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Abstract

Hepatitis E virus (HEV) and hepatitis C virus (HCV) are both RNA viruses with a
tropism for liver parenchyma but are also capable of extrahepatic manifestations.
Hepatitis E is usually a viral acute fecal-oral transmitted and self-limiting disease
presenting with malaise, jaundice, nausea and vomiting. Rarely, HEV causes a chronic
infection in immunocompromised persons and severe fulminant hepatitis in pregnant
women. Parenteral HCV infection is typically asymptomatic for decades until chronic
complications, such as cirrhosis and cancer, occur. Despite being two very different
viruses in terms of phylogenetic and clinical presentations, HEV and HCV show many
similarities regarding possible transmission through organ transplantation and blood
transfusion, pathogenesis (production of antinuclear antibodies and cryoglobulins) and
response to treatment with some direct-acting antiviral drugs. Although both HEV and
HCV are well studied individually, there is a lack of knowledge about coinfection and
its consequences. The aim of this review is to analyze current literature by evaluating
original articles and case reports and to hypothesize some interactions that can be

useful for research and clinical practice.
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Core Tip: Hepatitis E virus (HEV) and Hepatitis C virus (HCV) are both RNA viruses
characterized by greater variability than DNA viruses and mainly infect the liver.
Despite these similarities, the two viruses have different species barriers and disease

progression. Coinfection with particular HCV and HEV types could aggravate hepatic




and/or extrahepatic diseases, taking into account virus - host interactions between the

two viruses during viral replication.

INTRODUCTION

Viral hepatitis is a global public health problem, affecting more than 325 million people
globally. In countries with poor health care standards, coinfection among hepatotropic
viruses is possible due to multiple risk factors. This condition increases morbidity and
mortality rates in infected patients [1l. Hepatitis E virus (HEV) could influence hepatic or
extrahepatic symptoms in patients with chronic hepatitis C virus (HCV) infection 231,
Both the prevalence and spreading of HEV and HCV infections worldwide reflect
different routes of transmission and high genomic variability [ %], however coinfections
or superinfections with the two viruses in the same individuals may occur, though a
paucity of data exist in this respect.

A summary of virological and pathogenic characteristics of both viruses discussed

through the text of this review are reported in the Table 1.

EPIDEMIOLOGY

HEV affects around 20 million people worldwide, and the infection is distributed in
both developing and industrialized countries [lI. This enteric non-enveloped virus,
belonging to the Hepeviridae family, Orthohepevirus genus, is classified into eight
genotypes and 24 subtypes. HEV1 and HEV2 infect only humans in resource limited
settings, such as Asia, Mexico, and sub-Saharan and Central Africa [¢l. HEV3, emerging
in Europe as a sporadic infection, and HEV4 infect both humans and animals. HEV4
shows a high prevalence in Asia . In 2014, HEV5 and HEV6 were isolated from wild
boars, while HEV7 (originally infecting dromedaries) was isolated from a human case
for the first time [22. 2. Lastly, HEV8 was detected in Bactrian camels [2!l. Of note, the
nomenclature system of this virus is constantly changing due to frequent identification
of novel strains in various animal species [%5l. The main routes of transmission are fecal-

oral and zoonotic (ie, undercooked meat or close contact with animals). In




industrialized countries, transmission is related to travelers returning from endemic
areas and to blood transfusion or organ transplantation [ 20l Human-to-human
transmission was also described in men having sex with men 7], as well as HEV can
infect newborns by vertical transmission [28]. Seroprevalence studies identified specific
risk categories, such as veterinarians, forestry workers, butchers and hunters, occurring
as sporadic cases of infection 12,

HCYV is also very widely disseminated throughout the world. Indeed, approximately 71
million people worldwide are infected by HCV, an enveloped virus belonging to the
Flaviviridae family and Hepacivirus genus. In 2018, Borgia and colleagues identified the
eighth genotype in patients from India [3°l. The distributions of the genotypes and 86
subtypes are related to risk factors and geography across the world. In developing
countries, HCV1 and HCV2 with high subtype diversity are prevalent. HCV3 is
predominant in Europe, North America and Southeast Asia. In the Middle East and
Central Africa, HCV4 is endemic, while HCV5 was found exclusively in South Africa
1311, HCV®6 is present essentially in Japan and nearby areas. HCV7 is responsible for less
than 1% of cases of HCV hepatitis. In industrialized countries, the most prevalent
subtypes are HCV1a, 1b, 2¢, 3a, and 4a 52 3. HCV1b and 2c are mainly transmitted by
blood transfusion and infect older population groups, whereas HCV1a, 3a and 4a are
prevalent in intravenous drug users P+ %l Low standards for healthcare procedures
have allowed HCV spreading among patients in hemodialysis units [15]. After 1992,
blood screening controlled the spread of this infection. Sexual and mother-to-infant
(6%) transmissions increased in subjects coinfected with human immunodeficiency
virus (HIV), while breastfeeding does not significantly increase the risk of transmission

