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Abstract

In this review the current overall knowledge on hepatitis A, B, C, D, and E will be
discussed. These diseases are all characterized by liver inflammation but have
significant differences in distribution, transmission routes, and outcomes.
Hepatitis B virus and hepatitis C virus are transmitted by exposure to infected
blood, and in addition to acute infection, they can cause chronic hepatitis, which
in turn can evolve into cirrhosis. It is estimated that more than 300 million people
suffer from chronic hepatitis B or C worldwide. Hepatitis D virus, which is also
transmitted by blood, only affects hepatitis B virus infected people, and this dual
infection results in worse liver-related outcomes. Hepatitis A and E spread via the
fecal-oral route, which corresponds mainly to the ingestion of food or water
contaminated with infected stools. However, in developed countries hepatitis E is
predominantly a zoonosis. Although hepatitis A virus and hepatitis E virus are
usually responsible for a self-limiting hepatitis, a serious, rarely fatal illness is also
possible, and in immunosuppressed patients, such as organ transplant recipients,
hepatitis E virus infection can become chronic. The description of goals achieved,
unresolved issues, and the latest research on this topic may make it possible to
speculate on future scenarios in the world of viral hepatitis.

Key Words: Viral hepatitis; Hepatitis A; Hepatitis B; Hepatitis C; Hepatitis D; Hepatitis E

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Viral hepatitis still endangers the health of millions of people around the
world. In this review the path that led to the current knowledge in the field of viral
hepatitis will be reported.

Citation: Torre P, Aglitti A, Masarone M, Persico M. Viral hepatitis: Milestones, unresolved
issues, and future goals. World J Gastroenterol 2021; 27(28): 4603-4638
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INTRODUCTION

Hepatitis viruses are a leading cause of morbidity and mortality as the consequences
of their acute or chronic infections. The World Health Organization (WHO) estimated
1.4 million deaths per year due to viral hepatitis worldwide, most of which are a
consequence of hepatitis B or C. Significant progress has been made in the prevention
and treatment of hepatitis B, C, and D viruses (HBV, HCV, and HDV) infections, but
chronic hepatitis by these viruses still represents the most common etiology of
cirrhosis and hepatocellular carcinoma (HCC). Hepatitis A virus (HAV), HBV, HDV,
and hepatitis E virus (HEV) are a frequent cause of clinical hepatitis and acute liver
failure. Although it is rare, the latter is a life-threatening condition. In 2016, the WHO
Global Health Sector Strategy established the goal of eliminating viral hepatitis “as a
major public health threat” by 2030. However, great efforts are still needed to bridge
the gap between the current situation and this ambitious goal.

HEPATITIS C

HCV is a single strand positive sense RNA virus of the Flaviviridae family
(Hepacivirus genus) discovered in 1989 by Michael Houghton and colleagues[1,2].
This discovery, which was awarded the 2020 Nobel Prize in Physiology or Medicine,
shed light on blood-transmitted chronic non-A, non-B hepatitis cases, and through the
subsequent advent of specific therapies is estimated to have saved millions of lives.
HCYV is blood-borne transmitted[3], and currently eight viral genotypes are recognized
[4,5]. In 15% of cases HCV infection is responsible for acute hepatitis[6], while approx-
imately 80% of infected patients progress to chronic infection; 20% of chronically
infected patients develop cirrhosis within 25 years, and among patients with cirrhosis
25% develop HCC and/or decompensated liver disease[7].

EPIDEMIOLOGY

HCV is widespread all over the world, with different prevalence of viral genotypes
within different geographical areas. Genotype 1 is the most common, especially in
North America, Europe, and Asia. Genotype 2 is endemic in parts of West Africa and
Latin America. Genotype 3 is present in Southeast Asia and Eastern Europe. Genotype
4 is endemic in North Africa and Sub-Saharan Africa. Genotype 5 is particularly
common in Southern Africa[8]. This virus, whose only host is humans, is transmitted
by blood. In high-income countries this infection occurs particularly in “at risk”
populations, such as people who inject drugs who may share infected needles, men
who have sex with other men, and prisoners. In low-middle-income countries,
healthcare associated transmission (e.g., during invasive procedures or the execution of
blood transfusions with infected blood) is still an important problem[9,10]. Perinatal
transmission from infected mothers occurs in 3%-10% of cases[11].

CLINICAL MANIFESTATION

Acute HCV infection is usually asymptomatic and characterized by increased transam-
inases usually occurring between 6 wk and 8 wk after exposure[12]. Symptoms such as
nausea, asthenia, and weight loss appear in less than 30% of patients, and in most
cases they do not interfere with normal daily activities[13]. The presence of jaundice is
also infrequent, occurring in less than one third of patients[14]. Acute liver failure due
to HCV infection is unusual[12].

About 30% of people who contract the infection spontaneously eliminate the HCV
within 6 mo. On the contrary, at least 60% to 70% of infected people develop chronic
infection, defined as the presence of anti-HCV immunoglobulin in the blood and the
persistence of HCV-RNA for at least 6 mo[12,15]. In these cases, transaminases are
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usually moderately increased but can also be normal[16]. Most patients with chronic
hepatitis C are asymptomatic, but some may experience asthenia, anorexia, and weight
loss. Jaundice occurs only in the case of advanced liver cirrhosis. Physical examination
can reveal hepatomegaly and splenomegaly (this latter in case of cirrhosis or blood
malignancies)[12]. Chronic HCV infection could induce liver fibrosis, which can
progress to the development of cirrhosis, decompensation, and HCC[17]. In HCV
patients, HCC usually appears in patients with liver cirrhosis, but it can also occur in
the absence of such condition[12]. The proportion of patients who develop liver
cirrhosis after 20 years of infection is quite varied, ranging between 2%-3%[18,19] and
51%[20], depending on the study population and various risk factors, such as male
gender, alcohol consumption, older age at the time of infection, coinfection with other
viruses [human immunodeficiency virus (HIV) and HBV], and others[7].

EXTRAHEPATIC MANIFESTATIONS

The HCV primarily affects the liver, but a high percentage of HCV patients (up to
74%) was observed to have at least one extrahepatic manifestation[21]. For some
extrahepatic manifestations the link with HCV was strongly demonstrated by
epidemiological and pathogenetic data (mixed cryoglobulinemia/cryoglobulinemic
vasculitis and B-cell non-Hodgkin’s lymphoma), while others have a less close
connection with this virus[22,23]. Mixed cryoglobulinemia is a small vessel vasculitis
that predominantly affects the skin, joints, peripheral nerves, and kidneys, and in 80%
of cases is caused by HCV. Clinical manifestations are variable, ranging from mild
manifestations (purpura or arthralgia) to more serious conditions such as glomer-
ulonephritis or generalized vasculitis[24]. B-cell non-Hodgkin’s lymphoma is partic-
ularly common in HCV infected patients[25,26], and over the last years the association
between these two diseases has been confirmed in some meta-analyses[27,28]. The
association between HCV infection and lymphoma seems to be greater in Mediter-
ranean countries, Japan, and Brazil[29], while it seems less strong in the United
Kingdom, Northern Europe, and Canada[30]. In the United States, two extensive
studies showed a modest increased risk of developing B-cell non-Hodgkin’s
lymphoma in infected HCV patients compared to negative controls[31,32].

Other pathological conditions that have been associated with chronic HCV infection
include autoimmune disorders (such as arthritis, Sjogren’s syndrome, hemolytic
anemia, autoimmune thrombocytopenia)[33], chronic kidney failure secondary to the
onset of glomerulonephritis[24], cardiovascular diseases[34], endocrine disorders
(such as thyroiditis), and type 2 diabetes mellitus[35].

THERAPY FROM INTERFERON MONOTHERAPY TO INTERFERON-FREE
REGIMENS: BEGINNING OF A NEW ERA

The discovery of second-generation direct-acting antiviral agents (DAAs) was a real
revolution in the treatment of hepatitis C (Figure 1). In the early 1990s, the use of alpha
interferon (IFN) (3 million units three times a week for 6 mo) gave rather unsatis-
factory results, with a sustained virological response rate (SVR) of about 25%[36]. The
addition of ribavirin (RBV) combined with IFN 2a for 48 wk provided a good increase
in the SVR rate, showing an efficacy of 43% compared to 19% of SVR in patients
treated with IFN in monotherapy for 48 wk. However, patients receiving combination
therapy showed a higher rate of adverse events (19% vs 13%) than patients in
monotherapy, particularly anemia and leukopenia[37]. In the early 2000s, the use of
pegylated IFN (peg-IFN) with the addition of RBV further improved viral eradication
rates, with an SVR greater than 50%[38,39].

