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Abstract

While the majority of worldwide hepatitis E viral (HEV) infections that occur in people are
from contaminated water or food sources, there has also been a steadily rising number of
reported cases of transfusion-transmitted HEV (TT-HEV) in blood donation recipients. For
most, HEV infection is acute, self-limiting and asymptomatic. However, patients that are
immunocompromised, especially transplant patients, are at much higher risk for developing
chronic infections, which can progress to cirrhosis and liver failure, along with overall
increased mortality. Because of the rising trend of HEV serological prevalence among the
global population, and the fact that TT-HEV infection can cause serious clinical consequences
among those patients most at need for blood donation, the need for screening for TT-HEV
has been gaining in prominence as an important public health concern for both developing
and developed countries. In the review, we summarise evidence for and notable cases of
TT-HEV infections, the various aspects of HEV screening protocols and recent trends in
the implementation of TT-HEV broad-based blood screening programmes.

Introduction

Hepatitis E (HE) is considered to be the most common cause of acute hepatitis worldwide.
Initially, it was discovered through retrospective studies of cases of hepatitis in India [1].
The disease-causing pathogen, hepatitis E virus (HEV), was subsequently confirmed through
voluntary ingestion of infectious material by a Russian researcher, which was isolated and
visualised from his own stool samples following his own course of illness. HEV virus is a
small, non-enveloped, positive-template, single-stranded RNA virus, encased within an icosa-
hedral capsid of between 27 and 34 nm in size [2]. HEV infection typically follows a fairly rou-
tine clinical course, consisting of an incubation period of 2-6 weeks, followed by a few weeks of
pronounced detectable viraemia in both serum and stool along with corresponding symptoms
of hepatitis (abdominal pain, vomiting, hepatomegaly, jaundice, etc.). Resolution coincides
with a typical immune response of IgM antibody production that precedes the appearance
of more durable IgG antibodies. HE disease course is usually self-limiting; however, immuno-
compromised individuals can develop persistent chronic infections and are at risk for more
serious hepatic complications. Furthermore, pregnancy can pose unique risks when coinciding
with HEV infection, including higher rates of premature births, stillbirths and mortality.
Worldwide, HEV infection is mainly prevalent in Asia, Africa and Latin America, and can
occur either endemically or sporadically, though it is relatively uncommon outside developing
countries [3]. Among those populations at risk, the incidence of HE is higher among youth
than adults, with greater infection rates in men relative to women [4, 5]. Transmission routes
and geographic distribution of HEV typically stratify by genotypes [3]. The most predominant
forms of infections, types 1 and 2, occur via contaminated water sources through faecal-oral
routes, and are usually found in developing countries. In contrast, type 3 and 4 HEV infec-
tions, the predominant types found in the developed world, are thought to only be contracted
zoonotically, often the result from the consumption of contaminated sources of farm animal-
derived food products.

While these viral reservoirs supply the bulk of most HEV infections, HEV can also be trans-
mitted during blood transfusions [6]. Since the first reported transfusion-transmitted HEV
(TT-HEV) infection case in 2004 [7], more cases have successively been reported in Japan
[8, 9], France [10-14], the UK [15, 16], Germany [17] and Spain [18]. TT-HEV infections
are typically asymptomatic, similar to most cases of HEV infections that occur in developed
countries, and as such have historically been neglected [16]. Nevertheless, given the rising
trend of HEV serological prevalence among the general population (and by extension pro-
spective blood donors), and that TT-HEV infection can cause serious clinical consequences
especially among immunocompromised and pregnant patients, TT-HEV incidence has been
gradually receiving increased attention as an important public health problem in both devel-
oping and developed countries.


https://www.cambridge.org/hyg
https://doi.org/10.1017/S0950268820001429
https://doi.org/10.1017/S0950268820001429
mailto:xjb915@126.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-2087-5969

Evidence of transmission of HE through blood transfusion

Previous studies have shown a higher rate of anti-HEV immuno-
globulin (Ig)G positivity in patients who had received multiple
transfusions vs. those in the healthy control group [19-22], indir-
ectly indicating that transfusions, especially multiple transfusions,
may be a route for HEV transmission. Additionally, the transfu-
sion of human blood containing HEV into a macaque caused
HEV infection, also suggesting HEV may be transmitted through
blood [23]. However, the first direct evidence for TT-HEV infec-
tion from human-to-human blood transfusion was reported in
Japan [7], with cases successively reported in Japan [8, 9, 24],
France [10, 11] and the UK [15]. In all of these cases, the HEV
genomic sequence from the blood donor and patient matched
identically, thus confirming that the origin of the HEV infections
was from the blood donor and had been transmitted to the patient
from transfusion (see Box 1 for further details).

Detection of HEV infection

HEV can be detected either indirectly, by assaying serological
anti-HEV antibodies, or directly, by measuring HEV RNA or
HEV antigen levels in the blood. Each approach has a limited
time frame following diagnosis. The window for IgM detection
before seroconversion is 2-6 weeks following disease onset; at
this point, increasing alanine aminotransferase (ALT) activity
can be detected, which lasts for 6-9 months. The appearance of
IgG is usually delayed compared to IgM, but can last for many
years. Both HEV RNA and HEV capsid antigen levels peak
early in the disease and last ~4 weeks.

Serological antibody diagnosis

Commercial reagents include a traditional microplate ELISA
method and rapid immunochromatography. Anti-HEV IgM is a

Box 1 TT-HEV case study details
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marker for acute infection while anti-HEV IgG is a marker for
post-infection. The limit of detection (LoD) for most commercial
anti-HEV IgG is in the range of 0.25-2.5 IU/ml, though the more
sensitive detection commercial reagents (LoD: 0.25IU/ml) are
often used for studying HEV epidemiology.

Serological antigen diagnosis

HEV viraemia can also be diagnosed directly through an
ELISA-based capture assay of HEV capsid antigens. It has been
reported that the specificity of antigen detection is high, but the
sensitivity is poor, and the detection limit is 800-80 000 IU/ml
[25]. While HEV RNA detection is far more sensitive and consid-
ered the ‘gold-standard’, antigen capture is simpler, cheaper and
faster, and would be suitable for laboratories that lack other
molecular diagnostic equipment.

