@‘ healthcare

Review

Towards the Improved Accuracy of Hepatitis E Diagnosis in
Vulnerable and Target Groups: A Global Perspective on the
Current State of Knowledge and the Implications for Practice

Jasminka Talapko 1, Tomislav Mestrovi¢ >3, Emina Pustijanac  and Ivana Skrlec 1*

check for

updates
Citation: Talapko, J.; Mestrovi¢, T.;
Pustijanac, E.; Skrlec, 1. Towards the
Improved Accuracy of Hepatitis E
Diagnosis in Vulnerable and Target
Groups: A Global Perspective on the
Current State of Knowledge and the
Implications for Practice. Healthcare
2021, 9, 133. https://doi.org/
10.3390/healthcare9020133

Academic Editor:
Abdel-Latif Mohamed
Received: 21 December 2020
Accepted: 26 January 2021
Published: 29 January 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Faculty of Dental Medicine and Health, Josip Juraj Strossmayer University of Osijek,

HR-31000 Osijek, Croatia; jtalapko@fdmz.hr

University Centre Varazdin, University North, HR-42000 Varazdin, Croatia; tmestrovic@unin.hr
Clinical Microbiology and Parasitology Unit, Dr. Zora Profozi¢ Polyclinic, HR-10000 Zagreb, Croatia
Faculty of Natural Sciences, Juraj Dobrila University of Pula, HR-52100 Pula, Croatia;
emina.pustijanac@unipu.hr

Correspondence: iskrlec@fdmz.hr

Abstract: The hepatitis E virus (HEV) is a positive single-stranded, icosahedral, quasi-enveloped
RNA virus in the genus Orthohepevirus of the family Hepeviridae. Orthohepevirus A is the most
numerous species of the genus Orthohepevirus and consists of eight different HEV genotypes that can
cause infection in humans. HEV is a pathogen transmitted via the fecal-oral route, most commonly
by consuming fecally contaminated water. A particular danger is the HEV-1 genotype, which poses
a very high risk of vertical transmission from the mother to the fetus. Several outbreaks caused by
this genotype have been reported, resulting in many premature births, abortions, and also neonatal
and maternal deaths. Genotype 3 is more prevalent in Europe; however, due to the openness of
the market, i.e., trade-in animals which represent a natural reservoir of HEV (such as pigs), there is
a possibility of spreading HEV infections outside endemic areas. This problem is indeed global
and requires increased hygiene measures in endemic areas, which entails special care for pregnant
women in both endemic and non-endemic regions. As already highlighted, pregnant women could
have significant health consequences due to the untimely diagnosis of HEV infection; hence, this is
a population that should be targeted with a specific combination of testing approaches to ensure
optimal specificity and sensitivity. Until we advance from predominantly supportive treatment in
pregnancy and appraise the safety and efficacy of a HEV vaccine in this population, such screening
approaches represent the mainstay of our public health endeavors.
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1. Introduction

Hepatitis E virus (HEV) is a positive single-stranded, small, quasi-enveloped RNA
virus. It is the only member of the genus Orthohepevirus of the family Hepeviridae [1,2].
Orthohepevirus A is the largest species of the genus Orthohepevirus and consists of eight
different genotypes of HEV that can cause infection in humans (HEV-1, 2, 3, 4, and 7),
rabbits (HEV-3), pigs (HEV-3 and 4), boars (HEV-3, 4, 5, and 6), deer (HEV-3), mongoose
(HEV-3), camel (HEV-7 and HEV-8), and yak (HEV-4) [3,4], as shown in Table 1.

In northern India, during the 1978 hepatitis epidemic, the hepatitis E virus was first
identified in the Kashmir Valley. In that specific outbreak there were 5200 cases of hepatitis,
resulting in 17,000 deaths [5].
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Table 1. Classification of hepatitis E virus (HEV).