In 2011 the addition of protease inhibitors, such as boceprevir and telaprevir, to the
standard therapy with peg-IFN + RBV allowed the achievement of eradication rates
higher than 60% in the treatment of genotype 1 chronic HCV infection[40-43]. This
triple therapy was, however, burdened by a greater number of adverse events than the
standard therapy, particularly anemia, dysgeusia, and skin rash for boceprevir[41,44].
The use of telaprevir was more associated with the onset of skin rash, itching, anemia,
nausea, and diarrhea[40,42]. In 2013 a new protease inhibitor, simeprevir, was used in
combination with peg-IFN and RBV, which allowed a further increase in the success
rate of antiviral therapy (86%) and a reduction of adverse events associated with
previous regimens[45,46].
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Figure 1 Sustained virological response rate of hepatitis C virus antiviral treatment, from interferon to direct-acting antiviral agents’
regimens. SVR12: Sustained virologic response 12 wk post-treatment; IFN: Interferon; RBV: Ribavirin; peg-IFN: Pegylated interferon; PI: Protease inhibitor; SMV:
Simeprevir; SOF: Sofosbuvir; LED: Ledipasvir; GLE: Glecaprevir; PIB: Pibrentasvir; VEL: Velpatasvir.
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The big breakthrough came with the commercial introduction of sofosbuvir, a
polymerase nucleotide inhibitor. Initially, it was used in combination with peg-IFN
and RBV, obtaining a SVR rate of 90% and allowing a reduction of the treatment
period to 12 wk[47-49]. It subsequently became the fundamental drug for the first IFN-
free regimens[50], exceeding 95% of SVR in combination with ledipasvir in the
treatment of genotype 1 HCV chronic infection[51]. Finally, a further step in the
treatment of chronic HCV infection was the advent of pangenotypic regimens, such as
sofosbuvir/velpatasvir and glecaprevir/pibrentasvir that guarantee an SVR rate close
to 100% in all HCV genotypes[52-55]. The glecaprevir/pibrentasvir combination
allowed a further reduction in the treatment period by showing a 99% of SVR in non-
cirrhotic patients treated for 8 wk[56,57] (Table 1).

DAAS IN CIRRHOTIC PATIENTS

The second generation DAAs, thanks to their effectiveness and high safety profile,
have allowed the treatment of patients once considered difficult to treat. In patients
with compensated cirrhosis DAAs showed a 95% eradication rate, slightly lower
(86.1% and 88.3%) in patients with Child Pugh score B[58,59]. Even in cirrhotic
patients the treatment period has been further reduced. In a recent trial, the adminis-
tration of glecaprevir/pibrentasvir for 8 wk in treatment-naive patients with
compensated cirrhosis showed efficacy and safety comparable to the 12 wk regimen
[60]. A recent study of 667 patients with advanced/decompensated cirrhosis treated
with DAAs showed an improvement of at least 3 points in the MELD score in 29% of
patients at a long-term follow-up. This improvement was more frequent in patients
with MELD score 2 16 at baseline (45%)[61]. In addition, DAA treatments reduced the
hospitalization rate of patients with HCV-related liver cirrhosis[62] and allowed a
reduction of liver transplantation for related HCV diseases in Europe from 22.8% in
the IFN/RBV era to 10.6% in the first half of 2017[63]. Therefore, treating patients with
compensated or decompensated cirrhosis with DAAs not only allows viral eradication,
but also an improvement in the natural history of this disease.

IFN-free therapies have shown efficacy and safety even in patients with HCC. In a
recent meta-analysis by He et al[64], 3126 patients with a prior history of HCC or with
present HCC were compared with 49138 cirrhotic patients without HCC showing a
percentage of SVR of 88.2% and 92.4%, respectively (P > 0.001). After initial
controversy over the possibility that the DAAs could increase the occurrence or
recurrence of HCC[65], in recent years several studies have denied this possibility. In a
large cohort study of about 60000 patients, loannou et al[66] compared the incidence of
HCC in patients treated with IFN-only, DAA + IFN, and DAA-only. Authors showed
that SVR was associated with a significantly decreased risk of HCC in multivariable
models irrespective of whether the antiviral treatment was DAA-only, DAA + IFN, or
IFN-only. Particularly, DAA-induced SVR is associated with a 71% reduction in HCC
risk.
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Table 1 Direct-acting antiviral agents currently available in Italy and clinical indications (from Italian Association for the Study of the

Liver[253])

DAAs

Clinical indications

Glecaprevir/Pibrentasvir

Grazoprevir/Elbasvir

Sofosbuvir/ Velpatasvir

Sofosbuvir/ Velpatasvir/ Voxilaprevir'

Pangenotypic regimen

8 wk treatment in naive/experienced (except GT3) non-cirrhotic pts and naive CPT
A5 cirrhotic pts

12 wk treatment in experienced (except GT3) CPT A5 cirrhotic pts

16 wk treatment in experienced GT3 non-cirrhotic or CPT A5 cirrhotic pts
ESRD and/ or hemodialysis (same treatment duration of pts without CKD)
Contraindicated in decompensated cirrhosis

GT1b, GT4

12 wk treatment in GT1b or GT4 with HCV-RNA < 800000 IU/mL,
naive/experienced, CPT A5 cirrhotic or non-cirrhotic pts

ESRD and/or hemodialysis (same treatment duration of pts without CKD)
Contraindicated in decompensated cirrhosis

Pangenotypic regimen

12 wk treatment in naive/experienced, cirrhotic or non-cirrhotic pts
Indicated in decompensated cirrhosis

Add RBV (if tolerated) in GT3 cirrhotic pts or in decompensated cirrhosis
Optimal profile for drug interactions

Contraindicated in pts with eGFR < 30 mL/min

Pangenotypic regimen

8 wk treatment in naive/experienced non cirrhotic pts or GT3 naive/experienced
CPT A5 cirrhotic pts

12 wk treatment in GT1, 2, 4, 5, 6 naive/experienced CPT A5 cirrhotic pts
First line therapy for retreatment after DA As failure
Contraindicated in pts with eGFR < 30 mL/min

Contraindicated in decompensated cirrhosis

'In Italy, this regimen is currently refundable only for retreatment after direct-acting antiviral agent failure. DAAs: Direct-acting antiviral agents; GT:
Genotype; pts: Patients; CPT: Child Pugh Turcotte Score; ESRD: End stage renal disease; CKD: Chronic kidney disease; RBV: Ribavirin; eGFR: Estimated
glomerular filtration rate; HCV: Hepatitis C virus.

JBaishideng®

In a study involving 18076 patients treated with DAAs, with a follow-up of about 3
years, Kanwal et al[67] showed a cumulative incidence of HCC occurrence at 1, 2, and
3 years of 1.1%, 1.9%, and 2.8%, respectively. In patients with cirrhosis the cumulative
incidence was 2.2%, 3.8%, and 5.6% at 1, 2, and 3 years, respectively. Two recent
prospective Italian studies showed an incidence of HCC in patients treated with DAAs
less than 3%, and in both studies the lack of SVR was a risk factor for the development
of HCC[68,69].

Careful screening for hepatic nodules is essential before starting treatment with
DAAs as the presence of undefined/benign hepatic nodules is significantly associated
with HCC occurrence during or after treatment with DAA[70,71]. The recurrence rate
of HCC in patients treated with DAAs is quite varied in literature, ranging from 2.2%
in a cohort of liver transplant recipients for HCC and then treated with DAAs to 45.1%
in cirrhotic patients[72]. In a broad, retrospective cohort study, patients treated with
DAAs were compared with HCV-infected, cirrhotic patients that had not received any
antiviral treatment, showing a lower early recurrence rate of HCC in the group of
patients treated with DAAs (42.1% vs 58.9%)[73]. Finally, treatment with DAAs
showed an improvement in survival in cirrhotic patients with HCC compared to
patients with HCC and chronic HCV infection not treated with DAAs, thus resulting
in effective, safe and beneficial treatment for patients[74-76].
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IFN-FREE REGIMEN IN EXTRAHEPATIC MANIFESTATIONS

DAA regimen has been shown to be highly effective in treating patients with chronic
HCV infection and the concomitant presence of extrahepatic manifestations, such as
mixed cryoglobulinemia and/or lymphoma. The SVR rate is similar compared to
patients with no extrahepatic symptoms, exceeding 90%[77]. In a study by Passerini et
al[78], 93 patients with chronic HCV infection and mixed cryoglobulinemia treated
with DAAs were enrolled and compared with a control group of 89 HCV infected
without mixed cryoglobulinemia also treated with an IFN-free regimen. The SVR rate
was superimposable between the two groups, and the percentage of adverse events
was similar. The authors demonstrated the high efficacy and safety of DAA treatment
in patients with mixed cryoglobulinemia.

Conflicting data have been collected on the effectiveness of DAA regimen in the
treatment of mixed cryoglobulinemia. In a study involving 148 patients with HCV
infection and secondary mixed cryoglobulinemia vasculitis treated with DAAs with an
average follow-up of about 15 mo, it was observed that 72.6% of patients obtained a
complete response (defined as improvement of all organs involved at baseline without
subsequent relapse), 22% a partial response, while 5% had no clinical response.
Cryoglobulins were eliminated in the blood in about 50% of patients, while in over
90% of patients vasculitic and renal manifestations were eliminated; in 86% of patients
an improvement of arthralgia was observed. Factors associated with a partial or absent
response were a severe form of vasculitis and peripheral neuropathy[79]. In a recent
work by Colantuono et al[80], 70 patients with HCV and mixed cryoglobulinemia
vasculitis treated with DAAs were compared with 39 patients with the same clinical
condition treated with IFN. The percentage of patients achieving at any time point of
follow-up (more than 2 years) a complete or partial response was similar in the two
groups, but patients treated with an IFN-free regimen had less effectively eliminated
cryoglobulins and B-cell clones in the blood. Most importantly, they had a significantly
higher percentage of vasculitis relapse (18% vs 3%, P = 0.028) and a greater need for
treatment with rituximab.