from mother to baby 3],

GENETIC VARIABILITY

RNA viruses have high genetic plasticity, and they can rapidly generate a drug-
resistant viral population or evade the host system under pressure. The key of this

variability is the polymerase without proofreading activity [¥]. During viral replication




with a mutation rate ranging from 10 to 10~ substitutions per nucleotide, the virus
produces hundreds of progeny (quasispecies), which differ by one or a few nucleotides in
the genomic sequence. The fitness of quasispecies reflects Darwinian evolution and
natural selection allows the spread of a better adapted viral population [&l. HEV and
HCV are both positive-sense single-stranded (ss) RNA viruses, even if the organization
and length of the gengme are different.

The HEV genome (7.2 kb) contains three open reading frames (ORFs) between the
5UTR- and 3'-UTR (polyA-tract) regions. ORF1 encodes enzymes, including RNA-
dependent RNA polymerase (RdRp) and non-structural proteins. ORF2 and ORF3
encode for capsid protein and a multifunctional phosphoprotein, respectively. ORF4 is
directly involved during replication I*l. By contrast, the HCV genome (9.6 kb),
containing one ORF between the 5'-3"UTRs, encodes three structural (C, core) proteins,
envelope glycoproteins 1 and 2 (E1 and E2), and finally seven non-structural (p7, NS2,
NS3, NS4A, NS4B, NS5A, and NS5B) proteins. In particular, NS5B encodes the
polymerase enzyme [3].

HEV genetic characteristics make it suitable for infecting humans and animals through
various transmission routes, since it is maintained in the environment [°l. Virions are
present in two different forms, non-enveloped excreted in the feces of humans or
animals and quasi-enveloped coming from blood. Quasi-enveloped virions bind cells in
a less effective way, showing minor infectivity °l. The high similarity among HEV3 and
HEV4 strains isolated from humans and animals demonstrated that adaptation is not
necessary for infection. On the other hand, HEV1 does not have zoonotic reservoirs, as
experimentally, intra-species transmission failed to infect the progeny in pig, rat or
goat. Species barriers of HEV1 appear to be related to genetic elements carried on the
ORF1 non-structural protein 25, As far as HCV is concerned, the barrier between
species may be responsible for the unique targeting of humans by this virus. However,
endemic circulation in an area of the world where human, ape and monkey populations
overlap and the discovery of viruses closely related to HCV in animals suggested a

zoonotic origin 401,




Recombination events increased the genetic variability for both HCV and HEV viruses.
Among HEV genotypes, as well as fragment of human genes and HEV strains,
recombination is possible. In particular, two insertions of the ORF1 hypervariable
domain on the human RPS17 gene (ribosomal protein S17) increased replication in
hepatoma cells P8l. Likewise, during HCV superinfection, recombination events (inter-
genotype or inter-subtype), using different breakpoints within the viral genome were
identified. The first cirﬁllating form was HCV2k/1b with a mapped breakpoint in the
NS2 gene. At present, seven inter-genotypes (2k/1b, 21/6p, 2b/1b, 2/5, 2b/éw, 3a/1b,
and 2a/1a) and three inter-subtypes (1b/1a, 1a/1¢, and 4a/4d) recombinant forms (RFs)