Genus Orthohepevirus
Family Hepeviridae
Species A,B,C,D
Genotypes 1,2,34,5,6,7,8
Virion 32-34 nm, icosahedral
Envelope quasi-enveloped
Genome single-stranded, positive-sense, linear RNA
Genome size 7.2 kb
Sensitivity Inactivation at temperatures above 70 °C

The structure of the HEV genome was thoroughly studied in 1991. The RNA molecule
consists of 7200 positively directed nucleotides [6]. There are three main coding regions
whose protein products have not been thoroughly studied. It was also found that there
is a fourth coding region characteristic of the HEV-1 genotype [6-8]. The heparan sulfate
proteoglycan, HSC70 (heat shock cognate 70 kDa), allows HEV to enter the cell. Other
specific, but insufficiently studied, receptors and co-receptors are also crucial for entering
the cell. The process of releasing, transcribing, and translating HEV RNA, as well as the
assemblage of new virions, occurs in the cytoplasm [6,9,10].

2. Molecular Biology of the Hepatitis E Virus

The hepatitis E virus genome is a single-stranded positive linear RNA 7.2 kb in
length [11-13]. HEV RNA consists of four open reading frames (ORF) and untranslated
regions at the 5" and 3’ ends. At the 5" end is a 7-methylguanosine cap and at the 3’ end is
a polyadenylated tail, just like eukaryotic messenger RNA (mRNA) [14,15], as shown in
Figure 1. During viral replication two viral RNA are generated: a full-length RNA of 7.2 kb
and subgenomic RNA of 2.2 kb [13,14].
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Figure 1. Hepatitis E virus genome organization. The genome is 7.2 kb positive-strand RNA with a 5’ 7-methylguanosine
cap (7 mG cap) and a 3’ polyadenylated tail (polyA). It harbors four open reading frames (ORF). ORF1 codes nonstructural
proteins, including a methyltransferase (MET), an RNA helicase (Hel), and an RNA-dependent RNA polymerase (RdRp),
as well as less well-characterized domains, such as the Y domain, a papain-like cysteine protease (PCP), a hypervariable
region (HVR), and the X domain. ORF2 and ORF3 encode the viral capsid and a small protein involved in virus secretion,
respectively, translated from a 2.2 kb subgenomic RNA generated during viral replication. The ORF4 is found in the HEV-1
genotype and codes protein enhanced viral replication.

ORF1 occupies about 2/3 of the genome and codes nonstructural proteins included
in viral RNA replication. These are methyltransferase (MET), X domain, helicase (Hel),
and RNA-dependent RNA polymerase (RdRp). The function of other domains such as
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the Y domain, papain-like cysteine protease (PCP), and hypervariable region (HVR) is still
undetermined [16,17].

OREF2 encodes for the capsid protein and has its role in HEV infection diagnostics
and vaccine development. It is a 72 kDa protein that is N-glycosylated in mammalian
cells [17,18].

OREF3 codes a small phosphoprotein (VP13) of 13 kDa and is phosphorylated at
serine residue [16,18]. The ORF2 and ORF3 proteins are the results of subgenomic RNA
translation [19].

ORF4 is unique to the HEV-1 genotype. It is entirely within ORF1 and overlaps with
the X domain and helicase. Transcription of ORF4 protein is controlled by an internal
ribosome entry site (IRES)-like RNA structure, and it plays a vital role in HEV RNA
polymerase’s proper functioning. The ORF4 protein promotes viral RdRp activity and viral
replication [14,18,20].

Hepatocytes are target cells where HEV replication takes place, as shown in Figure 2.
HEV binds to the cell membrane through interactions with heparan sulfate proteoglycans,
and enters the cell via clathrin-dependent endocytosis [21-23]. The virus genome is
released into the cytoplasm, where viral RNA replication ensues. Positive-strand genomic
RNA of 7.2 kb acts as messenger RNA for the translation of nonstructural ORF1 proteins.
Based on positive-strand genomic viral RNA, a negative-strand RNA is synthesized, which
subsequently serves as a template for synthesizing positive-strand 7.2 kb viral RNA and
2.2 kb subgenomic RNA [20,21,24]. Subgenomic RNA acts as a mRNA for the translation
of ORF2 and OREF3 proteins. Translation of the capsid proteins and phosphoproteins
occurs on the ribosomes of the host cell [1,19,23,24]. The next step is to assemble the
virus and release the newly produced virions. Packaging of the viral genome in the
capsid occurs spontaneously by the assembly of the non-glycosylated capsid proteins.
The formation of a quasi-enveloped particle involves the phosphorylation of the VP13
protein. Virion particles become intracellular vesicles by the interaction of VP13 proteins
with cell sorting host proteins. They are then released from the cell and can readily enter
the bloodstream [11,19-21,25].
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Figure 2. Hepatitis E virus life cycle consists of (1) attachment to heparan sulfate proteoglycans and entry to host cell;