In 2017, our group demonstrated that DAA therapy was safe and effective in
patients with chronic HCV infection and with diffuse large B cell non-Hodgkin
lymphoma (DLBCL) in current chemotherapy. In this small cohort of patients the SVR
rate was 100%, and it emerged that patients treated with DAAs had a greater disease-
free survival than HCV+ patients with DLBCL not treated with antiviral therapy
(historical cohort). In multivariate analysis, DAAs have proven effective (P = 0.012) in
improving remission of aggressive lymphoma in HCV+ patients[81]. Our data were
subsequently confirmed in a study by Pellicelli et al[82], in which they demonstrated
how HCV+ patients with DLBCL treated with DAAs or with peg-IFN + RBV who had
not obtained SVR showed a greater relapse of DLBCL after chemotherapy than
patients who reached a SVR. Furthermore, an Italian-French cohort of 47 HCV+
patients with DLBCL showed an SVR rate of 96% and a progression of lymphoprolif-
erative disease in only three patients who had obtained SVR[83].

In a recent paper by Frigeni et al[84], 100 HCV+ patients with indolent non-Hodgkin
lymphoma treated with an IFN-free regimen were enrolled. They showed an SVR rate
of 99%, with an overall hematological response rate of 66%, with 23% of complete
response and 43% of partial response; a higher overall hematological response rate
was observed in marginal zone lymphoma than in non-marginal zone lymphoma (73%
vs 48%, P = 0.021). Moreover, in this study a comparison between patients treated with
DAAs alone as first-line therapy for indolent non-Hodgkin lymphoma (excluding
patients previously treated with IFN) and a historical cohort of HCV+ patients with
indolent non-Hodgkin lymphoma treated with IFN was performed. Although the SVR
rate was higher in patients treated with DAAs, IFN therapy had a higher percentage of
complete response and a higher median duration of response than DAAs, thus
demonstrating a greater anti-lymphoma action than IFN-free regimens, secondary to
the well-known antiproliferative activity of IFN. The hematological outcomes in terms
of overall survival and progression-free survival (PFS) were overlapping[84]. Finally, a
recent meta-analysis of our group comprising 317 HCV+ patients with non-Hodgkin
lymphoma treated with DAAs and/or an IFN-based regimen and 250 controls not
treated with antiviral therapy showed how the achievement of an SVR, regardless of
the antiviral treatment performed, has a strong positive effect on the non-Hodgkin
lymphoma outcome in terms of progression-free survival[85].
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DAAS IN PATIENTS WITH CHRONIC KIDNEY DISEASE

DAAs are effective and safe in patients with chronic kidney disease (CKD) and/or
hemodialysis. Antiviral treatments containing sofosbuvir are currently not
recommended as first-line therapy in patients with CKD and or end stage renal disease
due to its renal metabolism and possible adverse events on kidney function[86]. The
first combination to be used was ombitasvir/ paritaprevir/ritonavir + dasabuvir in the
treatment of patients with genotype 1 and 4[87]. Subsequently, the combination
grazoprevir/elbasvir showed efficacy and safety in patients with CKD and HCV
chronic infection genotypes 1 and 4[88,89]. The pangenotypic regimen glecaprevir/
pibrentasvir showed high SVR rates and satisfactory safety profile in the treatment of
moderate/advanced CKD and/or hemodialysis patients with HCV chronic infection
genotype 1-6 for 12 wk of treatment[90]. In a recent trial, the administration of
glecaprevir/pibrentasvir for 8 wk in non-cirrhotic patients with moderate/advanced
CKD and/or in hemodialysis with chronic HCV infection (all genotypes) showed SVR
rates comparable to the 12 wk, thus allowing a significant reduction in the treatment
period[91]. The effectiveness and safety of glecaprevir/pibrentasvir in patients with
CKD or end stage renal disease has also been tested in real life settings[92,93], showing
data superimposable with controlled trials. The efficacy and safety of sofosbuvir/
velpatasvir has recently been tested in patients with CKD and/or hemodialysis.
Although the two cohorts are limited (51 and 59 patients, respectively), the SVR rate
was high (96% and 95%) with an acceptable safety profile[94,95]. Studies with larger
populations will be needed to confirm these data.

NEW TARGET: ELIMINATION OF HCV INFECTION. A PATH INTERRUP-
TED BY THE GLOBAL PANDEMIC

In 2016, the WHO set the challenge of eliminating HCV infection and blocking its
spread worldwide by 2030[96]. In order to achieve this objective, the European
Association for the Study of the Liver has proposed to strengthen the measures of case
finding and treatment in populations at greater risk of infection, such as people who
inject drugs, prisoners, the homeless, and men who have sex with other men, so as to
obtain a microelimination in these populations and subsequently the macroelimination
of HCV infection[97]. In a recent study of our group in which 160 people who inject
drugs with HCV infection, afferent to drug addiction centers were treated, the SVR
rate was 98.5% without significant side effects[98]. Furthermore, the concomitant
opioid substitution therapy does not affect the efficacy and safety of DAAs[99]. Even
in a complicated context such as prison, therapy with DAAs has proved highly
effective, with a 100% SVR in 46 convicts in southern Italy. This study highlights how
difficult it is to reach these patients not to treat them[100].

The conditions for achieving microelimination in 2030 were quite satisfactory, but
the recent global pandemic caused by severe acute respiratory syndrome coronavirus
2 infection has suddenly interrupted this process. Indeed, the national health systems
have had to concentrate all their resources (human, structural, and economic) on the
fight against this infection, temporarily putting aside the activities of screening and
treatment of chronic diseases, such as chronic HCV infection. In a study conducted at
the Boston Medical Center, it was shown that between March and June 2019, there was
a 49% reduction in the performance of HCV tests and a 42% reduction in new HCV+
patient identification hospital wide. These numbers are even higher in ambulatory
clinics connected to this center for screening programs for HCV infection with a
reduction of 72% and 63% in the number of HCV tests performed and in the new
HCV+ patient identification, respectively[101].

In Italy, a recent survey proposed by the Italian Association for the Study of the
Liver showed that outpatient activities concerning viral hepatitis were reduced in 99%
of hospitals involved in the study, and the start of antiviral treatment has been
postponed in 23% of centers, even for patients considered at risk of disease evolution
[102]. In Germany between March and May 2020 there was also a sharp reduction in
outpatient hepatological activities and in the prescription of anti-HCV treatments
[103]. The consequences of this reduction in the screening and treatment of hepatitis C
could be serious in the near future. In a study by Blach et al[104], it was estimated that
in the decade 2020-2030 there could be 900000 missed new diagnoses of HCV infection
and a reduction of about 750000 treatments due to the global pandemic. This could
result in an increase in end-stage disease outcomes, with 44800 excess HCC cases and
72300 excess liver-related deaths predicted over 2020-2030.
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HEPATITIS B

HBYV, the pathogen responsible for hepatitis B, is a major public health problem, as
both its acute and chronic infections are still responsible for numerous cases of
morbidity and mortality. International guidelines provide specific indications (with
few differences from one another) on antiviral therapy against HBV, but this field still
represents an open challenge because despite the increasing effectiveness of anti-HBV
drugs approved over the years, a definitive cure for hepatitis B does not yet exist.

EPIDEMIOLOGY

In 2016, a worldwide prevalence of hepatitis B surface antigen (HBsAg) positivity of
about 292 million people was estimated and that in the same year only 10% of these
were identified[105]. Moreover, it was calculated that this virus caused 887000 deaths
in 2015, mainly from cirrhosis or HCC. Africa and the Western Pacific are the areas
with the higher prevalence of infection, and the WHO African Region was estimated to
have the lowest vaccine birth dose coverage[105,106]. Despite the open challenges,
important results have already been achieved, such as the reduction in chronic
hepatitis B (CHB)[106-108], HCC[109], extrahepatic manifestations, and decreased
mortality for fulminant hepatitis[110] due to vaccination against this virus.

HBV can spread in different ways. In high prevalence areas, transmission during the
first years of life is the most common. In this age group, they can be distinguished by
perinatal transmission (from infected mother to newborn), that is the most widespread
worldwide and occurs at the time of birth, shortly after, or rarely in the intrauterine
life and horizontal transmission during childhood that is prevalent in certain countries
and can occur via small lesions through contaminated environmental surfaces[106,
108]. Horizontal infections in adulthood occur mainly through the parenteral route in
both health care settings (due to the use of contaminated blood derivatives or contam-
inated instruments) or in the context of intravenous drug use, such as opioids. Getting
tattooed and performing piercings are other procedures that can allow HBV spread
[106]; sexual intercourse is a consistent risk factor for certain categories of people, such
as male homosexuals or people who have multiple partners[106,108]. In addition to
blood, HBV is found in saliva, seminal, vaginal, or menstrual fluids[106,111].