are known [41],

PATHOGENESIS AND NATURAL HISTORY

The incubation period of HEV infection ranges from 2 to 10 wk B2. HEV determines
acute hepatitis with a very low incidence (1-4%), varying severities, which resolves in 2-
3 mo [0l One of the most serious outcomes is fulminant hepatitis (FH), which is
characterized by hepatic parenchyma necrosis, renal failure or coma [** . The wide
spectrum of clinical illness could indeed be related to the infecting genotype [42l. In 2015,
Smith and Simmonds reviewed published papers for causal association between FH
and genomic variability [43l. The correlation appears to be related to epidemiological
factors, namely, restricted geographical areas and time span of collected isolates [43]. The
majority of people acquiring infection do not have severe consequences. However,
HEV1 and HEV2 are the principal genotypes related to severe disease and mortality
and HEV1 was the principal responsible for outbreaks in some countries of Asia and
Africa between 1987 and 2015 28], Several studies reported FH to be related to specific
nucleotide substitutions in the HEV1, HEV3 and HEV4 genomes. For instance, the
U3148 and C5907 substitutions in HEV3 and HEV4 strains were significantly associated
with FH 38, However, HEV3 hardly progresses to acute liver failure ['°l. Extra-hepathic
manifestations  such as  membranoproliferative  glomerulonephritis  and

cryoglobulinemia are not rare in HEV infected patients 12l and it was suggested that in




severely immunocompromised patients HEV could be implicated in development of
hepatic cancer 44, Also, common neurological disorders in the course of HEV infection
were found such as nerve root, plexus disorders and meningoencephalitis [4> 46],

HEV can also cause chronic infection, lasting a year or more in immunosuppressed
individuals [, which has only been observed for HEV3 and HEV4 [47]. Comparison of
HEV3 isolates between blood donors and patients with hepatitis showed just one
polymorphism difference (leucine to phenylalanine ORF2 substitution) in sequences
from the first category. Anyway, there is no evidence of pathogenesis related with
substitutions occurring in virus genomes 14l Interestingly, the fast progression to liver
fibrosis has been associated with slow quasispecies diversification during one year of
chronic infection 1451,

In contrast to HEV, HCV frequently (50-80%) causes chronic hepatitis, which is
associated with liver cirrhosis, steatosis and hepatocellular carcinoma (HCC) 48l The
variability of genotypes/subtypes was associated with pathogenetic significance.
HCV1b hypervariable region 1 (HVRI1) of E2 protein displays significantly higher
genetic variability than HCV3. HCV3 establishes hepatic chronic infection in less cases
compared to other HCV types, particularly HCV1b. The hypervariable E2 region of
HCV1b displays low evolutionary dynamics during the course of infection, generating
few viral variants, which could provide a fitness advantage under immune system and
therapy pressures [#°], while the lower variability of HCV3 results in a lower chance to
establish chronic infection [4°l. On the other hand, HCV3 core protein expression is able
to induce more intracellular lipid accumulation causing steatosis more than other
genotypes 41, Indeed, HCV3 infection is associated with steatosis more frequently than
HCV1. Some amino acid substitutions in HCV3 core proteins upregulate the sterol
regulatory element binding protein-1 (SREBP-1), inducing intracellular lipid

accumulation #91.

TREATMENT




Usually, acute HEV infection does not require antiviral therapy ['®l. Ribavirin (RBV)
monotherapy may be considered in cases of severe acute hepatitis or chronic infection
in solid-organ transplant recipients. PEGylated-interferon-a (PEG-IFN-a) was effectively
administered to patients after liver transplant or hemodialysis [1¢], although IFN can
cause several side effects [#3. RBV therapy with or without PEG-IFN-a is contraindicated
during pregnancy [l Sustained virological response (SVR) is achieved only in 78% of
chronic patients treated with ribavirin for a median period of three months, probably
because of viral mutants [°l. Deep sequencing detected the Y1320H, K1383N and
G1634R polymerase substitutions on HEV3 isolates from patients who relapsed or
failed RBV therapy [1¢ %0l Clearly, RBV increases viral heterogeneity, leading to the
emergence of different viral populations [°l,

PEG-IFN-a and RBV were the standard of care to treat HCV until 2011. Direct-acting
antiviral (DAA) drugs quickly changed the landscape of infection, as patients achieved
a high SVR rate (95-99%). Five pan-drug combinations are available right now to treat
HCV: sofosbuvir (SOF), sofosbuvir/velpatasvir (SOF/VEL),
sofosbuvir/ velpatasvir/voxilaprevir ~ (SOF/VEL/VOX), glecaprevir/pibrentasvir
(GLE/PIB) and grazoprevir/elbasvir (GZR/EBR) [3l. DAA drugs determined direct
pressure on the viral genome, producing quasispecies with resistance associated
substitutions (RASs) on NS3/4A, NS5A and NS5B target regions escaping therapy 2.
Several RASs on all target regions after treatment with first-/second-generation and
IFN-free regimens in specific HCV types were reported [°254. Additionally, natural
polymorphisms carried on specific subtypes can confer resistance to NS5A inhibitors. In
the last EASL guidelines, experts recommended to detect resistance on NS5A (from 24
to 93 amino acid positions) for subtypes 1 L, 4r, 3b, 3g, 6u, and 6v prior to first-line
treatment [51. Indeed, patients who failed therapy displayed NS5A RAS at baseline in
the same rate of virological failure [*.. The HCV RFs have been reported in few cases
around the world, thus pathogenesis and therapy efficacy are not well characterized.