RNA detection and identification

Assaying HEV RNA directly, either from blood, faecal or other
bodily fluid samples, is considered to be the ‘gold-standard’ for
molecular diagnosis of HEV infection. HEV RNA is detected
and quantified using a nucleic acid test (NAT), which involves
isolation of RNA followed by amplification via primer-mediated
enzyme extension. Protocols vary in clinical setups, but generally
HEV RNA detection employs isothermal, single-step nucleic acid
amplification technologies, such as transcription-mediated ampli-
fication (TMA) or reverse-transcription loop-mediated isothermal
amplification to great success [26]. TMA, in particular, is well sui-
ted for high-throughput detection of HEV RNA from multiple
serum samples on a fully automated commercialised platform
[27]. These technologies are highly sensitive and robust, with
detection limits in the range of 7-801U/ml, and, given such,
can be extended beyond clinical diagnosis to more broad blood

Since the initial discovery of the HEV virus, the bulk of most HEV infections that were diagnosed among the general population occur from water/food-borne
contamination. Nevertheless, a small but significant proportion of cases of HEV transmission are known to occur from blood transfusions in patients that are
uniquely susceptible to some of the worst consequences of the disease. While several lines of evidence pointed to the potential for HEV infections deriving from
contaminated blood supplies [7-11, 15, 24], the first confirmatory evidence of direct donor-to-recipient transmission of HEV, as verified by RNA sequence
analysis, was reported in a patient in Hokkaido Japan in 2004 [7]. Since then, there have been several notable cases of TT-HEV infections reported worldwide,
underscoring the need for more prevalent testing procedures in blood banks. Details from these published case reports of definite TT-HEV infections are
summarised below:

The first bona fide TT-HEV infection was reported in Hokkaido, Japan, in 2004. After the male patient developed acute hepatitis after a blood transfusion
during his cardiac surgery, one of the blood donors was found to be infected with asymptomatic HEV. Although the donor had normal alanine
aminotransferase (ALT) activity and no travel history, he tested positive for HEV RNA levels. RNA sequencing of both the patient and donor showed they had
identical genotype 4 HEV viral genomic sequences [7].

In 2007, a patient with a T-cell lymphoma in Japan was diagnosed with an HEV infection lasting for 6 months. The patient received erythrocytes (RBCs) from 44
donors and platelets from 40 donors during chemotherapy. Subsequent investigation found that one of the RBC products was HEV type 3-positive [8].

In 2008, a patient in Japan with Hodgkin’s lymphoma was infected with HEV type 4 after an autologous bone marrow transplantation and adjuvant
transfusion therapy post-chemotherapy. Further studies showed that one blood donor had eaten pork at a barbecue with 13 relatives 23 days before his blood
donation, with the donor’s father having died from acute hepatitis E and six of his relatives testing positive for anti-HEV antibodies [9].

In 2004, another research group in Japan found that four patients having received ongoing haemodialysis tested positive for anti-HEV antibodies, and one of
them was confirmed to be infected with HEV type 3 from a blood transfusion [24].

In 2006, a potential source for multiple TT-HEV infections was reported in the UK. The donor did not have contact with pigs or pork, and had no travel history.
He had no symptoms when he donated blood, but had transient influenza symptoms and jaundice after the blood donation. Cancer patients receiving RBCs
from the donor during chemotherapy were confirmed to be infected with HEV type 3 [15].

In 2007, French doctors reported that a 7-year-old boy with kidney cancer, who had received concentrated RBCs and platelets from 22 blood donors after his
chemotherapy, was confirmed to be infected with HEV. The virus was found to have come from an asymptomatic donor of the HEV type 3f [10].

Another case from France was reported in 2012, where an 81-year-old man with heart disease and autoimmune thrombocytopaenia developed persistent liver
damage after treatment for his haematologic disorders. After 3 months of misdiagnosis (drug-induced hepatitis, autoimmune hepatitis and other
hepatitis-causing viruses were all eventually ruled out), he was finally correctly diagnosed as having contracted hepatitis from a TT-HEV infection from an HEV
type 3f [11].
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screening protocols. The primers used in diagnosis are designed
to target the conservative genomic regions of all the different
HEV genotypes, usually flanking the viral gene open reading
frame 3 (ORF3). However, identification of HEV RNA can also
be achieved by sequencing other conserved regions of the HEV
genome, such as ORF2 or OFR1, and are often used to identify
particular HEV genotypes/subtypes or to track the source of
infection by phylogenetic analysis.

Serological viraemic prevalence of HEV among global blood
donors

While HEV is not routinely screened during blood donation in
most countries unlike other viral pathogens, there have been
many prospective studies that have been conducted looking for
markers of HEV infection in serum samples from potential
blood donors, so as to assess the local risk for TT-HEV infection.
The rates for various markers of HEV infection, namely anti-HEV
IgG, anti-HEV IgM and HEV RNA positivity, are summarised in
Tables 1-3, respectively. Broadly speaking, the overall rates of
anti-HEV IgG reactivity among blood donors in Europe ranged
from 4.7% to 52.5%, in Australia 6.0%, in central Asia from
14.3% to 21.48% and in the USA 16.0% [28]. These define
three levels of prevalence: low (anti-HEV IgG <10%), medium
(anti-HEV IgG: 10-20%) and high (anti-HEV IgG >20%).
Taken as a whole, these results found that countries with a high
rate anti-HEV IgG reactivity, such as France, Germany and the
Netherlands, had a correspondingly higher prevalence of viraemia
when compared to countries with lower seroreactivities (compare
Tables 1 and 3). In these same countries, however, the rates of
detectable HEV viraemia varied and is likely due to the differing
NAT strategies adopted by each group: this can dramatically
impact detection limits, false-positive and false-negative rates,
statistical power, whether sampling was pooled or based on indi-
vidual donations, etc. For example, in France, differences in rates
of viraemia were observed when a pool of 96 samples was initially
adopted (a rate of 1/2218 donors) [29] than when compared to

Table 1. Rates of anti-HEV IgG positivity among blood donors worldwide

when an individual test mode was used (a rate of 1/744 donors)
[30] for similar regions. These studies also collectively found par-
ticular geographic distributions for TT-HEV genotypes: HEV
type 1 was found only in Asia and North Africa; HEV type 2
was found only in Mexico and South Africa; HEV type 3 was
found almost everywhere, in North and South America, Europe
and Asia; while type 4 was only reported for donors in Asia.

