEV IgM and HEV IgG antibodies (DIA.PRO
Diagnostic Bioprobes, Italy) and serum aspartate and alanine
aminotransferase measuring (Vitros Ortho, USA). HEV RNA-
positive donations were discarded, and BD were informed of
acquired HEV infection. BD gave us information on recent health
problems, namely digestion problems and we recorded their diet-
ary history preceding donating HEV RNA-positive donation. The
follow-up sample was collected after two months and tested for
HEV RNA, IgM and IgG antibody status by RealStar HEV RT-PCR
Kit 2.0 and DIA.PRO. Donors with HEV RNA infection were deferred
from donating blood for six months. The algorithm accepted IR:
NRR (initial reactive: non-repeated reactive) donation if serology
and confirmatory HEV RT-PCR tests were negative.

2.3. HEV RNA genotyping

Total viral RNA was extracted using EZ1 Advanced XL device
(Qiagen, Hilden, Germany) and EZ1 Virus Mini Kit v2.0 (Qiagen,
Hilden, Germany) according to manufacturer’s instructions.
Extracted RNA volume of 50 ll was stored at �80 �C until amplifi-
cation. Evolutionary preserved regions within the fragment of
Open Reading Frame 1 (ORF1) were amplified by using nested
PCR with a previous reverse transcription step. According to Van
der Poel et al. [14] ORF1-primers within methyltransferase region
were used and nested PCR was performed in Gene Amp PCR Sys-
tem 9700 (Applied Biosystems, USA). After electrophoresis in
1.5 % agarose gel, PCR products were extracted and purified by
using the Wizard� SV Gel and PCR Clean-Up System (Promega,
USA) and nonspecific amplicons were removed. Purified cDNA
was eluted in 50 ll sterile, deionised water and was sequenced
by Macrogen Inc. (Amsterdam, The Netherlands). Sequences were
analysed by Sequencher 5.4.6 software (Genes Codes Corporation).

2.4. Phylogenetic analysis

Phylogenetic analysis of HEV-genotyped samples was per-
formed by using the neighbour-joining and Kimura-2-parameter
methods [15]. Sequences analysis also comprised HEV referral
sequences described by Smith et al. [16] and related HEV
sequences that were found with BLAST algorithm (sequences
found in Croatia and neighbouring countries).

2.5. Statistical analysis

Prevalence was calculated and expressed as a percentage with a
95 % confidence interval (CI) based on the binomial distribution.
3. Results

From December 2021 to March 2022, we found four HEV RNA-
positive donations among 8,631 tested (0.046 %; 95 % CI, 0.018 %-
0.119 %). Our results prove the prevalence rate of one HEV RNA-
positive donation in 2,158 donations. For three seronegative BD,
we were able to establish HEV RNA titre (3.2E + 1 to 4.73E + 3 IU/
ml). Ongoing seroconversion and consequently viral elimination in
one BD, disabled HEV RNA quantitation in his donation (Table 1).
Only one BD had a slightly elevated alanine aminotransferase
(ALT) level at the time of donation. The median age for BD with
HEV infection was 40 years. They did not report any health prob-
lems, and their diet included pork or mainly pork. Three BD reside
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Fig. 1. ID-NAT HEV screening algorithm using the Procleix UltrioPlex E assay in the CITM.

Table 1
Testing results for 4 HEV RNA-positive Croatian blood donors.

UltrioPlex E HEV RNA positive
Blood
donor

HEV RNA titera (IU/mL) HEV IgGb HEV IgMb ASTc (U/L) ALTc (U/L)

Donation/Follow-up sample

1 1.15E + 3/not determined negative/positive negative/negative 28 43 HI
2 4.73E + 3/not determined negative/positive negative/negative 26 23
3 not determined/not determined positive /positive positive /positive 25 20
4 3.2E + 1/not determined negative/positive negative/negative 34 31

a Real star HEV RNA, Altona DIAGNOSTICS.
b ELISA Dia.Pro, Diagnostic Bioprobes.
c Vitros Ortho; AST normal range: F (female) 14–36 U/L, M (male)17–59 U/L; ALT normal range F 4–34 U/L, M 4–49 U/L.
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in Western Europe (one in Germany, one in Ireland and one in Bel-
gium and Slovenia) and gave blood during their visit to Croatia.
Two of them reported transient gastrointestinal problems before
blood donation that they subjectively connected to tap water
drinking. HEV RNA-positive donors received notice of their test
results and were asked to give the follow-up sample in 60 days.
All four HEV RNA-positive donors respected the follow-up term
of two months and the three BD that live abroad planned their
3