HISTORY, CLASSIFICATION, AND VIROLOGY

In 1965, Blumberg et al[112] described the formation of precipitins (precipitating
antibodies) after contact between serum from two hemophilic patients and that of an
Australian aborigine. Since this antigen (called “Australia antigen”) was subsequently
found also in the serum of patients suffering from acute hepatitis, it was hypothesized
that it could be linked to a hepatitis virus[113]. Following observations through
electron microscopy, in 1970 David Dane made it known for the first time that the
agent responsible for the “Australian antigen-associated hepatitis” was a virus of 42
nm in diameter[114], therefore called “Dane particles.” The term “hepatitis B virus,”
however, appeared several years before identification of this virus (in 1947) and was
proposed to distinguish the two different types of hepatitis that were known at the
time[115,116].

HBV belongs to a family of hepatotropic, DNA viruses named Hepadnaviridae. This
family includes five genera: Avihepadnavirus, Herpetohepadnavirus, Metahepad-
navirus, Orthohepadnavirus, and Parahepadnavirus. The genus Orthohepadnavirus
comprises 12 species (which can be hosted by a wide range of mammals) among which
there is the HBV species that infects humans and apes[117,118]. HBV is divided into
four serotypes (adw, ayw, ayr, and adr) based on HBsAg and depending on nucleotide
sequences in ten different genotypes (A, B, C, D, E, F, G, H, 1, J)[118,119]. There are
some subtypes of the different genotypes. The various genotypes have a different
geographical distribution, are associated with different responses to therapies
(genotypes A and B have a better response to IFN than C and D), and outcomes
(genotype C is associated with an increased risk of advanced fibrosis and HCC)[119].

The HBV genome consists of a 3.2 kb long, partial double stranded, relaxed circular
DNA molecule, formed by a complete coding negative strand, linked to the viral
polymerase, and an incomplete noncoding positive strand. The minus strand contains

four open reading frames (ORF) that partly overlap: preC/C, P, preS/S, and X[117,119,
120].
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PreC region (pre-core) encodes the E antigen (HBeAg) which unlike HBc (that
remains in the cell) is secreted into the circulation; this protein has immunomodu-
latory/tolerogenic functions, and it is believed to give the virus an evolutionary
advantage (in fact it is found in all Orthohepadnaviruses). It is still unclear if it could
also have other roles[121,122]. ORF C encodes the highly antigenic and self-assembling
core protein HBc, which constitutes the structural protein (HBcAg) that covers the
HBV DNA forming the nucleocapsid. It also participates in other steps of the HBV life
cycle, including viral replication[123]. ORF P encodes the viral polymerase (P protein),
a multifunctional protein responsible for viral replication; this latter is divided into
four (TP, spacer region, RT, and RNase H) domains that allow the DNA or RNA
reverse transcription and the ribonuclease activity[124]. Pre-S (1 and 2)/S ORF encode
the HBsAg that form the viral envelope; they are distinguished in small, medium, and
large surface proteins. Small surface proteins are the most abundant envelope protein
and includes the “a” determinant, which is the main target of the neutralizing anti-
HBs response. HBV results in an icosahedral shaped, enveloped particle of about 42
nm in diameter[125]. ORF X encodes the HBx protein, whose functions have long been
unclear; it can transactivate several viral and cellular gene promoters and cause
epigenetic modifications of covalently closed circular DNA (cccDNA)[126].

HBV LIFE CYCLE

The life cycle of HBV has been described in detail. Briefly, the virus initially attaches to
the hepatocyte surface through a low affinity binding of S-HBsAg with heparan sulfate
proteoglycans. Glypican-5 was recently found to be involved in the early stages of
HBYV attack on the host cell. Hence, a highly specific bond between L-HBsAg and
sodium-taurocholate cotransporting polypeptide takes part, and this is followed by
entry via endocytosis[120,127,128]. Once inside the cell, the fusion of the envelope with
the endosome membrane causes the release of the nucleocapsid into the cytoplasm,
and subsequently the HBV relaxed circular DNA is transported to the nucleus. After
completion of the positive strand, the HBV DNA is converted into a cccDNA molecule
that remains stable in the nucleus in the form of a chromatin-like minichromosome
[120,129]. Here it can undergo epigenetic modifications that modify its expression. The
cccDNA probably persists for the entire life of the hepatocyte and explains the
persistence of this virus and the viral reactivations that occur in certain patients, such
as immunosuppressed or those who stop antiviral therapy[128]. The cccDNA serves as
a template for the transcription of viral mRNAs by the host’s RNA polymerase II. The
envelope and the HBx proteins originate from the subgenomic RNAs, while the core
protein and viral polymerase derive from pregenomic RNA (pgRNA). This latter is
also encapsulated together with HBV polymerase by core proteins to form immature
particles. After encapsulation, the pgRNA will serve as a template for the reverse
transcription of HBV DNA that is first synthesized in its minus strand[120,128,129].
The latter acts as a template for the synthesis of the positive HBV strand, which will
result as partially incomplete. These nucleocapsids are supplied with envelope
proteins in the endoplasmic reticulum (ER), and further modifications occur in the
Golgi complex[120]. Finally, complete particles and sub-viral particles (including “S”
antigen) are released from the host cell. Other nucleocapsids, on the other hand,
recirculate in the nucleus to supply it with viral genome. HBV is not cytopathic, and
liver damage is mediated by the immune system[107].

CONVENTIONAL AND NEW MARKERS

In the acute HBV infection, the appearance of HBV DNA is followed by HBsAg and
HBeAg (the latter, as well as HBV DNA, is a marker of viral replication). HBsAg
appears and increases approximately by 1-10 wk after contact with HBV, and anti-HBc
IgM and then IgG are found in the serum about 2 wk after the appearance of HBsAg
[130,131]. HBV DNA and HBsAg persist for the time of duration of clinical manifest-
ations, while HBe seroconversion usually coincides with the peak of clinical illness
[131]. Following the disappearance of HBsAg, anti-HBc IgM may be the only
detectable marker. In those who develop them, anti-HBs appear during or after
recovery from the disease; they are a marker of immunity against HBV and are found
together with anti-HBc IgG in those who had a past infection or alone in vaccinated
people[131].
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An occult HBV infection (OBI) is defined by the combination of HBsAg absent/HBV
DNA present in the liver (e.g., cccDNA) and HBV DNA absent or present in the serum.
This phase is distinguished in seropositive OBI [(anti-HBc and/or anti-HBs positive)
that may occur both after overcoming an acute infection or following a chronic
infection/hepatitis] and seronegative OBI [(anti-HBc and anti-HBs negative) that may
result from the progressive loss of antibodies against HBV or because they never
developed][132]. It is of crucial importance to recognize an OBI because of the high
risk of viral reactivation that exists for such patients in certain circumstances (e.g., anti-
CD20 chemotherapy regimens for hematological malignancies)[133].

HBsAg persistence for at least 6 mo is defined as chronic hepatitis B[108,131]. In this
case, the HBeAg and HBV DNA persist for a long time. Levels of HBsAg vary in the
different phases of the disease and as well as the values of HBV DNA correlate with
the risk of developing cirrhosis and HCC[134,135]. As discussed below, HBsAg loss is
associated with a reduction (but not abolition) in the occurrence of HBV related
complications, but it is a rare event. Furthermore, it is not yet known whether the
appearance of anti-HBs confer greater advantages in terms of clinical outcomes than
the disappearance of HBsAg alone[135]. In recent years, new biomarkers have been
studied to overcome the limitations offered by those currently in use.

HBcrAg is made up of three related viral proteins (HBcAg, HBeAg, and p22cr; the
latter is a 22-kDa pre-core protein) that share a 149 amino acids long identical
sequence. HBcrAg measurement is not redundant to that of HBsAg, and this marker
can also be detected in HBsAg negative patients. It showed an association with
intrahepatic cccDNA, intrahepatic pgRNA, HBV translational activity, and serum HBV
DNA[136]. From a practical point of view, higher levels of HBcrAg were found to be
associated with an increased risk of HCC onset [in nucleos(t)ide analogues (NAs)
treated or untreated patients] and recurrence. Moreover, this marker was linked to the
risk of viral reactivation, response to treatment, and relapse after therapy withdrawal
[136-138]. The latest guidelines for the management of HBV infection of the Japan
Society of Hepatology recommend HBcrAg dosage to predict the risk of relapse after
cessation of therapy, while in Europe and the United States it has not yet entered into
daily practice. Other tools that have been explored in the context of HBV infection
include circulating HBV RNA (prediction of response to treatment and relapse after
the end of treatment), anti-HBc titers, and HBeAg levels[138].