(2) clathrin-dependent endocytosis; (3) release of the positive-strand RNA genome into the cytosol; (4) translation to produce

the ORF1 proteins; (5) replication via a negative-strand RNA mediator and synthesis of genomic and 2.2 kb subgenomic

RNAs; (6) translation of the subgenomic RNA to produce the ORF2 and ORF3 proteins; and (7) packaging, virion assembly,

and release of the newly formed virus.
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3. Epidemiology of HEV

HEV is a major global health problem in developing and developed countries and
is mostly zoonotic [11,26,27]. The World Health Organization (WHO) estimates that the
incidence of HEV infections is 20 million annually, leading to approximately 3.3 million
symptomatic cases of hepatitis E [28]. In 2015, it caused about 44,000 deaths, representing
3.3% of deaths due to viral hepatitis [28,29].

In the last two decades, the view that hepatitis E is a self-limiting tropical disease
without a significant presence in developed countries has been revised because HEV has
been found to circulate in Western countries [30,31]. It was noticed that HEV’s epidemi-
ology is more complicated than it was initially thought. Namely, there are two different
epidemiological forms of HEV [32-34]. Outbreaks of HEV-1 and HEV-2 occur periodically
in several regions of Asia, Africa, Mexico, and the Middle East due to floods causing
water supplies contamination with feces. The first HEV epidemic (1955-1956) infected
29,300 people in India [14,35,36]. In hyperendemic regions of the world, the infection is
caused by HEV genotypes 1 and 2, most often in young adults, and extremely severe forms
develop in pregnant women [17,37,38].

Genotype 1 causes infections in Asia (south, southeast, and central) and
North Africa [17,39]. Furthermore, the presence of the HEV-1 genotype was observed
in Cuba and Venezuela [32]. The HEV-1 genotype is a common cause of acute hepatitis
E in Europe, introduced by international travelers, mostly from Asia [32]. The HEV-2
genotype was first detected in an epidemic in Mexico but was later seen in African coun-
tries (Chad, Central African Republic, Egypt, Democratic Republic of Congo, Nigeria, and
Namibia) [40]. HEV-3 and HEV-4 infections are endemic in developed countries. They
are mainly transmitted from animals or occur due to consuming contaminated food, and
parenteral transmission via blood transfusion has been reported [11,13,41]. Genotype 3
is common among pigs worldwide, and they are a significant reservoir for human infec-
tions [13,42,43]. It has also been found in shellfish in Scotland and southern Italy [44].
Strains within genotype 4 are similar to genotype 3 [32], and they are widespread in South
and East Asia [13].

The prime reservoir of hepatitis E are domestic pigs and wild boars [44]. Infections
are more common in people over the age of 50, and recent studies have shown that
infections are more common in men than in women [13,45]. They cause sporadic acute
cases of hepatitis E in the United States, Europe, China, and Japan [40]. Genotypes 5 and 6
were recorded only in wild boars, and genotypes 7 and 8 were identified in camels and
camelids [6], as shown in Table 2.

It is estimated that HEV infections caused 70,000 deaths due to acute liver failure
and about 3000 stillbirths [17]. China is considered an endemic HEV region [46]. Contact
with cats and pigs, age, and soil exposure is associated with HEV infection; furthermore,
studies have shown a high prevalence of HEV and significant potential for HEV infection
transmission in pregnant women in China [47]. In the last ten years, more than 21,000 acute
clinical cases of hepatitis E have been reported in European countries, with 28 deaths. The
majority (80%) of patients are in Germany, France, and the United Kingdom [48]. The
prevalence of HEV antibodies in England was 13%, increased over the years, and reached
25% in individuals over 50 years of age. Based on the incidence assessment, it has been
proven that common risk factors still exist for acquiring HEV infection in all age groups in
England. Current estimates of HEV incidence revealed that the incidence did not differ
in different age groups [49]. Based on research conducted in England, excessive alcohol
consumption and diabetes have been observed among people with acute hepatitis E, which
are risk factors for liver fibrosis and steatosis [50].
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Table 2. Distribution of HEV genotypes.
HEV Genotype Host Endemic Regions
1 Human Asia, North Africa, Mexico, Middle East
2 Human Asia, North Africa, Mexico, Middle East
3 Human, rabbit, pig, mongoose Worldwide
4 Human, domestic pig, and South and East Asia, the United States,
wild boar Europe, China, and Japan
5 Wild boar Japan
6 Wild boar Japan
7 Camel Dubai
8 Camel Dubai, western China