Recently, a comprehensive meta-analysis was published that
combined all anti-HEV IgG, IgM, HEV RNA and antigen-
positive rates among Chinese blood donors from 22 independent
studies [42]. The meta-analysis showed that the pooled positive
rates of IgG, IgM, HEV RNA and antigen in Chinese blood
donors were 29.2%, 1.1%, 0.1% and 0.1%, respectively, indicating
that China has a high risk of TT-HEV infection, which remained
steady from year to year. The anti-HEV IgG-positive rate differed
depending on the province in China: it was higher in the South
than the North, indicating that geographical region is an import-
ant factor affecting HEV infection, similar to previously published
data from other countries [72]. As with the report in France in
2011 [84], this study did not observe a significant association
between gender and prevalence of HEV infection, despite other
studies showing a gender bias for males having higher
anti-HEV IgG-positive rates [72]. Of note, the actual rate of
HEV RNA positivity in the Chinese blood donors might have
been an underestimate given that only those cases that were
counted in this meta-analysis were from Chinese blood donors
that were previously found to be positive for anti-HEV IgM or
IgG antibodies which excluded those that did not score initially.
This likelihood is underscored by a previous study from France
in which 22 out of 24 cases from 53 234 blood donors that tested
positive for HEV RNA were found negative for anti-HEV IgG
and IgM [29].

Worldwide blood donation HEV screening strategies

The screening of HEV RNA among blood donors is currently
recognised as the only effective means to prevent TT-HEV

Low and medium prevalence 1gG-positive rate

High-prevalence IgG-positive rate

regions (%) Reference countries (%) Reference
England 12 [31] The Netherlands 20.9-31.0 [32-34]
Scotland 4.7 [35] France 22.4-23.6 [29, 36]
Ireland 5.3 [37] Germany 29.5 [38]
Serbia 15 [39] Poland 435 [40]
Switzerland 4.9 [41] China 29.2 [42]
Austria 135 [43]

Spain 19.9 [44]

Spain 8.7-17.4 [45, 46]

USA 10.7-12.3 [47, 48]

Australia 6.0 [49]

New Zealand 4.0-9.7 [50, 51]

Fiji 2.0 (52]

Saudi Arabia 18.7 [53]

India 17.70 [54]




Table 2. Rates of anti-HEV IgM positivity among blood donors worldwide.
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Region Year Sample size Positive rate (%) Assay used Reference
USA 2015 5040 0.67 Wantai ELISA [48]

2.90 DSI ELISA

1.85 MP Biomedical ELISA
Denmark 2008 491 20.6 In-house ELISA [55]
Denmark 2015 504 10.7 In-house ELISA [56]
Denmark 2015 504 19.8 Wantai ELISA [56]
Sweden 2006 108 9.3 Abbott ELISA [57]
Norway 2016 1200 14 In-house ELISA [58]
England 2008 500 16-25 Genelabs ELISA [59]
Scotland 2013 1559 4.7 Wantai ELISA [35]
Wales 2011 262 10 Wantai ELISA [31]
The Netherlands 2011 1275 0.4 Abbott ELISA [32]
Austria 2015 1203 13.3 Wantai ELSA [43]
Germany 2012 336 5.94 MP Biomedical ELISA confirmed by Mikrogen immunoblot [38]
Germany 2013 1019 6.8 Mikrogen ELISA confirmed by Mikrogen immunoblot [60, 61]
Germany 2011 116 15.5 Mikrogen immunoblot [61]
France 2007 1998 3.2 Genelabs ELISA [62]
France 2008 529 16.6 Genelabs ELISA [63]
Switzerland 2011 550 49 MP Biomedical ELISA [41]
Italy 2016 10011 0.4 Wantai ELISA [46]
Italy 2014 805 13 Dia.Pro ELISA [64]
Italy 2014 3013 49 Wantai ELISA [65]
Spain 2012 2305 2.7 Dia.Pro ELISA [66]
Portugal 1998 50 4 Abbott ELISA [67]
Serbia 2014 200 15 In-house ELISA [39]
Poland 2015 3079 1.3 Wantai ELISA [40]
Japan 2010 12 600 34 In-house ELISA [68]
North Thailand 1996 663 8.7 Anogen ELISA [69]
KSA Jeddah 1998 593 16.9 Bioelisa ELISA [70]
KSA Makkah 2009 900 18.7 Bioelisa ELISA [53]
Qatar 2017 5854 20.5 Qanti ELISA [71]
India 2017 2447 0.2 In-house ELISA [54]
New Zealand 2018 1013 9.7 Wantai ELISA [51]

8.1 MP Biomedical ELISA
China 2014 10741 27.42 Wantai ELISA [72]

ELISA, enzyme-linked immunosorbent assay; DSI, Diagnostic Systems Incorporated; MP, MP Biomedicals.

infection. This is because risk factor assessment of blood donors
before donation is not effective for HEV, since all donors are con-
sidered to be at risk due to dietary factors [36, 85], and existing
blood virus inactivation techniques have been shown to be inef-
fective for HEV [13]. Ireland, the UK, France, the Netherlands,
Germany, Spain, Austria, Luxembourg [26], Switzerland [86]
and Japan [87] have all implemented screening protocols to
deal with TT-HEV, with several other countries following suit
[26]. Nevertheless, there remains a wide range of views on the

necessity for government-mandated HEV donor screening pro-
grammes given the myriad factors impacting screening strategy,
such as the prevalence of HEV in the region, cost-benefit of
screening, health resource availability, etc. For example, after a
cost-benefit analysis on the HEV blood donation screening strat-
egy currently used in the Netherlands, researchers concluded that
the cost of preventing TT-HEV through blood screening was not
excessively high compared to other blood screening programmes;
however, considering that only a small number of HEV infections
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Table 3. Rates of HEV RNA positivity among blood donors worldwide