Two patients infected by RF 2b/1b achieved viral clearance with an interferon-free




regimen 1%l In contrast, a patient infected by the same RF failed two different
interferon-free regimens [571.

Of note, new DAA therapies for HCV had an indirect effect on HEV in coinfected
patients. SOF is approved for the treatment of chronic HCV infection but can also
inhibit HEV replication in vitro (especially if co-administered with RBV) and could be
an interesting treatment option in coinfected individuals 7], but clinical universal
efficacy has not yet been demonstrated [16l. A SOF based DAA regimen excludes occult
HCV or HEV infection in patients who received a liver or renal transplant [ and
successful treatment was reported in some cases of HEV/HCV coinfection. Biliotti and
colleagues reported viral clearance of HCV3 and HEV3 in one infected patient after
therapy with SOF plus RBV [*°l. In a subject infected through liver transplantation, the
combination of SOF, daclatasvir (DCV) and RBV led both to HCV-RNA undetectability
6 wk after the initiation of therapy and to HEV-RNA undetectability at 12 wk after
initiation of therapy 8. In another immunosuppressed patient affected by both HCV
and HEV infections, SOF in combination with DCV reduced HCV-RNA to undetectable
levels after 4 wk of treatment but did not have a significant effect on serum HEV-RNA
levels [11l. Lastly, one patient treated for 12 wk with SOF/DCV/RBV and tenofovir
cleared HCV and HEV without risk of HBV reactivation [®%. In clinical practice,
detection of HCV and potential HEV genome substitutions may be useful to predict
treatment failure 137, 521,

In 2016, a new molecular mechanism against HCV and HEV was proposed by Wang
and colleagues [61]. INF-a and TNF-a play essential roles in infections by intracellular
agents and show a synergistic effect in experimentally transfected cells with HCV or
HEV by activating NF-kB signaling. Antiviral activity is related to innate immune
responses. Cooperation between INF-a and TNF-a, activating signaling cascades,

protects against HCV and HEV infection [61].

PREVENTION




Prevention of infections is possible through public health measures and screening
policies. In endemic areas for HEV, it is important to wash hands frequently, drink
bottled water and eat fruits and vegetables washed with safe water [62]. In areas with
low endemicity and zoonotic transmission, simple hygiene measures and cooking meat
well done can be fundamental to reduce transmission [41l. HCV and HEV may share the
same route of transmission, and blood transfusion and organ transplantation can be
dangerous for recipient patients and their immunosuppressed status [19 62 Tests to
detect anti-HCV antibodies are standardized. Additionally, HCV core antigen and
molecular assay are used to identify patients with ongoing viral infection 5. On the
other hand, a HEV diagnosis needs a combination of an antibody test and molecular
assay due to the specificity of the assay being suboptimal and anti-HEV IgM not being a
really robust marker [16.

However, vaccines are the best protection against viral infections. HEV genotypes
represent one single serotype, with a serological cross-reactivity, thus one vaccine
should protect against all types, despite genetic heterogeneity [41l. In China, a vaccine
based on the ORF2 protein had high efficiency in a large human population and has
been licensed, but is not available elsewhere at this moment [63]. However, mutations on
the ORF changed the structure of the ORF2 protein, reducing the protective efficacy of
the vaccine. For preventive purposes, naturally attenuated viral variants carrying
substitutions in the polymerase region could be used in the future [3l. Very recently,
Chen and colleagues evaluated the safety and efficacy of immunization with an
accelerated HEV239 vaccine (Hecolin®). Protective antibodies, produced within 21
days, can be useful during an ongoing HEV outbreak or for travelers and humanitarian
workers moving to endemic areas in a short time [°l. At present, HEV Vaccine Working
Group by the WHO'’s Strategic Advisory Group of Experts (SAGE) considered the use
of Hecolin® for the general populations residing in endemic areas during outbreaks as
quickly as possible. However, due to the lack of data about immunogenicity and s ;
the Working Group did not recommend the routine use of this vaccine for specific risk

groups, such as pregnant women, patients with chronic liver disease and




immunocompromised persons [l In the next future, human and animal vaccinations
should be associated, considering the One Health concept, for preventing transmission
and improving public health [2],