CLINICAL MANIFESTATIONS OF HBV INFECTION

This virus causes acute and chronic infections. After contact with HBV, the incubation
period is approximately 75 d, but it can be very variable[106]. Acute hepatitis B can be
asymptomatic or symptomatic, with varying severity. Newborns and children usually
have an asymptomatic and anicteric course, while adults can develop a symptomatic
hepatitis in 30%-50% of cases. Fulminant hepatitis occurs in about 0.1%-0.5% of
infected patients[131,139]; it is probably due to an abnormal response of the immune
system and has a very high rate of mortality. In symptomatic patients, the disease can
run through the typical course of acute hepatitis (incubation, prodromal, icteric, and
resolution periods). A few weeks after the appearance of viral markers in the serum,
abnormalities of liver biochemistry can be found[131]; transaminases can exceed 1000
IU/L [with alanine aminotransferase (ALT) greater than aspartate aminotransferase],
bilirubin increase can be of varying degrees depending on the severity of the disease,
whilst an increase in international normalized ratio (> 1.5) is typical of severe forms
[107]. Clinical and laboratory resolution occur in highly variable timescales, depending
on the severity of the disease. In adults, the disease spontaneously resolves itself in
more than 95% of cases, and this is followed by the appearance of anti-HBs.
Progression to chronic hepatitis mainly depends on the age at which the infection is
acquired. It occurs in about 90% of cases if the infection is acquired in the perinatal or
infantile period, 30%-50% if acquired by children up to 6-years-old, and less than 5% if
acquired in adulthood[106,139]. Chronic hepatitis B proceeds through various phases
characterized by different laboratory findings, and chronically HBV infected and
untreated people have a 5-year cumulative incidence of cirrhosis of 8%-20%.
Therefore, the disease can further progress to the onset of complications and HCC. The
latter was found to arise with an incidence rate of 2%-5% per year in HBV cirrhotic
patients[106,107]. Viral, host, or environmental related factors (genotype C, older age,
male gender, coinfection with HDV, HCV, and HIV, alcohol, diabetes, and others) can
increase the probability of worse outcomes, including HCC[107,139]. Several
extrahepatic manifestations can be observed in the context of HBV infection and are
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thought to be due to the formation of immune complexes with HBsAg or HBeAg.
Among these, there are systemic syndromes (serum sickness-like or flu-like), vasculitis
(e.g., polyarteritis nodosa), glomerulonephritis, skin manifestations (e.g., purpura and
lichen planus), polyarthritis, neurological disorders (e.g., Guillain-Barré syndrome),
cryoglobulinemia, and increased inflammatory indices[107,140]. It has also been found
that HBV infected people have a higher risk of developing B-cell lymphoma[141].

PHASES OF CHRONIC INFECTION

HBYV chronic infection is a dynamic condition, and its course depends on the virus-
host relationship. To characterize the disease and choose whether to start the
treatment, viral (HBsAg, HBeAg, anti-HBe, HBV DNA) and liver damage (ALT,
fibrosis, or necroinflammation through non-invasive tests such as liver elastography or
score results or with liver biopsy) markers must be evaluated. Based on the results of
these tests, various phases (Table 2) of CHB can be identified[107,142].

The last phase, described above, is the occult phase (also named HBsAg loss phase,
resolved CHB, or phase 5)[109,143,144]. Gish et al[144] also proposed two theoretical
phases: “clearance of cccDNA” and “clearance of cells that have integrated HBV.”
Progression from one phase to another is not necessarily sequential (e.g., the phase 2
can be followed by phase 3 or directly by phase 4), and the return to a previous phase
is also possible. Moreover, in daily practice, several cases of CHB may not belong to
any of these phases (for example during transition between phases or in the presence
of concomitant liver diseases)[107,143].

HBV AND HCC

HCC has variable incidence rates worldwide, depending on the prevalence of the
various risk factors around different geographical areas. Most cases, however, are
documented in the Asian regions[145]. In 2015, there were about 854000 incident cases
of HCC, and this cancer caused 810000 deaths worldwide; these numbers are expected
to increase in the coming years[146]. In most cases, HCC develops in the context of
cirrhosis, but it is well known that many HCCs arise in the absence of such disease.
Although the prevailing causes of HCC vary by region, HBV is the overall leading
cause. Despite an observed increase in the overall number of cases in the 1990-2015
time frame, a deflection of incidence rates of liver cancer due to HBV was also
reported during the same period[146]. This virus can cause HCC in the absence of
cirrhosis and at a younger age compared to other etiologies[147]. In addition to viral,
host, and environmental risk factors mentioned above, several conditions have been
associated with the onset of HBV-related HCC[148]: host genetic predisposition (e.g.,
single nucleotide polymorphisms). Immune response to HBV, cell death, hepatic
inflammation, and liver fibrosis create an optimal substrate for the onset of HCC.
Mutations in the HBV preS1/S2 domain cause an accumulation of altered large surface
proteins in the ER, resulting in the development of oxidative stress. Integration of
HBV-DNA into the host genome causes genomic instability or direct involvement
(insertional mutagenesis) of cancer-associated genes (e.g., TERT, MLL4, CCNEI).

Viral proteins (HBx, preS and HBc) interfere with critical steps of cell life cycle.

The HBx protein can have a procarcinogenic role as it causes reactive oxygen species
production in mitochondria and ER stress. It can interfere in cancer-related pathways (
e..,Jak/STAT, RAS/RAF/MAPK, or Wnt/B-catenin; moreover HBx is able to
inactivate p53) and can cause epigenetic modifications of the host DNA. It alters the
expression of microRNAs and long noncoding RNAs, and it interferes with processes
involved in DNA repair. It was proposed to promote the “stemness” of HCC cells[147-
149]. Much knowledge on HBV-related HCC has been accumulated, but there is still a
gap compared to what is clinically useful.

CURRENTLY AVAILABLE THERAPIES, GOALS, AND UNRESOLVED
ISSUES

The aim of antiviral therapies against HBV is to increase the survival of people
suffering from CHB by reducing cases of liver failure, cirrhosis, and HCC and prevent
the transmission of the infection. Specific terms are used to indicate the goals of
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Table 2 New classification of chronic hepatitis B phases

HBsAg+ 2 6 mo

HBeAg-positive chronic infection (1)

HBe: HBeAg+; HBV DNA: very high; ALT: persistently Ex “immune-tolerant;” Typical of children and young adults infected at birth; HBV DNA: > 1

normal; Liver disease: minimal or absent

HBeAg-positive chronic hepatitis (2)

million IU/mL; highly contagious people; Low rate of spontaneous HBeAg loss.

HBe: HBeAg+; HBV DNA: high; ALT: elevated; Liver Ex “immune reactive HBeAg-positive;” People infected in adulthood are likely to enter this

disease: moderate or severe

HBeAg-negative chronic infection (3)

phase; HBV DNA > 20000 IU/mL; rapid progression to fibrosis; Frequent HBe
seroconversion.

HBe: HBeAg-, anti-HBe+; HBV DNA: low or undetectable;  Ex “inactive HBV carrier;” HBV DNA: < 2000 IU/mL; it can also be > 2000 IU/mL but

ALT: normal; Liver disease: low

HBeAg-negative chronic hepatitis (4)

usually < 20000 IU/mL; Low risk of progression to cirrhosis or HCC; HBsAg loss in
1%-3%/yr.

HBe: HBeAg-, anti-HBe+; HBV DNA: moderate or high; HBV DNA: 2000-20000 IU/mL; Older people, frequent mutant precore HBV; Fluctuating
ALT: elevated (variable); Liver disease: moderate or severe levels of HBV DNA and ALT; Rare spontaneous remission and rapid progression to

cirrhosis.

HBV: Hepatitis B virus; HBeAg: Hepatitis B E antigen; HBsAg: Hepatitis B surface antigen; ALT: Alanine aminotransferase; HCC: Hepatocellular

carcinoma.
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antiviral therapy. With the currently available drugs a “definitive,” “sterilizing,” or
“true” cure for hepatitis B (defined by HBsAg/serum HBV DNA /hepatic
cccDNA /integrated HBV DNA not detected) is not possible, given the persistence of
HBV DNA in the nucleus[107,150]. The “functional cure” corresponds to HBsAg loss,
with or without seroconversion, and undetectable HBV DNA following a course of
antiviral therapy. This event, related to both therapy and disease factors, is associated
with reduced risk of HCC, liver failure, and other liver-related adverse outcomes[151].
This “ideal endpoint” is uncommon with currently available drugs, but after HBsAg
disappearance (both after therapy with NAs or peg-IFN or spontaneous) this result is
generally stable and allows patients to stop the therapy[107,135,143]. Experts believe
that near-future therapies will have to achieve this goal rather than others (that
however may appear more radical), and it is believed that HBsAg loss should be the
primary endpoint of phase III trials[150]. In a recent meta-analysis that included 42588
CHB adult patients, it was observed that HBsAg loss occurred in 3194 of them, with an
annual pooled seroclearance rate of 1.02%. This event was more likely in patients who
were HBeAg negative and those who had lower HBsAg and HBV DNA levels at
baseline. On the other hand, the treatment did not have a major effect in achieving this
goal[151]. Other studies also obtained similar results regarding the rate of spontaneous
or post therapy HBsAg loss. In any case, even after HBsAg loss, the risk of HCC is not
eliminated[107,143].

Therefore, the main and “realistic” endpoint that current therapies can offer
correspond to suppression of HBV DNA or virological response, defined in different
ways depending on type and timing of therapy. Normalization of ALT (biochemical
response), loss of HBeAg + seroconversion, or reduction in necroinflammatory activity
(histological response) are other surrogate but important endpoints. The indications
for treatment (Figure 2) derive mainly from ALT, HBV DNA values, and from the
severity of liver damage defined by liver biopsy or non-invasive tests such as transient
elastography or scores such as FIB-4 and FibroTest[107,142]. A recent meta-analysis
that included 162 studies and 145789 people with chronic HBV infection from all WHO
regions estimated that 19% of infected people were eligible for treatment according to
current indications[152].