Region Year Sample size RNA ratio Assay used Reference
England 2011 42000 1:7000 RT-PCR (mini plasma pool of 48 samples) [73]
England 2014 22 500 1:2848 RT-PCR (mini plasma pool of 24 samples) [16]
Scotland 2013 43560 1: 14520 Nested PCR (mini plasma pool of 12 samples) [35]
Ireland 2016 24985 1:4997 Procleix TMA (individual samples) [37]
Germany 2011 18100 1:4525 RT-PCR (mini plasma pool of 96 samples) [74]
Germany 2011 16125 1:1241 RT-PCR (mini plasma pool of 48 samples) [38]
Austria 2015 58915 1:8416 RT-PCR (mini plasma pool of 96 samples) [43]
The Netherlands 2011 45415 1:2672 RT-PCR (mini plasma pool of 48 samples) [32]
Sweden 2011 95835 1:796 RT-PCR (mini plasma pool of 96 samples) [74]
France 2012 53234 1:2218 RT-PCR (mini plasma pool of 48 samples) [29]
Southern France 2015 591 1:3353 RT-PCRa [75]
Spain 2013 9998 1:3333 Procleix TMA (individual samples) [44]
Serbia 2014 200 0 RT-PCR (individual samples) [39]
Central Italy 2016 313 1:157 RT-PCR (mini plasma pool of 10 samples) [65]
Italy 2018 10011 0 Different methodological approaches b [46]
Poland 2015 12 664 1:2109 TMA [40]
Russia 2014 - 0 Real-time RT-PCR and nested PCR [76]
us 2011 51075 0 RT-PCR (mini plasma pool of 96 samples) [74]
Brazil 2015 300 0 Nested PCR (HEV IgM-positive samples only) [77]
Egypt 2011 760 1:375 RT-PCR (HEV IgM-positive samples only) [78]
Qatar 2017 5854 1:1463 RT-PCR (HEV IgM-positive samples only) [71]
Iran 2016 700 1:100 RT-PCR (HEV IgM/IgG-positive samples only) [79]
Japan 2016 620 140 1:15,075 RT-PCR (mini plasma pool of 50 samples) [80]
Thailand 2015 30155 1:1158 RT-PCR (mini plasma pool of 6 samples) [81]
India 2017 2447 1:1223 Nested RT-PCR (HEV IgM-positive samples only) [54]
Kashmir India 2004 145 1:27 Nested RT-PCR (individual samples) [20]
Australia 2016 74131 1:74,131 TMA (mini plasma pool of 6 samples) [82]
Australia 2016 14799 1:14,799 Procleix TMA (individual samples) [83]
New Zealand 2018 5000 0 RT-PCR [51]
China 2014 139 4:139 RT-PCR (HEV IgM/antigen-positive samples only) [72]

“HEV RNA was tested in 99 HEV IgM-positive samples and 492 randomly selected IgM-negative specimens, independent of IgG status.
bThe anti-HEV IgG-positive samples were tested by in-house PCR (mini plasma pool of 2-3 samples), and the anti-HEV IgG-negative samples were tested by RealStar RT-PCR (mini plasma
pool of 10 samples); all of the anti-HEV IgM-positive samples were tested by RealStar RT-PCR (individual samples). TMA, transcription-mediated amplification.

are due to blood transfusions, the overall impact on preventing
HEV spread would be small [88]. Meanwhile, in the USA and
Canada, a similar study concluded that HEV blood screening
would not be necessary because HEV prevalence in North
America is far lower than in most other developed countries,
meaning that the cost to implement would be expensive for little
benefit [89]. A similar conclusion was reached for both Denmark
and Sweden after evaluation of the prevalence of HEV RNA in
their respective blood donation systems [74, 90].

Universal vs. selective HEV screening

HEV screening strategies can be broadly classified into the follow-
ing two types: universal screening of all blood donors (used in

Ireland, the UK and the Netherlands) and selective screening
(used in France, Austria and Luxembourg). A selective screening
strategy refers to the screening of blood donation supplies only for
patients that are deemed at a high risk of developing complica-
tions from TT-HEV. Although the selective screening strategy
in principle may seem to be more cost-effective than a universal
screening strategy due to its more limited use, in practice it can
be more difficult to effectively implement. First, determining
which patients constitute a ‘high risk’ for HEV infection is cur-
rently problematic given the lack of a standard of definition for
what constitutes ‘high risk’. Conventionally, ‘high-risk’ patients
were deemed those that were immunocompromised (transplant
patients, HIV patients, cancer patients undergoing chemotherapy,
etc.) in addition to pregnant women and the elderly; however,



there is some debate as to whether to include patients with
rheumatoid arthritis and other rheumatoid diseases who receive
immunosuppressive drugs too. Second, blood transfusions are
often needed during emergency situations, and on-demand
screening for HEV in blood supplies for a ‘high-risk’ patient
will likely be impossible to perform under such time constraints.
Third, there is still a lot of debate as to whether HEV screening
may be necessary even for immunocompetent patients.
Although most immunocompetent patients that contract
TT-HEV infections are typically subclinical in presentation,
acute HEV infection and complications have been reported for
some [91-93]. Fourth, selective screening often incurs increased
cost logistics, as this creates two separate blood banks (HEV
screened and unscreened) which necessitates greater manpower,
material resources for classified storage and management, as
well as increased risk of waste from letting unused supplies expire.