In contrast to HEV vaccine, the HCV vaccine is still under development since there are
several limitations, such as easy culture systems not being available, animal models for
testing, and viral genetic diversity (genotypes, subtypes and quasispecies). The
extraordinary variability of HCV determines several opportunities to select, within and
between infected individuals, viral variants escaping the immune response [®. In 2017,
University of Oxford in collaboration with other industries developed a candidate
vaccine using the entire HCV NS3-5B protein. At present, the vaccine is in phase 1
(EudraCT Number 2016-000983-41) to assess the safety and effectiveness of the immune
response against the virus in healthy volunteers. The estimated completion of the study
is August 2022 U, Eradication of HCV by 2030 is the goal of the World Health
Organization, and the organization must consider improvements in screening policies

and hope for an effective vaccine.

MAJOR CAUSES AND EFFECTS OF COINFECTIONS

A schematic overview of HEV/HCV possible interactions is reported in Figure 1.
Epidemiological considerations

Co-infections or superinfections of HEV with HCV may be due to a common parenteral
route of transmission. Moreover, it was hypothesized that alteration of the intestinal
mucosa associated with chronic liver damage due to HCV facilitates HEV translocation
from the gut to the liver of patients infected through the oral route [¢%]. There is a lack of
studies investigating the prevalence of possible coinfections with HCV and HEV. At
present, it is impossible to provide reliable estimates of the actual prevalence, since
information came from few studies and case reports. Future studies, including
adequately large sample size, should be planned to estimate the actual prevalence of
coinfections. Moreover, the main limitation of the epidemiological surveys conducted

so far is that only antibody tests were used [19 ¢l Detection of anti-HEV




immunoglobulins is related to specificity and sensitivity of commercial kits, among
which discordant results were reported in the literature 71 In 2016, Norder and
coworkers %] evaluated the performance of five commercial assays to determine IgM
and IgG levels against HEV. IgM titer was detected by a sensitive HEV IgM /HEV IgG
test after the onset of symptoms, providing concordantéesults in 9% samples from
patients with suspected HEV infection. By contrast, recomWell™ HEV IgG/IgM
(Mikrogen Diagnostik, Neuried, Germany) and DS-EIA-ANTI-HEV-G/M™ (DSI Srl,
Milan, Italy) tests were found to be less specific. In conclusion, investigating the actual
rate of coinfections and the effect of both viruses on liver disease progression would
require more accurate serological assays and more studies using direct detection of
HCV and HEV RNA by molecular tests.
Clinical considerations

b. 1) Hepatic damage

Infections due to HEV and HCV, even if occurring at different times, can lead to a
worse clinical course 1% ¢l In fact, serum IgG directed against HEV were associated
with a faster evolution towards more severe degrees of fibrosis in patients with chronic
HCV infection [l Coexistence of the two viruses appeared to be associated with
accelerated progression of liver damage as evidenced by the reduced number of
platelets, increased transaminases and prolonged prothrombin times observed in
patients with chronic HCV hepatitis with HEV exposure during their lifetime (IgG-
positive) when compared to HCV mono-infected patients [70. It is possible that HEV
infection in patients infected by HCV with a significant degree of liver fibrosis,
accelerates liver damage to such an extent that liver decompensation and death may
occur more frequently [71l. These considerations point to the importance of treating HCV
and preventing HEV superinfection (either primary prevention or vaccine strategies) in
patients affected by chronic HCV infection, a situation which may be particulary
frequent or problematic in resource-limited settings. In patients with HCV related HCC,
HEV seroprevalence was 11% (compared to 6% in the healthy population), while it

reached 42% in patients who underwent liver transplantation for chronic HCV infection