Antiviral therapy is usually not indicated in those who have HBeAg-positive (ex-
immunotolerant phase, IT) or negative (ex-inactive carrier phase) chronic infection
[107,150]. IT patients who remain in this phase showed a minimal or no progression of
liver disease[153]. Some studies seemed to provide evidence against such indications,
showing, for example, a greater risk of worse outcomes in untreated IT patients than
those in immune-active phase on NAs[154]. However, these and conflicting results
from other studies were partly attributed to patient inclusion criteria[155]. Anyhow, it
is not excluded that despite current statements IT patients may benefit in the future
from more effective therapies to reduce the viral replication (and the risk of HBV
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Indications for anti-HBV therapy

¢

Compensated cirrhosis Chronic hepatitis B

Decompensated cirrhosis (HBeAg positive or negative)

~ A
R B

Chronic HBV infection
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Figure 2 Indications for anti-hepatitis B virus therapy according to international guidelines. HBV: Hepatitis B virus; HCV: Hepatitis C virus; HDV:
Hepatitis D virus; HCC: Hepatocellular carcinoma; HBeAg: Hepatitis B E antigen; HBsAg: Hepatitis B surface antigen; CHB: Chronic hepatitis B; ALT: Alanine

aminotransferase; ULN: Upper limits of normal; DAA: Direct-acting antiviral agents.

transmission) and potential complications[150].
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The drugs currently used for the treatment of HBV infection are: NAs: nucleoside
analogues [lamivudine, telbivudine, entecavir (ETV)]; nucleotide analogues [adefovir
dipivoxil, tenofovir disoproxil fumarate (TDF), tenofovir alafenamide fumarate;
besifovir dipivoxil maleate was recently approved in Korea]; and peg-IFNa.

Between these options, the most used are NAs[107,119]. This class of drugs inhibits
reverse transcription activity of HBV DNA polymerase; NAs compete with natural
substrates, and their integration in the nascent viral DNA chain interrupts its
formation[156]. Lamivudine, adefovir dipivoxil (the first two approved NAs for the
treatment of hepatitis B), and telbivudine have a low barrier to resistance and therefore
are characterized by a high percentage of cases of resistance during therapy (70% for
lamivudine and 29% for adefovir dipivoxil after 5 years of therapy)[107,157]. Despite
this, these drugs are still used in some countries mainly for their low cost[157].

On the other hand, ETV, TDF, and tenofovir alafenamide fumarate, the most
powerful NAs available today, have a high barrier to resistance. They are associated
with higher HBV DNA suppression rates and are the recommended first-line drugs for
treatment of CHB. These NAs have a high tolerability and can be used regardless of
the severity of the liver disease (even in decompensated cirrhosis) and comorbidities
[107]. The occurrence rate of resistance to ETV after 5 years of therapy was shown to
be approximately 1% in nucleoside naive CHB patients, while no cases of resistance
were recorded in a 7 year-long study in which 437 CHB patients received TDF
monotherapy[158] and in other long-standing studies[107]. Accordingly, the discovery
of tenofovir resistant strains would be of considerable impact.

Two cases of viral breakdown addressed to a quadruple mutation (CYEI) were
recently reported in CHB patients and linked to the ongoing therapy, which included
TDF. It was therefore emphasized that in these cases there would be no consolidated
possibilities of therapy[159]. In a response study, however, it was pointed out that
CYEI mutation was already documented before the availability of TDF, suggesting
that it could (rarely) arise in therapy naive people. Other evidence behind the reduced
susceptibility /resistance to tenofovir has recently been claimed, but currently the
clinical impact of this phenomenon is limited[160,161].

Although NAs have been shown to effectively suppress HBV DNA and reduce the
progression of liver disease, the disappearance of HBsAg, as already mentioned, rarely
occurs, and they have no direct effect on cccDNA. Nevertheless, a study on patients on
long-term therapy with NAs showed that they can achieve a reduction in intrahepatic
HBV DNA and cccDNA and that the latter can also become not detectable[162]. It was
recently observed, however, that among patients that were part of the same study who
had undetectable cccDNA, all those who discontinued antiviral therapy (n = 13)
experienced an HBV DNA rebound, unlike those who continued treatment. These
results suggested that even small, not detectable amounts of cccDNA may allow the
virus to reactivate[163]. NAs require frequent monitoring, and usually they must be
assumed for an indefinite period. Moreover, the risk of HCC is not eliminated, and
long-term therapy is associated with some adverse events. To reduce renal or bone
toxicity, ETV or tenofovir alafenamide fumarate should be preferred over TDF[107,
142].

Conversely, peg-IFNa is administered for a finite period, generally 48 wk, but
longer durations are also recommended in certain cases[107]. The choice between peg-
IFNa and the NAs depends on the patient and his preferences, previous treatments,
virological factors, and the liver disease. However, it requires subcutaneous injection,
and it is associated with well-known side effects. Moreover, due to its non-optimal
safety profile, it is contraindicated in patients with decompensated cirrhosis, in cases
of other co-morbidities (e.g., autoimmune diseases, psychiatric disorders, cytopenias),
during pregnancy, and in severe acute hepatitis B or liver failure, and it is not
recommended in some patients with compensated cirrhosis (e.g., those with portal
hypertension)[107,142]. Combination therapy (NA-IFN) increased response rates but is
currently not recommended as further confirmations are needed[107,119]. The
response to anti-HBV therapy and its effect on liver-related outcomes, such as the
onset of HCC, were found to vary also by ethnicity (e.g., Asian patients are less likely
to experience HBsAg loss following NA therapy than Caucasian ones)[107,119,150].

FUTURE PERSPECTIVES

Many molecules are being studied as a therapy for hepatitis B to improve the results
obtainable with the drugs currently available. Among the various approaches, some
aim to strengthen the immune response against HBV, while others interfere with
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specific steps in its life cycle. Direct elimination of the HBV genome is not yet close to
clinical practice[119,164].

HBYV entry inhibitors: Bulevirtide binds and inhibits the sodium-taurocholate
cotransporting polypeptide, preventing the intrahepatic entry of HBV. The same
mechanism of action is shared by Cyclosporin A and its analogues, but the block of
bile acids transport should be considered. Other strategies to block cell entry include
attack inhibition and antibodies against HBV antigens.

cccDNA inhibitors: TALENs and CRISPR/Cas9 can lead to genome rearrangement
by acting in specific sites and are under investigation to evaluate their efficiency in
targeting cccDNA. In these cases, the potential risk of making changes to non-target
genes has to be considered.

Core protein assembly/allosteric modulators: these molecules interfere with the
formation of viral capsid. The class I core protein assembly/allosteric modulators lead
to the appearance of abnormal, misassembled, capsid structures, while the class II core
protein assembly/allosteric modulators accelerate the formation of morphologically
intact but empty capsids (without pgRNA).

RNAi-based agents: in this case HBV transcripts are recognized and degraded by
small RNA molecules, resulting in post-transcriptional silencing.

HBsAg release inhibitors: REP 2139 inhibits the release of HBsAg by targeting sub-
viral particles, with the aim of counteracting its tolerogenic effect.

RNaseH inhibitors: they inhibit the RNase activity of DNA polymerase, an
important step for viral replication. Other options under study include new NAs,
innate response stimulating drugs (TLR-7, TLRS, or STING agonists, RIG-1 activator),
and therapeutic vaccines.

HBV/HDV INFECTION

Hepatitis D, or delta, is the liver disease caused by HDV that was discovered by
Rizzetto et al[165] in 1977. A recent review and meta-analysis estimated a 4.5%
prevalence of anti-HDV among HBsAg-positive people, corresponding to about 12
million HDV infections worldwide. Other recent estimates, however, provided much
larger numbers[166,167]. Its real spread remains elusive probably due to the non-
systematic and universal screening in HBsAg positive patients[166,167]. Over recent
years a drop in the prevalence and incidence of HDV infection in developed countries,
such as Italy, was recorded as presumably the result of HBV vaccination and the
increased sensitivity and precautionary measures to counteract risk factors for
parenteral and sexually transmitted infections[167-169]. A current issue is delta
hepatitis cases due to immigration from high prevalence countries. Nowadays, this
infection is highly prevalent in several Asian countries (e.g., Mongolia), West and
central Africa, Moldova, and the Amazon region[167-169].

HDV is a defective, satellite virus, 36-43 nm in diameter, which belongs to the
Deltaviridae family that in turn includes a single genus (Deltavirus). The latter
contains a single species, the hepatitis delta virus. Eight distinct genotypes, with
different geographical distribution, have been identified[167]. Its genome consists of a
single-stranded negative circular RNA molecule ~1.7 kb long, and encodes only the
hepatitis delta antigen (HDAg, distinct in HDAg-S, small, and HDAg-L, large), which
together with viral RNA form the HDV ribonucleoprotein[170,171]. HDV exploits the
host RNA polymerase II for the replication of its genome. HDV envelope is formed by
the S, M, and L proteins of HBV, and the latter is necessary for HDV to enter the host
cell as well as in the assembly and exit phases[171]. However, replication within the
hepatocyte can occur in the absence of HBV components, and it is thought that in
addition to the extracellular propagation pathway, HDV can also spread by a cell-
division mediated pathway[172]. This virus has the same modes of transmission as
HBV (parenteral, inapparent parenteral, sexual, and rarely vertical)[168,171].