Hepatitis E is a proven autochthonous zoonosis in Croatia caused by Orthohepevirus
A genotype 3 (HEV-3) [51]. In Croatia, a seroprevalence of 32.94% in domestic pigs was
found in 11 of 14 counties. With seropositive wild boars found in six of the 16 counties,
the seroprevalence was 31.10%. The highest seroprevalence was found in Vukovar-Srijem
and Osijek-Baranja counties (eastern Croatia), where pig breeding dominates and where
wild boars” highest density was recorded [52,53]. It has been proven that all detected HEV
strains in Croatia are genetically closely related to strains found in humans and/or animals
from other European countries. All of the above indicates that live animals’ trafficking or
the wild boars” movement increases HEV infection risk [54].

4. HEV Infections in Pregnant Women

The first symptomatic cases of HEV infections in pregnant women were reported in
Nepal in 1987. New infection cases have been reported in developing countries in refugee
camps (Kenya, Somalia, Uganda, and Sudan) [55].

There is growing evidence that HEV is an essential factor in maternal morbidity and
mortality in South Asia, mostly if infection occurs in the third trimester with genotype 1 [5].
A high rate of IgG anti-HEV seroprevalence was found in pregnant women in Addis Ababa,
Ethiopia [56]. In endemic regions and sub-Saharan Africa and South Asia, mortality among
pregnant women is often 30% or higher. HEV infection in pregnant women often leads to
infant mortality or premature birth [5,57,58]. Delhi’s post-epidemic study found that HEV
infection during pregnancy resulted in stillbirths, neonatal death, or miscarriage in 56% of
cases [56].

The possibility of complications resulting from HEV infection during pregnancy de-
pends on several factors, such as viral load, virus genotype, hormonal factors, and immune
status [59,60]. Hepatitis E virus infection during pregnancy can be transmitted vertically
from mother to child. It can have severe consequences for both mother and child, such as
fulminant hepatic failure, to the mother and child’s death [5,61]. The risk is particularly
pronounced in the third trimester of pregnancy, especially if the HEV-1 genotype causes
the infection. In that case, maternal mortality is from 15% to 25% [62]. The mechanisms of
liver damage in pregnant women caused by HEV infection are unknown [63,64]. However,
based on research conducted, it is thought that the link is immunity and hormone level
changes in pregnant women and viral factors, such as heterogeneity and variation in the
HEV genome [11,65]. Pregnancy is an immune condition in which pregnant women are
prone to developing viral infections [66].

Acute viral infection in pregnancy is associated with a wide range of harmful con-
sequences for mother and fetus. The fetus can be affected by growth restriction, devel-
opmental abnormalities, premature birth, and stillbirth [67]. Mothers are predisposed
to increased morbidity, primarily due to the development of acute liver failure (defined
as the onset of jaundice, hepatic coagulopathy, and hepatic encephalopathy), which may
eventually end in maternal death [68-70]. Pregnancy is likely to cause suppression of T
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cell-mediated immunity (including suppression of CD4 cells) and increased production of
steroid hormones, leading to increased virus replication [71,72]. Upon entering the body,
the virus can be present without visible antigens in a partially enveloped phase, which
enables it to hide its existence from opsonizing antibodies. Likewise, infected cells reject
many modulated ORF2 particles to complicate viral neutralization by antibodies even
further [55]. Moreover, certain enzymes and cytokines such as TGF-f3, interleukin 4, and
interleukin 10 are secreted from placental and trophoblast cells [55]. This in turn suppresses
cellular immunity at the circulation interface, between embryonic tissue and the uterine
lining (maternal-fetal interface) and allows the transmission of HEV. Moreover, there are
reports of HEV replicating within the placenta [71,73]. Therefore, rapid, effective response
to invasive pathogens is vital to avoid massive maternal infection and consequent fetal
complications [67].