169, In 2005, Elhendawy and coauthors reported HCV/HEV coinfections in 71.4% of
chronic hepatitis patients and in 96.1% of cirrhotic patients with or without HCC,
suggesting a possible relationship between the two viruses on progression of liver
disease [??l. Recently, the prevalence of HEV infection among adults with chronic liver
disease, from 2011 and 2018, was evaluated and anti-HEV IgG positivity was found in
8.6% of HCV chronic positive patients, with a high prevalence in the oldest individuals
compared to young age groups [70. Also, possible effects of HEV infection in increasing
the risk of liver cancer over HCV-induced subclinical liver injury (72 further emphasizes
the importance of treatment and preventative strategies for these two viruses to reduce
overlap in the same individuals.

b.2) Extra-hepatic diseases

Since both viruses may be responsible for extra-hepatic diseases, several studies
described these manifestations and correlated them with genetic features [46l.
Importantly, HCV does not infect only hepatic cells, and the virus has been found in
peripheral blood mononuclear cells, T cells, and monocytes, as well as in B cells and
macrophages of colonic tissue. HCV replicates within carotid plaques induce arterial
inflammation, probably through the pro-inflammatory cytokine interleukin 1f
regardless of viral type [3l. The extrahepatic infection, demonstrated by cell lines
producing HCV2a virions, could explain the late relapses observed in clinical trials 74,
Both acute and chronic hepatitis E infections are associated with antinuclear antibodies
and cryoglobulinemia in the serum of patients that is similar to untreated HCV
infection. The cryoglobulin concentration correlates with the viral load rather than with
the degree of inflammation [75l. Serum cryoglobulins in the serum of patients affected by
HCV infection are associated with a worse degree of steatosis and fibrosis, and it is not
known if the same can happen in HEV infection [76l. Likewise, the risk of evolution to
lymphoproliferative diseases associated with HEV cryoglobulinemia with or without
HCV cryoglobulinemia is unknown. Furthermore, insulin resistance and metabolic
syndrome have already been related to HCV infection, as well as HEV infection

recently, which can contribute to the progression of fibrosis in patients with chronic




liver disease Pl. As far as HEV is concerned, the neurological disease Guillain-Barre
syndrome did not appear to be genotype specific [46l, but HEV1 was associated with
neurological injury [, as well as HCV [77l. Moreover, HEV1 and HEV3 were found to
be responsible for acute pancreatitis, which has already been described for major
hepatitis viruses, in a large number of reports or case control studies [47l. In 2012, a
causal link between HEV3 and renal injury was reported 8. Additionally, mechanisms
inducing glomerular disease were found to be similar to those induced by HCV 791,
HCYV increased the risk of chronic kidney disease, inducing glomerular injury through
the high viral load related to HCV1 or HCV2 [151.

Virological and pathogenetic considerations
It is known that HEV inhibits production of type I interferons (IFNs) %, while it
induces upregulation of IFN-gamma by natural killer (NK) or natural killer T (NKT)
lymphocytes 81,821, The core and some non-structural proteins of HCV (NS3, NS5A and
NS5B) were demonstrated to alter the function of dendritic cells (DCs) in vitro, resulting
in impaired CD4+ and CD8+ T-cell responses to the virus. Also, patients with chronic
HCV infection have reduced IL-12 and IFN-gamma levels compared to those who
cleared the virus [#]. Therefore, at least in principle, HEV could counteract chronicity of
HCV through IFN-gamma upregulation, but interactions between the two viruses via
cytokine cross-talk may be complex and not well demonstrated or easy to predict.
Interestingly, liver health is related to the composition of gut microbiota. This is
influenced by enteric virome, with whom is in continuous and dynamic equilibrium,
and by viruses chronically infecting host tissues [34. The number of studies on the gut-
liver axis and hepatitis infections is plasently very low, but microbiota alteration is
related to liver disease. HCV-positive people had lower bacterial diversity (i.e, less
Clostridium and more Streptococcus and Lactobacillus species) compared with non-
infected people 2. Exacerbation of HEV infection was negatively related to high
Lactobacillaceae levels [13l. The relationship between gut dysbiosis and viral hepatitis

needs to be further investigated, but clearly unfavorable shift in gut microbiota