weekend or holiday visits to Croatia to give the follow-up sample
accordingly. Follow-up testing gave negative results for HEV RNA
quantitative test and serology testing showed seroconversion with
positive HEV IgG antibodies for all 4 BD. In one donor anti-HEV IgM
antibodies were also present. Interestingly, this BD had ongoing
seroconversion already in the index donation (Table 1). None of
BD developed any symptoms of infection two months after detec-
tion of HEV infection.
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Fig. 2. Phylogenetic comparison of hepatitis E virus RNA sequences (a 418 bp
fragment of ORF1). Phylogenetic tree based on analysis of HEV-Met gene section.
Evolutionary history was inferred by using the neighbour joining method and
Kimura-2 Parameter model. Numbers in branch junctions represent values calcu-
lated in 1000 repetitions with bootstrap method. Phylogenetic groups are shown on
the right of Acc. No. and are defined according to Smith et al. and by BLAST
algorithm. Croatian blood donor samples are shown as underlined.
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Two samples with sufficient viral titre were genotyped, and iso-
lates were clustered within the phylogenetic group 3c (Fig. 2).
These two isolates showed the highest resemblance with a human
isolate KY910800 that was described by Jemeršić et al. [17] with
the difference in 32nd and 31st nucleotide in the 245 nucleotide
region. In comparison with swine isolates from Croatia, these
two isolates resemble a domestic pig isolate KT583116 that was
described by Jemeršić et al. [17], and are different from pig isolate
in 24th and 23rd nucleotide within 245 nucleotide region. The
phylogenetic data of two isolates were compared to isolates from
neighbouring countries and the highest resemblance was found
with domestic pig isolates originated in the Netherlands (Acc. No.
EF372542 and AF336013) and Germany (Acc. No. JN415697).
4. Discussion

This was the first study of HEV RNA infection prevalence in
Croatian blood donors by using the highly sensitive molecular
assay. We detected four HEV RNA-positive donations in total of
8,631 tested blood donations, proving a high prevalence of 1 in
2,158 donations. This prevalence rate was somewhat expected
since the seroprevalence study of Miletić et al. [13] reported high
4

seropositive results. A high rate of previous exposure to HEV asso-
ciated with extensive HEV infections in Croatia was reported in
another study where an overall anti-HEV IgG prevalence of
27.9 % among 394 haemodialysis patients was reported [5]. Our
findings are similar to the HEV RNA prevalence reported in UK with
1 in 1,365 donations [18], 1 in 3,830 donations [19] and 1 in 2,848
donations [20], Denmark 1 in 2,330 donations [11] and in Poland 1
in 2,109 donations [3]. It is a higher number than in Catalonia,
Spain 1 in 4,341 donations [21], Ireland 1 in 4,745 donations [9]
and 1 in 4,997 donations [22] and Austria 1 in 8,416 donations
[23] but less than in Germany 1 in 597 donations [24], the Nether-
lands 1 in 611 donations [25], 1 in 726 [10] and 1 in 1,289 dona-
tions [18] and France 1 in 1,317 donations [26]. However, these
prevalence data could not be directly compared since different
methods and sample sizes (pools of donor samples or individual
donor samples) were used.

The most extensive study of HEV RNA prevalence was per-
formed in England and showed that most of the viraemic donors
(66 %) were seronegative at the time of donation [19]. A study of
HEV RNA prevalence in Catalonia, Spain performed on 655,523
blood donations, reported that 58 % of HEV RNA-positive donors
were seronegative at the time of donation [21]. Hewitt et al.
reported that 71 % of HEV RNA-positive donors were seronegative
at the time of donation [20]. Similarly, we found that three of four
(75 %) HEV RNA-positive donations were seronegative and 1 (25 %)
was positive to IgM and IgG at the time of donation. We found that
all HEV RNA-positive donors were asymptomatic. At the follow-up
testing after 60 days HEV RNA was not detected in any of the four
donors and serology testing showed HEV IgG positivity in all four
donors and only in one donor IgM positivity was still found. In
the same follow-up period of two months after the initial donation,
none of the HEV infected donors developed a chronic HEV infection
and were not HEV reinfected which is in line with EASL Clinical
Practical Guidelines regarding spontaneous viral clearance in
immunocompetent patients within three months of infection [8].
Out of four HEV RNA NAT repeated reactive (RR) samples, three
were detected and quantified by RT-PCR method and two donor
samples were genotyped and included in phylogenetic analysis.
Our results showed that the HEV strain in analysed BD samples
belongs to HEV genotype 3c. A seroprevalence study conducted
in Croatia from 2011-2013 among 504 hepatitis patients that were
negative for acute viral hepatitis A-C and 88 HIV patients, reported
HEV genotype 3 and none of the patients had recent travelling his-
tory to endemic countries [5]. Another large study performed in
Croatia from 2010 to 2017 included anti-HEV antibody-positive
patients, swine samples and wild boar samples. All detected HEV
strains belonged to genotype 3, mainly subtypes 3a (65.4 %) and
3c (23.1 %) confirming the close relation of HEV strains regardless
of the host [17].