ID-NAT vs. MP-NAT as HEV screening protocols

Currently, there is no universally adopted standard for choosing
between individual donation (ID)-NAT or mini-pool
(MP)-NAT protocols when screening for HEV in blood supplies,
and thus practices vary widely across laboratories worldwide.
While the sensitivity of ID-NAT is obviously higher than that
of MP-NAT, the cost of implementation can make ID-NAT pro-
hibitive for large-scale blood screening programmes. Even with
the inherent trade-off of cost vs. sensitivity, the main issue for
selecting a screening protocol is the lack of accurate data regarding
the minimum virus load (VL) of which TT-HEV infection can
occur [16, 26], and this can vary across different blood products
and sources for a variety of reasons. For example, while all
types of blood products can be a source for TT-HEV infections,
Dreier et al. [94] recently concluded that having more plasma
components carries a higher risk of transmission. Thus, products
with lower plasma volume components (such as red blood cells
and platelets) are less likely to transmit HEV compared to pro-
ducts with high plasma volume components (such as fresh frozen
plasma). They also reported that the median infectious dose
resulting in HEV infection was 520 000 IU, irrespective of the
immune status of the recipient. When combined with data from
Tedder et al. [85] that could not detect a TT-HEV infection in
recipients from donor samples with >19 000 IU, this means that
the minimum VL is likely between these extremes with the actual
value tilting closer to that latter’s estimates.

But perhaps the biggest hurdle towards achieving a reliable
minimum VL for TT-HEV is that quantification of HEV RNA
levels is subject to the detection limit of the analysis system
being used. Two recent studies have published that the detection
limits for two commonly used commercially available systems for
measuring HEV RNA in serum, an MP-96 protocol using the
RealStar RT-PCR HEV kit and the MP-24-based protocol using
the Cobas HEV assay, were 4521U/ml (95% LoD 4.7 IU/ml)
and 446.41U/ml (95% LoD 18.61U/ml), for single donors,
respectively [95, 96]. While generally impressive, for standard
routine testing of blood banks, where detectable HEV viraemia
in pooled sample testing is often considerably lower than from
serum samples from patients with acute infection, this sensitivity
might be inadequate. For example, multiple reports from HEV
testing of blood donor samples out of Ireland showed that 59% of
HEV-reactive samples had a VL of <450 IU/ml [26, 37, 97, 98],
making them lower than the detection limits for either the
RealStar or Cobas HEV assays, and thus would have been deemed
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as false-negative. Moreover, detection limits can vary even within
the same sample, depending on whether ID-NAT or MP-NAT is
used. Vollmer et al. [95] compared the results of MP-96-NAT
with a detection limit of 447.41U/ml (95% LoD 4.661U/ml
using the RealStar HEV RT-PCR assay) to ID-NAT (95% LoD
11.71 IU/ml using the Cobas HEV assay) in a German blood
donor cohort. It was found that the rate of ID-NAT positivity
was about 50% higher than that of MP-96-NAT. Nevertheless,
the VL for most of the positive samples was lower than 25U/
ml which would not normally cause TT-HEV, and thus, it was
suggested that there was no added benefit to implement
ID-NAT over MP-NAT-96 in screening German blood donation.

Finally, it should be noted that although the burden of disease
from blood products with a low VL appears to be small (especially
for immunocompetent patients), low-VL blood products can still
lead to TT-HEV. A case from Germany [17] was reported where a
possible TT-HEV derived infection that occurred in an immuno-
competent patient who accepted an apheresis platelet transfusion
from a single donor at levels that would have normally been
deemed below the minimum VL (1201U/ml HEV RNA/ml
plasma; infectious dose of 8892 IU). This suggests that we should
probably re-evaluate what the lower VL threshold is for TT-HEV
in blood products for transfusion safety and disease burden over-
all, to better guide standard screening practices.

Summary and outlook

As the global incidence of HE continues to rise, medical author-
ities are finally coming around to acknowledging the growing
importance of HEV infection as a public health concern. In
2011, China’s State Food and Drug Administration (SFDA)
approved the first HEV-specific preventive vaccine. All of the clin-
ical studies using Hecolin (HE vaccine produced in Escherichia
coli (E. coli); Xiamen Innovax Biotech, China) were conducted
in China, and the results showed that the vaccine was effective
against genotypes 1 and 4 [99]. However, as of yet there are no
clinical trial data regarding the effectiveness of Hecolin among
high-risk populations nor of its effectiveness against type 3
HEV, the more common genotype among developed countries
outside of Asia. Moreover, the World Health Organization’s
Global Advisory Committee on Vaccine Safety has recommended
that a Phase IV post-marketing study should be carried out to fur-
ther evaluate its safety before widespread implementation. While
vaccination remains an important stalwart in combatting HEV
infection more broadly, it would seem rather limited as an
approach towards preventing the transmission of HEV among
blood transfusion patients. Pathogen inactivation methods are
considered to be the best means towards eliminating viral con-
tamination of blood products, but current techniques are ineffect-
ive for HEV. Until newer blood treatment techniques are
developed, there appears to be no better way to prevent
TT-HEV infection other than by screening for HEV in blood
donation products. It is perhaps not surprising that global experts
disagree on the necessity and urgency of introducing HEV screen-
ing in blood donors, given its complexity in implementation,
cost-benefit considerations and few large-scale studies.
However, the overarching reason that limits widespread adoption
of HEV screening in blood donation is how rare TT-HEV infec-
tions are among patients. First, the spread of HEV is far more
likely to have happened from a contaminated food or water source
than from blood transfusion. Second, reports of TT-HEV infec-
tions remain scarce in the literature. This, however, is likely a
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gross underestimation of incidence, given the often asymptomatic
outcome of infection and the lack of routine HEV screening,
which, collectively, reinforce the assumption of the rarity of
TT-HEV infections.

Going forward, the primary solution towards preventing HE
will be to monitor and break the faecal-oral transmission route
of HEV transmission, a laborious task that will require a cam-
paign of greater awareness among the general population.
Secondarily to that, food inspection should be enhanced, particu-
larly during processing, packaging and preparation, e.g. through
the promotion of hygienic diets (limiting raw meat), controlling
animal farm waste runoff into irrigation water reservoirs, etc. At
the same time, the implementation of HEV blood screening is
an effective and feasible preventive measure, albeit its cost-
effectiveness will need to be assessed on a regional and
population-specific basis. The hope is that the near future will
bring the continued development of more effective vaccines and
improved pathogen inactivation technologies that will radically
alter how we manage and constrain the spread of HEV infection.

Author contributions.

B.H., funding acquisition, writing — original draft preparation; Y.R., writing — original
draft preparation; W.C.C., writing — review and editing; X.J.B., supervision, funding
acquisition, writing - review and editing.