Only HBV infected people can contract delta hepatitis. Coinfection that occurs when
HBV and HDV are acquired simultaneously usually manifests itself as an acute
hepatitis B, with varying severity up to fulminant hepatitis and has a chronicization
rate of 2%-5% in adults. Superinfection refers to an HDV infection in a chronically
HBYV infected person. In this case, there is a higher risk of severe acute hepatitis and
the probability of chronicity is about 80%-90%[168,171-173]. Chronic hepatitis D
evolves rapidly towards cirrhosis and its complications[173]. The diagnosis consists in
the detection of anti-HDV IgM or IgG and HDV RNA in the serum[168,171]. Current
guidelines recommend looking for this infection systematically in HBV infected
patients (European Association for the Study of the Liver, Asian-Pacific Association for
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the Study of the Liver) or preferentially in certain categories of people (American
Association for the Study of Liver Diseases).

Until recently, there were no specific approved therapies for hepatitis D. The latest
international guidelines recommend using peg-IFNa to treat this infection (in
association with NAs if patients have high HBV DNA levels). This drug demonstrated
HDV RNA suppression in 19%-57% of treated patients at the end of the treatment but
is characterized by high rates of post-therapy relapse[169]. In addition to the well-
known side effects, it should not be used in patients with decompensated disease.
Recently, 24 wk of peg-IFN-lambda showed similar antiviral effect but better
tolerability compared to peg-IFNa[174].

Bulevirtide acetate (Hepcludex®, previously known as Myrcludex B, MyrB) was
approved in 2020 in the European Union for the treatment of chronic HDV infection in
adults with compensated liver disease[175]. The recommended dosage is 2 mg s.c.
once daily, but the optimal duration of therapy is currently not specified. This drug
blocks the entry of HBV and HDV into cells by binding sodium-taurocholate cotrans-
porting polypeptide[175]. The results of a phase 2b clinical trial with primary endpoint
HDV RNA reduction by 2 log or HDV negativity showed that 24 wk of treatment with
MyrB in combination with TDF allowed patients to reach the endpoint in a
significantly higher percentage of cases compared to those on TDF monotherapy
(46.4% in the MyrB at 2 mg/die plus TDF arm vs 3.3% in the TDF in mono one) and
that HDV RNA was suppressed in a dose-dependent manner. Twelve weeks after the
end of therapy, however, the relapse was a frequent event[176]. Currently, some
studies on bulevirtide are evaluating mono or combination therapies, different
dosages, and durations, and the effect on patients with liver disease of varied severity.

Prenylation inhibitors block the prenylation of HDAg-L mediated by farnesyl
transferase, preventing the bond of HDAg-L to HBsAg. Oral lonafarnib (LNF) inhibits
the farnesyl transferase and makes it impossible for HDV particles to form. It reduced
HDV RNA significantly more than the placebo in a study where it was used for 28 d;
this therapy was associated with the appearance of some side effects, including
gastrointestinal that were the most frequent[177]. Subsequently, LNF was tested in
combination with ritonavir (ritonavir inhibits the CYP3A4 that metabolizes LNF,
allowing the LNF dosage to be lowered), peg-IFNa, or lambda. The combination peg-
IFN-lambda/LNF/ritonavir taken for 24 wk recently showed that it lowered HDV
RNA > 2 ]Jog in most (25/26) treated chronic HDV patients and led to undetectable or
“below the lower limit of quantification” HDV RNA in more than 50% of them at the
end of treatment[178].

Among HBsAg secretion inhibitors, there is REP 2139, which in combination with
peg-IFNo 2a (REP 301 study) was safe and was associated with HBsAg suppression in
5/12 patients and HDV RNA control in 7/12 patients after 1 year from the end of
treatment[179]. This protocol showed persistence of the results in terms of safety and
virological control of HBV and HDV over an extended follow-up period of 3.5 years
[180].

Liver transplant is a therapeutic option for HDV patients who have not benefited or
cannot use medical therapy[169].

HEPATITIS A

HAV is a single-strand RNA virus belonging to the Hepatovirus genus of the
Picornaviridae family that was discovered by Feinstone et al[181] in 1973. HAV is able
to withstand moderate temperatures and to survive in the environment. Therefore, it is
transmitted through the orofecal route[182]. The clinical manifestations of HAV
infection depend on the age at which the infection is contracted. In children, it occurs
in less than 30% of cases with symptomatic hepatitis, while 80% of infected adults
have a severe hepatitis with jaundice and a significant increase in transaminases[183].

EPIDEMIOLOGY

HAYV infection is widespread worldwide, with a higher prevalence in low- and
middle-income countries[184] where the hygienic-sanitary conditions are scarce. Most
of the children (90%) contract the infection before the age of 10, often without clinical
manifestations. Epidemics rarely occur as older children and adults are generally
immune. Intermediate endemicity is observed in North Africa, Eastern Europe, the
Middle East, Latin America, and middle-income regions in Asia[185]. High-income
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countries such as the United States and West European countries have lower rates of
HAYV infection, but most of their adult population is not immune to this virus,
resulting in a higher probability for this category of developing clinical manifestations
due to HAV infection than in the low-income countries[186]. In areas with high
endemic and poor hygienic and sanitary conditions, HAV infection is transmitted
mainly by contaminated water. In intermediate endemic areas HAV is mainly
transmitted through contaminated food and water[187], while in non-endemic
countries, risk factors are travel to endemic areas and oroanal sex[188,189].

CLINICAL MANIFESTATIONS

Clinical manifestations of HAV infection range from the total absence of signs and
symptoms to acute hepatitis. Acute liver failure (ALF) is also possible, but it is a rare
event. This infection usually resolves itself spontaneously and is not responsible for
chronic hepatitis. After a period of 2-7 wk from the time of infection, the patient may
develop typical symptoms of acute hepatitis, such as jaundice, asthenia, vomiting,
dark urine, clay-colored stools, fever, or general malaise[190]. Blood tests show a
severe increase in transaminases (also 100 times the upper limit of normal), usually
with ALT > aspartate aminotransferase, increased total bilirubin, and increased
alkaline phosphatase. It is important to monitor PT and the onset of portosystemic
encephalopathy to assess the presence of ALF[191], although this is a very rare
occurrence (less than 1%)[192]. Atypical manifestations may also be present, including
relapse hepatitis, autoimmune hepatitis, prolonged cholestasis, and acute kidney
failure[193]. Considering that the clinical presentation of hepatitis by HAV is similar to
any other hepatitis, the diagnosis of HAV infection requires the dosage of IgM anti-
HAV. IgM anti-HAV becomes detectable in the blood about 5 d after the onset of the
disease and remains positive for a short period after healing. The recent execution of
the HAV vaccine can determine a positive test result for IgM anti-HAV. The presence
of IgG anti-HAYV indicates a previous HAV infection[194].

THERAPY AND PREVENTION

There is no specific cure for HAV acute hepatitis. Therefore, supportive therapy is
indicated, trying to alleviate the symptoms of the infection (fever, nausea, vomiting)
and intervening on any other complication (dehydration, electrolytic abnormalities,
etc.). IFN has been evaluated in the past for the treatment of hepatitis A. This drug has
been shown to reduce viral replication in cell cultures[195] and has been administered
in sporadic cases of patients with severe or fulminant hepatitis secondary to HAV
infection[196]. Sofosbuvir showed the ability to inhibit replication of HAV in vitro
[197], but there are no reported cases in literature where this drug was administered in
vivo. Viral hepatitis are responsible for 12% of acute liver failure, and of these only in
0.35% of cases the causative agent is HAV[198]. HAV infection is the main cause of
ALF in the pediatric population in some countries[199-201]. Liver transplantation is
necessary in 30% of ALF due to HAV infection, therefore it is a rare indication[198]. In
some case reports, the effectiveness of plasma exchange in ALF therapy due to HAV
infection is reported[202,203], while the use of corticosteroids in a small cohort of
children was associated with reduced hepatocyte destruction and with higher survival
rates compared to controls[204]. N-acetyl cysteine, although very effective in ALF
secondary to paracetamol abuse, does not appear to provide any benefit in the
treatment of HAV related ALF[205]. In the case of worsening liver function, liver
transplantation is required[206]. Liver transplantation in ALF secondary to HAV
infection is burdened with a high mortality[207] and is rarely complicated even by a
post-transplant HAV reinfection[208].

The improvement of sanitary conditions and vaccination play a fundamental role in
the prevention of HAV infection[209,210]. Available vaccine formulations for hepatitis
A (inactivated and attenuated) have proven effective and safe in immunizing in large
trials involving nearly 750000 patients worldwide[211]. The vaccine can be admin-
istered in one or two doses 6 mo apart to obtain long-term immunization[212]. Lower
protection rates following vaccination are observed in immunosuppressed patients,
(HIV-infected patients, transplant recipients) and in elderly people[213,214]. The
administration of the vaccine is particularly recommended in patients with
concomitant chronic HCV and/or HBV infection[215] and in non-immune people
traveling in areas of high endemia[216,217]. The vaccine may also be administered in
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secondary prophylaxis, single-dose, 14 d after contact, after the exposure to a patient
with known HAYV infection, showing the same efficacy as immunoglobulins[218].