composition driven by the two hepatic viruses may correlate with increase of
inflammation and a worse liver stiffness [12.13],
Lastly, at molecular level, microRNAs (miRNAs) play a pivotal role in the progression
of liver diseases [84. The roles of the miRNAs are still under study, but it was already
speculated that miR-628-3p, miR-194, miR-151-3p, miR-512-3p, miR-335 and miR-590
are potentially involved in HEV/HCV coinfection 185,
Studies in animal models highlighted the ability of HCV to determine changes in the
expression of genes that regulate the lipid metabolism ¥l The role of statins in
inhibiting viral replication was subsequently proven 871 Interestingly, not all statins
show an inhibitory effect on HCV replication, suggesting an anti-viral mechanism
independent from 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase [8].
However, the capability of fluvastatin in lowering HCV RNA in people with chronic
hepatitis C appears to be modest, variable, and often fleeting %l In contrast, patients
treated with statins who are chronically infected with HEV show significantly higher
viral loads than chronically infected patients without statin administration and this
underlines the possible impact of lipid metabolism on HEV replication %, while
treatment with proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors, such
as alirocumab, determines a poor antiviral activity against HEV. These observations led
to the hypothesis that the antiviral activity of these molecules is related to their ability
to determine an increase in intracellular cholesterol, which is greater for statins than for
PCSK9 inhibitors 0l Possible indirect interactions between the two viruses through
their influence on lipid metabolism merit determination.

Special populations
The interactions between the two viruses could be even promoted by immune-
suppression induced by HIV, which may facilitate HEV transmission 1. High
prevalence of IgG anti-HEV antibodies (>15%) was found in people living with HIV
(PLWH) affected by HCV chronic infection, in particular if CD4+ T-cell count was
below 350 cells/ mm3 921, In endemic rural areas, HEV/HCV coinfection also occurred

frequently among pregnant women, inducing a significant worsening of biochemical




liver indices than women with negative HCV serologies [2l. HCV pathogenesis during
pregnancy is poorly understood, and it was related to preterm delivery, placental
abruption, and low birth weight in a large cohort of infected women [**l. HEV replicates
in the human placenta, among pregnant women, the fatality rate being around 20% and
up to 30% in the third trimester. HEV infection determines fulminant hepatic failure,

membrane rupture and spontaneous abortions 381,

CONCLUSION

Since HEV/HCV coinfection is a novel topic, several clinical and research questions
remain summarized in Table 2.

As previously discussed, seroprevalence studies demonstrated that the lifetime risk of
HEV infection in patients affected by chronic HCV hepatitis is not rare. Although the
prevalence of HEV/HCYV coinfection is not known, it is reasonable to speculate that in
resource limited settings where HEV is a frequent cause of acute hepatitis,
superinfections with this virus in patients with chronic HCV infection is quite frequent
[%4], and the consequences in terms of worsening liver damage and liver decompensation
merit to be further investigated. By contrast, since HEV infection is a much rarer cause
of chronic liver disease than HCV, chronic co-infections with both viruses are less
frequently observed unless in immune-compromised individuals.

Immune phenomena are described for both viruses, and physicians should be aware
that patients with autoantibodies and cryoglobulins could be tested for both acute and
chronic HEV or HCV infection. However, to the best of our knowledge, no one has
described immune alterations in patients affected by HEV/HCV coinfection. We
propose, given the relative rarity of the infection, that physicians (who diagnose
coinfection) also screen for immune phenomena.

Some DAA drugs, such as SOF, are active against both HEV and HCV in vitro, but a
regime with SOF and DCV failed to clear HEV RNA in a coinfected patient who did not
tolerate ribavirin ['1l. Our limited knowledge is based on too few cases being described

[18,59,60] and it is not possible to get definitive conclusions on the use of DDA drugs in




coinfected patients. It is desirable that researchers focus on in vitro studies to better
define possible pathogenetic interactions determined by the two viruses. People at risk
of HEV or HCV infection (such as transfused or transplanted patients) should be
screened regularly to identify coinfected patients. Also, PLWH should be screened for
HEV in cases of unexpected elevations of liver enzymes, with or without HCV co-
infection.

HEV and HCV are both RNA viruses characterized by greater variability than DNA
viruses and mainly infect the liver. Despite these similarities, the two viruses have
different species barriers and disease progression. However, coinfection in endemic
areas can be a serious public health problem, especially for immunosuppressed
individuals or pregnant women. The evolutionary behavior of RNA viruses is
responsible for its pathogenesis and antiviral success in infected hosts, as well as
vaccine design [8l. Coinfection with particular HCV and HEV types could aggravate
hepatic and/or extrahepatic diseases, taking into account viruses - host interaction and
the possible genetic interaction between the two viruses during viral replication. At
present, the prevention of infections is mainly related to screening policies and public

health measures.
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