4.1. Clinical Presentation of Hepatitis E in Pregnant Women Depending on the HEV Genotype

Different pathogenicity at the mother and fetus interface depending on HEV genotypes
has been demonstrated by many studies [68]. Increased apoptosis and necrosis at the
maternal-fetal interface are associated with changes in the placental barrier structure in
HEV-1 and HEV-2 genotypes [68,74]. Consequently, higher morbidity and mortality in
pregnant women infected with the HEV virus were predominantly observed in countries
dominated by the HEV-1 genotype [55,75].

HEV infection in pregnant women often leads to infant mortality or premature birth,
which makes it a critical, but hitherto mostly neglected, global public health problem [76].

The HEV-3 genotype has caused infections in developed countries, most notably
France, Germany, and the United Kingdom. In those cases, no severe clinical features
of HEV infection developed during pregnancy [55]. There is a possibility that maternal
immune system factors may limit HEV-3 replication at the maternal-fetal interface, avoid-
ing pregnancy complications [67]. The HEV-4 genotype is more dangerous than HEV-3
genotype infection and can lead to miscarriage and stillbirth [56]. In China, adverse preg-
nancy outcomes have been reported as a result of HEV-4 genotype infection and included
premature rupture of the membrane, premature birth, and miscarriage [67].

4.2. Prevention Measures of HEV Infections in Pregnant Women

Prevention measures include enhanced hygiene measures, especially when consum-
ing food and water in endemic regions [11]. A prophylactic recombinant vaccine against
HEV infections has been approved in China [77], but implementation data is still lacking.
Although anti-HEV antibodies and HEV RNA are present in the colostrum of mothers
infected with HEV, breastfeeding appears to be safe for these infants [78]. However, there
is a possibility of vertical transmission of HEV from infected mothers to their newborns.
Accordingly, mothers should be advised to feed the newborn with formula in such situa-
tions [79,80].

5. Laboratory Diagnostics of Hepatitis E Virus

The first laboratory tests used to diagnose HEV infection cover electron microscopy,
fluorescent antibody assay, and HEV antigen detection in hepatocytes. These methods
relied on light microscopy and were time-consuming and technically demanding processes,
thus were not amenable for HEV’s routine diagnosis. HEV genome cloning has enabled the
development of molecular and serological assays to detect HEV infection [16]. There are two
approaches to diagnose HEV infection: serological tests and nucleic acid tests. Serological
tests are based on detecting either viral capsid antigens, or immunoglobulins (anti-HEV
antibodies) produced by the immune system in response to HEV particles [50,81,82]. The
sensitivity of these tests is typically high, but the specificity is rather low. Nucleic acid tests
are based on detecting HEV RNA in the blood; these tests usually have high specificity and
low sensitivity [17,83].
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5.1. Serological Tests

The serological tests used to detect HEV infection belong to the group of enzyme
immunoassay (EIA) tests. Indirect EIA assays detect IgM and IgG anti-HEV antibodies.
IgM anti-HEV antibodies are the first ones to appear, approximately four weeks after
the infection, and can be detected up to six months later. The presence of IgM anti-HEV
antibodies implies that the HEV infection is acute or recent. IgG anti-HEV antibodies
appear early after infection, almost simultaneously with IgM antibodies, and last for years.
The presence of IgG anti-HEV antibodies indicates a recent or past infection [14,81,84,85].
Enzyme-linked immunosorbent assay (ELISA) is routinely used to detect IgM and IgG
anti-HEV antibodies [12,16,86-88]. The problem with these assays is their variation in
sensitivity and specificity, as shown in Table 3. Furthermore, the potential cross-reactivity
of IgM with other viruses, such as cytomegalovirus (CMV) and Epstein—-Barr virus (EBV),
can be a problem [16,89,90]. The most commonly used commercial ELISA test for IgM
detection is the Wantai test, which has the highest sensitivity and specificity among EIA
tests [12,91].