Funding. This research was funded by the Health Commission of Hubei
Province scientific research project WJ2019H342.q

Conflict of interest. The authors declare no conflict of interest.

Data availability. All data described in this review are from previously pub-
lished papers and available from the cited references

References

1. Khuroo MS (1980) Study of an epidemic of non-A, non-B hepatitis.
Possibility of another human hepatitis virus distinct from post-transfusion
non-A, non-B type. American Journal of Medicine 68, 818-824.

2. Bradley DW et al. (1987) Enterically transmitted non-A, non-B hepatitis:
serial passage of disease in cynomolgus macaques and tamarins and recov-
ery of disease-associated 27- to 34-nm viruslike particles. Proceedings of
the National Academy of Sciences of the USA 84, 6277-6281.

3. Primadharsini PP, Nagashima S and Okamoto H (2019) Genetic vari-
ability and evolution of hepatitis E virus. Viruses 11, 456.

4. Aggarwal R and Hepatitis E (2011) Historical, contemporary and future
perspectives. Journal of Gastroenterology and Hepatology 26, 72-82.

5. Sharapov MB et al. (2009) Acute viral hepatitis morbidity and mortality
associated with hepatitis E virus infection: Uzbekistan surveillance data.
BMC Infectious Diseases 9, 35.

6. Geng Y and Wang Y (2016) Transmission of hepatitis E virus. Advances
in Experimental Medicine and Biology 948, 89-112.

7. https://www.japantimes.co.jp/news/2018/02/01/national/world-firstwomans-
death-linked-hepatitis-e-infection-blood-transfusion-japanesefacility/. Accessed
17 June 2019.

8. Tamura A et al. (2007) Persistent infection of hepatitis E virus transmit-
ted by blood transfusion in a patient with T-cell lymphoma. Hepatology
Research 37, 113-120.

9. Matsubayashi K et al. (2008) A case of transfusion-transmitted hepatitis E
caused by blood from a donor infected with hepatitis E virus via zoonotic
food-borne route. Transfusion 48, 1368-1375.

10. Colson P et al. (2007) Transfusion-associated hepatitis E, France.
Emerging Infectious Diseases 13, 648-649.

11. Haim-Boukobza S et al. (2012) Transfusion-transmitted hepatitis E in a
misleading context of autoimmunity and drug-induced toxicity. Journal of
Hepatology 57, 1374-1378.

12. Coilly A et al. (2013) Posttransplantation hepatitis E: transfusion-
transmitted hepatitis rising from the ashes. Transplantation 96, e4—e6.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

Hauser L et al. (2014) Hepatitis E transmission by transfusion of intercept
blood system-treated plasma. Blood 123, 796-797.

Mallet V et al. (2016) Transmission of hepatitis E virus by plasma
exchange: a case report. Annals of Internal Medicine 164, 851-852.
Boxall E et al. (2006) Transfusion-transmitted hepatitis E in a ‘nonhyper-
endemic’ country. Transfusion Medicine 16, 79-83.

Hewitt PE et al. (2014) Hepatitis E virus in blood components: a preva-
lence and transmission study in southeast England. Lancet 384, 1766-1773.
Huzly D et al. (2014) Transfusion-transmitted hepatitis E in Germany,
2013. Eurosurveillance 19, 20812.

Riveiro-Barciela M et al. (2017) Red blood cell transfusion-transmitted
acute hepatitis E in an immunocompetent subject in Europe: a case report.
Transfusion 57, 244-247.

Arankalle VA and Chobe LP (2000) Retrospective analysis of blood trans-
fusion recipients: evidence for post-transfusion hepatitis E. Vox Sanguinis
79, 72-74.

Khuroo MS, Kamili S and Yattoo GN (2004) Hepatitis E virus infection
may be transmitted through blood transfusions in an endemic area.
Journal of Gastroenterology and Hepatology 19, 778-784.

Kikuchi K et al. (2006) Prevalence of hepatitis E virus infection in regular
hemodialysis patients. Therapeutic Apheresis and Dialysis 10, 193-197.
Toyoda H et al. (2008) Prevalence of hepatitis E virus IgG antibody in
Japanese patients with hemophilia. Intervirology 51, 21-25.

Xia NS et al. (2004) Detection of hepatitis E virus on a blood donor and its
infectivity to rhesus monkey. Zhonghua Gan Zang Bing Za Zhi 12, 13-15.
Mitsui T et al. (2004) Prevalence of hepatitis E virus infection among
hemodialysis patients in Japan: evidence for infection with a genotype 3
HEV by blood transfusion. Journal of Medical Virology 74, 563-572.
Tremeaux P et al. (2016) Performance of an antigen assay for diagnosing acute
hepatitis E virus genotype 3 infection. Journal of Clinical Virology 79, 1-5.
Boland F et al. (2019) Blood donor screening for hepatitis E virus in
the European Union. Transfusion Medicine and Hemotherapy Offizielles
Organ der Deutschen Gesellschaft fiir Transfusionsmedizin und
Immunhdmatologie 46, 95-103.

Abravanel F et al. (2018) A fully automated system using transcription-
mediated amplification for the molecular diagnosis of hepatitis E virus
in human blood and faeces. Journal of Clinical Virology 105, 109-111.
Petrik J et al. (2016) Hepatitis E. Vox Sanguinis 110, 93-130.

Gallian P et al. (2014) Hepatitis E virus infections in blood donors,
France. Emerging Infectious Diseases 20, 1914-1917.

Gallian P et al. (2017) Comparison of hepatitis E virus nucleic acid test
screening platforms and RNA prevalence in French blood donors.
Transfusion 57, 223-224.

Beale MA et al. (2011) Is there evidence of recent hepatitis E virus infection
in English and North Welsh blood donors? Vox Sanguinis 100, 340-342.
Slot E et al. (2013) Silent hepatitis E virus infection in Dutch blood
donors, 2011 to 2012. Eurosurveillance 18, 20550.

Hogema BM et al. (2014) Past and present of hepatitis E in the
Netherlands. Transfusion 54, 3092-3096.