Transfusion-transmitted HEV (TT-HEV) infection is not yet
described in Croatia. Somewhat, due to not recognising the infec-
tion and lack of testing for the presence of HEV RNA in patients.
Our study acknowledges the risk of not screening for HEV RNA in
BD based on the established incidence of detected infection.

The main concern for adopting ID-NAT or MP-NAT screening
protocols is the lack of accurate data for minimal viral load (VL)
at which the TT-HEV infection can occur. However, in determining
the minimum VL for TT-HEV it is important to use a highly sensi-
tive assay [7]. An Irish study showed that 95 % of RR donations
were quantifiable and 37.5 % of these had VL < 100 IU/ml [9].
Our study showed that 2 BD samples had medium VL (1.15E + 3
and 4.73E + 3 IU/ml), one had low VL of 32 IU/ml and in one sample
we could not determine the VL, probably because the viral titre
was below the LOD of 200 IU/ml of the RT-PCR assay. Vollmer
et al. reported that the lowest infectious dose known to cause TT-
HEV infection was 7.05E + 3 IU and that all components with an



I. Gorski, I. Babić, J. Bingulac-Popović et al. Transfusion clinique et biologique xxx (xxxx) xxx
infectious dose ˃5.00E + 4 IU caused TT-HEV infection [24]. A
recent study in England reported that in a five-year period of uni-
versal blood donation screening for HEV RNA in MP-24, more than
6 million blood donations were tested and a total of 1,727 HEV
RNA-positive donations were identified (107 were apheresis and
1,620 whole-blood donations). Further review of preceding dona-
tions from infected platelet donors revealed nine RNA-positive
donations that were undetected due to low VL (�37 IU/ml) and
were supplied for clinical use. Two of those donations resulted in
confirmed TT-HEV and one of them with fatal multiorgan failure.
It was estimated that these missed doses had < 6.66E + 3 IU of
HEV RNA. Residual risk calculations predicted that in the same per-
iod, HEV RNA detection was missed by MP-NAT in 12–23 platelet
and in 177–354 whole blood donations. The authors concluded
that missed detection of low levels of HEV RNA can lead to severe,
even fulminant TT-HEV infection, that could be prevented by more
sensitive screening [27]. Vollmer et al. reported that the detection
frequency of HEV RNA by ID-NAT was approximately 50 % higher
compared to MP-NAT. However, the minimum infectious dose of
HEV RNA leading to TT-HEV infection remains unknown [24].

The risk of HEV infection through meat consumption is much
higher compared to transmission by blood transfusion. Certainly,
for immunocompromised patients, the frequent need for multiple
transfusions increases the transmission risk [28]. Blood donation
screening could considerably diminish the risk of infection for
blood recipients that are either immunosuppressed and/or with
other medical conditions. In addition to that, de Vos et al. analysed
the cost-effectiveness of the HEV NAT screening of BD in the
Netherlands and concluded that it is not excessively expensive
compared to other blood-screening measures [29]. Our data con-
firm a moderate prevalence of HEV RNA in BD population and
add valuable information that could assist in deciding on the
implementation of universal screening of blood donations for
HEV RNA in Croatia.
5. Conclusion

This was the first study of HEV RNA prevalence in BD popula-
tion in Croatia. The incidence of HEV RNA infection in BD (1 in
2,158) corresponds to other European data. For the decision on
the mandatory HEV NAT screening implementation, data on the
hepatitis E infection trends and evidence of TT-HEV infection
among recipients are needed.
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of the hepatitis E assay-dependent seroprevalence among Croatian blood
donors. Transfus Clin Biol 2019;26:229–33.

[14] Van Der Poel WHM, Verschoor F, Van Der Heide R, Herrera MI, Vivo A,
Kooreman M, et al. Hepatitis E virus sequences in swine related to sequences
in humans, the Netherlands. Emerg Infect Dis 2001;7:970–6.

[15] Kimura M. A simple method for estimating evolutionary rates of base
substitutions through comparative studies of nucleotide sequences. J Mol
Evol 1980;16:111–20.

[16] Smith DB, Simmonds P, Izopet J, Oliveira-Filho EF, Ulrich RG, Johne R, et al.
Proposed reference sequences for hepatitis E Virus subtypes. J Gen Virol
2016;97:537–42.
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