Immunoblot assays have nitrocellulose strips and are a more prolonged process than
ELISA. However, immunoblot assays are used as confirmatory tests for IgG anti-HEV
antibodies [12,16,84].

Rapid immunochromatographic assays detect IgM anti-HEV antibodies. These are
technically simpler and cheaper tests than EIA assays. Inmunochromatographic assays
are highly sensitive and specific and have a higher sensitivity than ELISA assays [12,17].
Such rapid tests are useful in pregnant women with suspected HEV infection due to the
immediate need for treatment [81,92].

In addition to serological assays for detecting anti-HEV antibodies, there are also
serological assays to detect viral antigens. Viral antigens are present in the early phase of
acute HEV infection [12,16,17]; hence, this type of approach represents a direct method of
detecting HEV infection based on the detection of capsid protein (ORF2) or phosphoprotein
(ORF3) during acute infection. The ELISA assays are most commonly used to detect viral
antigens in the blood or serum. These serological assays are simpler and cheaper than
nucleic acid tests (NAT). The advantage of these assays is the detection of viral antigens
before the onset of symptoms. However, the problem with these assays, as with other EIA
assays, is their sensitivity and specificity. The commercial Wantai test for the detection of
ORF2 antigen has high specificity and sound sensitivity [15,89].

5.2. Nucleic Acid Tests

HEV RNA could be detected in the blood and stool approximately three weeks after
infection and shortly before the first symptoms appear. The nucleic acid test (NAT) is the
gold standard for the diagnosis of HEV infection. The method is based on polymerase
chain reaction (PCR) and its variants. The disadvantages of NAT methods are high costs,
specialized devices, and staff expertise—all of which are limited in high burden and
low income countries [23,93-95]. NAT methods have higher specificity and sensitivity
compared to EIA, as shown in Table 3. The most commonly used are reverse transcription
PCR (RT-PCR), multiplex PCR, real-time PCR (qPCR), nested PCR (nPCR), digital droplet
PCR (ddPCR), and loop-mediated isothermal amplification assay (LAMP). HEV genome
sequencing is less commonly used. Detection of RNA HEV is based on detecting the
conserved ORF2/OREF3 region of the genome in four major HEV genotypes that infect
humans. Real-time PCR works on the same principle as regular PCR, but is more specific
and sensitive [13,50,84,96].
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Table 3. The advantages and disadvantages of serological assays and the nucleic acid test for HEV diagnostic purposes.

Method

Type of Molecule Detected

Advantages

Disadvantages

Enzyme immunoassay (EIA)

Serological tests

IgM and/or IgG anti-
HEV antibodies

Quick, easy to perform, less expensive
than a molecular test, high sensitivity,
low specificity,
epidemiological surveys

Discrepancies in the results, vary in
sensitivity, specificity, false-positive
reaction through cross-
reactive antibodies

Viral capsid antigen
and phosphoprotein

Technically less demanding than PCR

Antigens disappear quickly with
seroconversion, low sensitivity, the
poor performance of polypeptides,
limited application, less sensitivity

than real-time PCR

Rapid immunochromatographic assays

IgM anti-HEV antibodies

Sensitivity comparable with PCR,
higher than ELISA, fast, simple, point
of care testing

Low accuracy in detecting other
genotypes than genotype 3

Reversion transcription and PCR

High sensitivity and specificity,

Low levels of HEV RNA before

RT-PCR OREF?2 region identification of HEV genotypes symptoms, a brief period of viremia
g yp ymp p
. High specificity and sensitivity for The complicated procedure, strict
Nested PCR ORE2 region genotype 1 requirements, contamination
High specificity, high sensitivity, more Trame;ll S;zif"efsszrflacg(l)iist’rli:sgh cost
. . Real-time PCR (qPCR) ORF2 and ORF3 region sensitive than nPCR, simple .p g . !
Nucleic acid tests . L. polymorphisms in primer site
operation, quantlflcatlon R .
results with false-negative results
. . . . . Limited experience, works for
Loop-mediated isothermal ORF3 region Fast, no special equipment, high genotypes 1 and 4, no data for

amplification assay (LAMP)

sensitivity, and efficiency

other genotypes

RNA sequencing

ORF1 and ORF2 region

Accurate genotyping

Variability, lack of standardization,
high cost, polymorphisms in primer
site results in false-negative results
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The LAMP test based on isothermal amplification is faster than PCR and does not
require special equipment [15,97].