Mooij SH, Hogema BM and Tulen AD (2018) Risk factors for hepatitis
E virus seropositivity in Dutch blood donors. BMC Infectious Disease 18, 173.
Cleland A et al. (2013) Hepatitis E virus in Scottish blood donors. Vox
Sanguinis 105, 283-289.

Mansuy JM et al. (2016) A nationwide survey of hepatitis E viral infection
in French blood donors. Hepatology 63, 1145-1154.

O’Riordan J et al. (2016) Hepatitis E virus infection in the Irish blood
donor population. Transfusion 56, 2868-2876.

Vollmer T et al. (2012) Novel approach for detection of hepatitis E virus
infection in German blood donors. Journal of Medical Microbiology 50,
2708-2713.

Petrovic T et al. (2014) Prevalence of hepatitis E virus (HEV) antibodies
in Serbian blood donors. Journal of Infection in Developing Countries 8,
1322-1327.

Grabarczyk P et al. (2018) Molecular and serological infection marker
screening in blood donors indicates high endemicity of hepatitis E virus
in Poland. Transfusion 58, 1245-1253.

Kaufmann A et al. (2011) Hepatitis E virus seroprevalence among blood
donors in southwest Switzerland. PLoS ONE 6, €21150.


https://www.japantimes.co.jp/news/2018/02/01/national/world-firstwomans-death-linked-hepatitis-e-infection-blood-transfusion-japanesefacility/
https://www.japantimes.co.jp/news/2018/02/01/national/world-firstwomans-death-linked-hepatitis-e-infection-blood-transfusion-japanesefacility/
https://www.japantimes.co.jp/news/2018/02/01/national/world-firstwomans-death-linked-hepatitis-e-infection-blood-transfusion-japanesefacility/

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Wang M et al. (2016) Acute, recent and past HEV infection among
voluntary blood donors in China: a systematic review and meta-analysis.
PLoS ONE 11, e0161089.

Fischer C et al. (2015) Seroprevalence and incidence of hepatitis E in
blood donors in Upper Austria. PLoS ONE 10, e0119576.

Sauleda S et al. (2015) Seroprevalence of hepatitis E virus (HEV) and
detection of HEV RNA with a transcription-mediated amplification
assay in blood donors from Catalonia (Spain). Transfusion 55, 972-979.
Galli C et al. (2017) Seroprevalence of hepatitis E virus among blood
donors in northern Italy (Sondrio, Lombardy) determined by three
different assays. Blood Transfusion 15, 502-505.

Spada E et al. (2018) A nationwide retrospective study on prevalence of
hepatitis E virus infection in Italian blood donors. Blood Transfusion 16,
413-421.

Xu C et al. (2013) An assessment of hepatitis E virus (HEV) in US blood
donors and recipients: no detectable HEV RNA in 1939 donors tested
and no evidence for HEV transmission to 362 prospectively followed
recipients. Transfusion 53, 2505-2511.

Zafrullah M et al. (2018) Disparities in detection of antibodies against
hepatitis E virus in US blood donor samples using commercial assays.
Transfusion 58, 1254-1263.

Shrestha AC et al. (2014) Hepatitis E virus and implications for blood
supply safety, Australia. Emerging Infectious Diseases 20, 1940-1942.
Dalton HR et al. (2007) Autochthonous hepatitis E in southwest England.
Journal of Viral Hepatitis 14, 304-309.

Hewitt J et al. (2018) Prevalence of hepatitis E virus antibodies and infec-
tion in New Zealand blood donors. Australian and New Zealand Journal
of Medicine 131, 38-43.

Halliday JS et al. (2014) Hepatitis E virus infection, Papua New Guinea,
Fiji, and Kiribati, 2003-2005. Emerging Infectious Diseases 20, 1057-1058.
Johargy AK et al. (2013) Anti hepatitis E virus seropositivity in a group of
male blood donors in Makkah, Saudi Arabia. Journal of the Pakistan
Medical Association 63, 185-189.

Tripathy AS et al. (2019) Hepatitis E virus seroprevalence among blood
donors in Pune, India. Journal of Medical Virology 91, 813-819.
Christensen PB et al. (2008) Time trend of the prevalence of hepatitis
E antibodies among farmers and blood donors: a potential zoonosis in
Denmark. Clinical Infectious Disease 47, 1026-1031.

Holm DK et al. (2015) Declining prevalence of hepatitis E antibodies
among Danish blood donors. Transfusion 55, 1662-1667.

Olsen B et al. (2006) Unexpected high prevalence of IgG-antibodies to
hepatitis E virus in Swedish pig farmers and controls. Scandinavian
Journal of Infectious Diseases 38, 55-58.

Lange H et al. (2017) Hepatitis E in Norway: seroprevalence in humans
and swine. Epidemiology and Infection 145, 181-186.

Dalton HR et al. (2008) Autochthonous hepatitis E in Southwest England: nat-
ural history, complications and seasonal variation, and hepatitis E virus IgG
seroprevalence in blood donors, the elderly and patients with chronic liver dis-
ease. European Journal of Gastroenterology and Hepatology 20, 784-790.
Juhl D et al. (2014) Seroprevalence and incidence of hepatitis E virus
infection in German blood donors. Transfusion 54, 49-56.

Krumbholz A et al. (2012) Prevalence of hepatitis E virus-specific
antibodies in humans with occupational exposure to pigs. Medical
Microbiology and Immunology 201, 239-244.

Boutrouille A et al. (2007) Prevalence of anti-hepatitis E virus antibodies
in French blood donors. Journal of Medical Microbiology 45, 2009-2010.
Mansuy JM et al. (2008) High prevalence of anti-hepatitis E virus anti-
bodies in blood donors from South West France. Journal of Medical
Virology 80, 289-293.

Scotto G et al. (2014) Epidemiological and clinical features of HEV
infection: a survey in the district of Foggia (Apulia, southern Italy).
Epidemiology and Infection 142, 287-294.

Lucarelli C et al. (2016) High prevalence of anti-hepatitis E virus
antibodies among blood donors in central Italy, February to March
2014. Eurosurveillance 21, 1-10.