HEV genome sequencing begins with reverse transcription of HEV RNA, followed by
nested PCR of a specific region and then Sanger sequencing. Typically, the PCR products
of the ORF1 and ORF2 regions of the HEV are sequenced [12,15,98]. However, RT-PCR
is more sensitive than nested PCR, and therefore sequencing is not used for diagnostic
purposes [99], as shown in Table 3. Droplet digital PCR is a more sensitive method than
qPCR for HEV RNA quantification because there is no need for a standard curve. Hence,
it is more accurate in quantifying HEV RNA [96].

Many asymptomatic blood donors have HEV RNA detected by commercial HEV
RNA tests [15]. A combination of serological assays and NAT is required to diagnose HEV
infection correctly. In immunocompromised patients, serological assays of IgM anti-HEV
antibody detection are not reliable. Therefore, the diagnosis must be based on the detection
of HEV RNA in such patients [14,23,93].

Due to diagnostic tests” unreliability to detect HEV infection, the WHO has developed
the first standard protocol for diagnosing four HEV genotypes that infect humans [13]. The
recommendation is to test the presence of IgM anti-HEV antibodies initially. If the test is
positive, the infection is either active or recent, and a molecular test to detect HEV RNA can
be performed [14,50,85]. In immunocompromised patients, a positive test result confirms
HEYV infection. Only if both test results (i.e., IgM anti-HEV antibodies and HEV RNA) are
negative, HEV infection is excluded, as shown in Figure 3. Such combination of serological
and molecular tests increases the specificity and sensitivity, and thus opens the door for
accurate and timely diagnosis of HEV infection [81,92,100]. This is especially important
in asymptomatic blood donors and organ donors, but also a substantial population of
pregnant women who could have significant health consequences due to the untimely
diagnosis of HEV infection [14,81,101,102].

Considering the latter, Zhao et al. pursued a cost-effectiveness analysis on pregnant
women in epidemic regions of the world and showed that the combined approach of
screening and vaccination in women of childbearing age had higher quality-adjusted life-
year (QALY) and lower costs in comparison to the universal vaccination only (as in this
case, only women negative for HEV antibodies would be vaccinated) [103]. Moreover,
the ease of testing for capsid antigen (together with much lower cost in comparison
to RNA detection) makes it a viable option not only for blood screening, but also in
establishing an early HEV diagnosis in pregnancy [17]. Akin to the Markov cohort model
that demonstrated the cost-effectiveness of routine HEV screening in solid organ transplant
patients [104], similar studies are needed for the population of pregnant women, but also
other vulnerable groups.
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Negative

Immunocompetent patients Immunosuppressed patients

Negative Positive Negative Positive

Recentor active
infection

CEIITETE

o= <z

No recent
infection

IgM anti-HEV

A
HEV infection
suspicion

Positive

Rule out HEV

Figure 3. Algorithm for HEV infection diagnostic. Combining serological and nucleic acid testing is the best. The negative

PCR test does not exclude the recent infection. Serology assays are sometimes negative in immunocompromised patients.

Both negative test results rule out the HEV infection.

6. Conclusions

Hepeatitis E infections are increasingly present both in and outside endemic regions.
They are most often zoonoses, although cases of transfusion transmission have been
reported, and they occur in both low and highly developed countries. As pregnant women
are the most vulnerable and at-risk group, it is necessary to introduce preventive measures
that should include screening for HEV RNA—especially if we take into account that there is
still no adequate therapy for pregnant women. Moreover, guidelines for the control of HEV
infections in pregnancy are still lacking, which means there is a need to fill the gaps in the
literature by additional research endeavors and consensus approaches. It is also essential
to investigate HEV genotypes’ prevalence according to their virulence and morbidity in
pregnancy. In addition, while the hepatitis E vaccine is being tested for safety in this
population and safer treatment approaches are being considered, it is pivotal to adhere to
all the necessary prevention measures in the meantime, but also to test pregnant women
(especially in endemic areas) and assess the risk for pregnancy on a case-to-case basis.
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