Fogeda M, Avellon A and Echevarria JM (2012) Prevalence of specific
antibody to hepatitis E virus in the general population of the community
of Madrid, Spain. Journal of Medical Virology 84, 71-74.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Hao Bi et al.

Macedo G et al. (1998) The first assessment of hepatitis E virus seropreva-
lence in northern Portugal. Acta Medica Portuguesa 11, 1065-1068.
Takeda H et al. (2010) A nationwide survey for prevalence of hepatitis
E virus antibody in qualified blood donors in Japan. Vox Sanguinis 99,
307-313.

Poovorawan Y et al. (1996) Prevalence of hepatitis E virus infection in
Thailand. Annals of Tropical Medicine and Parasitology 90, 189-196.
Abdelaal M et al. (1998) Epidemiology of hepatitis E virus in male
blood donors in Jeddah, Saudi Arabia. Irish Journal of Medical Science
167, 94-96.

Nasrallah GK et al. (2017) Seroprevalence of hepatitis E virus among
blood donors in Qatar (2013-2016). Transfusion 57, 1801-1807.

Ren F et al. (2014) Hepatitis E virus seroprevalence and molecular study
among blood donors in China. Transfusion 54(3 Pt 2), 910-917.

Ijaz S et al. (2012) Detection of hepatitis E virus RNA in plasma mini-
pools from blood donors in England. Vox Sanguinis 102, 272.

Baylis SA et al. (2012) Occurrence of hepatitis E virus RNA in plasma
donations from Sweden, Germany and the United States. Vox Sanguinis
103, 89-90.

Mansuy JM et al. (2015) Seroprevalence in blood donors reveals wide-
spread, multi-source exposure to hepatitis E virus, southern France,
October 2011. Eurosurveillance 20, 27-34.

Voronina OL et al. (2014) Search for RNA of the hepatitis E virus autoch-
thonous for Russia in the most likely infection sources. Molekuliarnaia
Genetika, Mikrobiologiia i Virusologiia 3, 29-34.

Passos-Castilho AM et al. (2016) High prevalence of hepatitis E virus
antibodies among blood donors in Southern Brazil. Journal of Medical
Virology 88, 361-364.

Ibrahim EH et al. (2011) Prevalence of anti-HEV IgM among blood
donors in Egypt. Egypt Journal of Immunology 18, 47-58.

Parsa R et al. (2016) Detection of hepatitis E virus genotype 1 among
blood donors from southwest of Iran. Hepatitis Monthly 16, €34202.
Minagi T et al. (2016) Hepatitis E virus in donor plasma collected in
Japan. Vox Sanguinis 111, 242-246.

Intharasongkroh D et al. (2019) Hepatitis E virus infection in Thai blood
donors. Transfusion 59, 1035-1043.

Hoad VC and Seed CR (2017) Hepatitis E virus RNA in Australian blood
donors: prevalence and risk assessment. Vox Sanguinis 112, 614-621.
Shrestha AC et al. (2016) Hepatitis E virus RNA in Australian blood
donations. Transfusion 56, 3086-3093.

Mansuy JM et al. (2011) Hepatitis E virus antibodies in blood donors,
France. Emerging Infectious Diseases 17, 2309-2312.

Tedder RS et al. (2016) Virology, serology, and demography of hepatitis
E viremic blood donors in South East England. Transfusion 56, 1529-1536.
Niederhauser C et al. (2018) Current hepatitis E virus seroprevalence in
Swiss blood donors and apparent decline from 1997 to 2016.
Eurosurveillance 23, 1-10.

Matsubayashi K, Sakata H and Ikeda H (2011) Hepatitis E infection and
blood transfusion in Japan. ISBT Science Series 6, 344-349.

de Vos AS et al. (2017) Cost-effectiveness of the screening of blood dona-
tions for hepatitis E virus in the Netherlands. Transfusion 57, 258-266.
Delage G et al. (2019) Hepatitis E virus infection in blood donors and risk
to patients in the United States and Canada. Transfusion Medicine Reviews
33, 139-145.

Harritshoj LH et al. (2016) Low transfusion transmission of hepatitis
E among 25,637 single-donation, nucleic acid-tested blood donors.
Transfusion 56, 2225-2232.

Riveiro-Barciela M et al. (2018) Thrombotic thrombocytopenic purpura
relapse induced by acute hepatitis E transmitted by cryosupernatant plasma
and successfully controlled with ribavirin. Transfusion 58, 2501-2505.
Grewal P, Kamili S and Motamed D (2014) Chronic hepatitis E in an
immunocompetent patient: a case report. Hepatology 59, 347-348.
Loyrion E et al. (2017) Hepatitis E virus infection after platelet transfu-
sion in an immunocompetent trauma patient. Emerging Infectious
Diseases 23, 146-147.

Dreier J, Knabbe C and Vollmer T (2018) Transfusion-transmitted hepa-
titis E: NAT screening of blood donations and infectious dose. Frontiers in
Medicine 5, 5.



Epidemiology and Infection 9

95. Vollmer T et al. (2019) Hepatitis E virus blood donor NAT 97. Domanovic D et al. (2017) Hepatitis E and blood donation safety in selected

screening: as much as possible or as much as needed? Transfusion 59, European countries: a shift to screening? Eurosurveillance 22, 30514.
612-622. 98. Hickey C et al. (2016) Hepatitis E virus (HEV) infection in Ireland. Irish
96. Westholter D et al. (2018) HEV-positive blood donations represent a Journal of Medical Science 109, 451.

relevant infection risk for immunosuppressed recipients. Journal of  99. Wu T et al. (2012) Hepatitis E vaccine development: a 14 year odyssey.
Hepatology 69, 36-42. Human Vaccines & Immunotherapeutics 8, 823-827.



	Hepatitis E virus and blood transfusion safety
	Introduction
	Evidence of transmission of HE through blood transfusion
	Detection of HEV infection
	Serological antibody diagnosis
	Serological antigen diagnosis
	RNA detection and identification

	Serological viraemic prevalence of HEV among global blood donors
	Worldwide blood donation HEV screening strategies
	Universal vs. selective HEV screening
	ID-NAT vs. MP-NAT as HEV screening protocols

	Summary and outlook
	References