HEPATITIS E

Hepatitis E, the liver disease caused by HEV, is a health problem that is receiving
increasing attention over the years, although many aspects concerning this infection
are still lacking. It has a self-limiting and benign course in most people, but some
categories are particularly at risk of serious outcomes, such as pregnant women who
have a mortality risk of about 25%, immunocompromised patients who can develop a
chronic hepatitis (and its consequences), and patients with previous liver disease who
are at risk of acute-on-chronic liver failure.

EPIDEMIOLOGY

The strong negative impact of HEV on human health can be deduced from data
estimating that in 2005 there were about 20.1 million cases of hepatitis E (genotypes 1
and 2) infections and 70000 deaths worldwide[219]. A recent study[220] estimated that
more than 900 million people have had contact with this virus; moreover, in many
regions of the world HEV is the leading cause of acute viral hepatitis[221]. While in
some countries HEV infections appear to have remained stable, in others, including
European ones, there has been an increase over time (data probably explained also by
an increase in identifications)[221,222]. However, the real burden of hepatitis E on
human health is not yet fully known[220].

The transmission mode and diffusion of HEV infection vary greatly depending on
the countries, and in the same country there are some epidemiological differences
depending on the areas (e.g., southwest compared to other regions in France)[221,223].
The most frequent transmission mode in areas of the world with poor hygiene
standards is the oral-fecal route, mediated by water (genotypes 1 and 2), while in
developed countries is zoonosis (genotypes 3 and 4)[223].

DISCOVERY AND VIROLOGY

The existence of an enterically transmitted non-A, non-B hepatitis virus was first
hypothesized in 1978 by Khuroo[224], while identification under microscope occurred
in 1983. The name “hepatitis E virus” was proposed for the first time in 1988[225].

HEYV is a non- or quasi-enveloped icosahedral virus, 27-34 nm in size that contains a
single strand, positive-sense RNA 7.2 kb long. The quasi-enveloped variant that exists
in circulation is due to the lipid membrane originating from infected cells. The HEV
RNA genome contains three ORF: ORF1 encodes a polyprotein that includes an RNA-
dependent RNA polymerase; ORF2 encodes the capsid protein; and ORF3 encodes a
protein involved in the viral egress[221,225]. ORF 4, recently described for HEV-1, has
a supporting role for viral polymerase[226]. Despite the advances in knowledge of this
virus, several aspects of the HEV life cycle are not yet known, including the exact
mechanism by which the virus enters the host’s cells (e.g., entry receptors), some
aspects of the relationship between host components and virus, and many processes
concerning assembly and cell exit[227].

It is likely that, as well as other major hepatotropic viruses, HEV causes liver
damage mainly through an immune-mediated mechanism[228]. Briefly, the host
response starts with an initial phase in which the innate immune system detects the
virus through pathogen recognition receptors such as TLR3, TLR7, RIG-I, and MDA5
[229,230]. Subsequently, the production of IFN and other cytokines or chemokines that
amplify the response against HEV take part[229,230]. Liver migration and activation of
innate cells such as natural killer and neutrophils and then recruitment of T
lymphocytes determine the antiviral response and contextually the immune-mediated
liver injury[228,231]. The immune response (including antibodies) against specific
regions of the ORF2 protein is critical in the fight against the virus. Although the HEV
can hinder some steps of both innate and adaptive responses[228,229,232], the
combination of these events usually leads to the clearance of the virus. Anyhow, the
role of anti-HEV antibodies in the resolution of the infection[232] as well as the specific
role of other elements of the immune system in the host-HEV relationship is not yet
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fully understood.

DIFFERENT GENOTYPES AND TRANSMISSION ROUTES

HEYV is part of the Herpesviridae family that is divided into two genera, Orthohep-
evirus and Piscihepevirus. The genus Orthohepevirus includes four species (A-D),
while the genus Piscihepevirus has only the Piscihepevirus A species. Eight distinct
genotypes belong to the Orthohepevirus A species, and some viral subtypes of these
genotypes have been recognized[225,233].

Orthohepevirus A genotypes 1, 2, 3, and 4 (HEV-1, HEV-2, HEV-3, and HEV-4)
infect humans differently from the other genotypes of this species[225,226]. However,
a case of a middle-aged liver transplanted Somalian man who regularly consumed
camelid meat and milk infected with dromedary HEV (HEV-7) was also described
[234].

HEV-1 and HEV-2 are restricted to higher primates (humans and several species of
monkeys), but the finding of HEV-1 in the serum of Egyptian horses suggested that in
rare circumstances transmission of these genotypes to other animals is also possible
[233].

HEV-1 and HEV-2 spread among the human population mainly by the oral-fecal
route that consists in ingestion of water contaminated with human feces[221,223,225,
235]. This phenomenon typically occurs in regions of the developing world with poor
hygiene standards, such as those in which untreated water, for example of a river, is
drunk or used for cooking, bathing, and waste disposal. In such contexts, climatic
changes (e.g., heavy rainfall or monsoons) can increase the risk of HEV infection
spreading[235,236]. These genotypes are responsible for the occurrence of epidemics
and outbreaks. The first one to be retrospectively documented broke out in Delhi
(India) in 1955[225]. Today HEV infection is considered hyperendemic and associated
with the development of outbreaks in various parts of north, east, and west Africa,
south and central Asia, the Middle East, and Latin America[223,236]. In such areas, a
high percentage of inhabitants were found to be anti-HEV IgG positive[220]. The
typical route of transmission of these genotypes makes it conceivable that an
improvement in hygiene conditions could result in a containment of the spread of
infection[221,225]. In addition to the orofecal route, vertical via blood transfusion and
person-to-person transmissions were documented[225,236]. In developed countries,
where a better level of sanitation is guaranteed, HEV infection is sporadic and it is
acquired as zoonoses, by travelling to endemic areas, or by blood transfusion[221,225].

HEV-3 and HEV-4 infect animals (including pigs that are the main reservoir and
source of contagion for humans, wild boars, and deer) and humans and are
responsible for the zoonotic form of the disease. They can be transmitted to humans in
several ways: consumption of undercooked or raw meat (a recurring example in
literature of a source of infection are the Corsican sausages “figatelli” that contain pork
liver) or milk from infected animals; consumption of fruits, vegetables (strawberries,
raspberries, lettuce, efc.), or seafood contaminated with feces of infected animals, and
direct contact with infected animals (farmers, veterinarians, slaughterhouse workers)
[221,223,225,236]. Today it is known that in addition to the most often mentioned
animals (pig, wild boar, and deer), many others can serve as reservoirs for HEV-3 and
HEV-4 (e.g., rabbits, cattle, rats, goats, sheep, dogs, horses, Java mongoose, dolphins,
clouded leopard, Asiatic black bear, and others)[233]. An aspect not yet well known is
which animals are “true hosts” for HEV and which others host it transiently. Blood
transmission is also possible for HEV-3 and HEV-4[221].

The other Orthohepevirus A genotypes were identified in animals: HEV-5 and
HEV-6 in wild boar, HEV-7 and HEV-8 in camelidae (dromedary and bactrian camel,
respectively)[233].

Orthohepevirus B, of which four genotypes are known, has been isolated mainly in
chickens but also in turkeys, ducks, and other birds. However, the possibility that
some of its strains can infect mammals cannot be ruled out[233]. In the Orthohepevirus
C species there are two different genotypes (HEV-C1, HEV-C2), whose presence has
been documented in different types of rodents (rats, mice, shrews, ferrets, minks, and
others). Some cases of human infections from rat HEV have been recently discovered
in patients from Hong Kong and in a man suffering from acute hepatitis, who
probably contracted the infection in central Africa[233,237,238]. Orthohepevirus D
species was isolated in the bat. The Piscihepevirus genus includes only the Piscihep-
evirus A species that infects the cutthroat trout and other fish[233]. An illustration of

the link between HEV genotypes, hosts, and routes of transmission is provided in
Figure 3.
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Figure 3 Classification, hosts, and ways of transmission of the hepatitis E virus. HEV: Hepatitis E virus.

DIAGNOSTIC TESTS

Anti-HEV IgM appear about 4 wk after infection, approximately with the onset of
symptoms, and their persistence in the serum is variable (they usually last 3 or 4 mo,
but cases in which they were detectable after a longer time were also described). Given
their kinetics, they reveal a recent infection and can be considered a marker of acute
hepatitis E[221,239,240]. In addition to anti-HEV IgM, anti-HEV IgA antibodies are
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considered markers of acute hepatitis E, but it is not a widely used test[221].

Conversely, anti-HEV IgG appear after anti-HEV IgM and last several years. They
are used to diagnose a past infection and are indispensable for seroprevalence studies
of such disease. Because anti-HEV IgG appear quite early in the course of the disease
they can be detected together with IgM in the acute phase; in this way they help to
reduce the misdiagnosis rate that occurs if IgM are considered alone[221,240]. The
antibodies against HEV are determined by enzyme immunoassays[239,240]. For
diagnostic purposes, due to the non-optimal reliability of antibody assays, guidelines
of the European Association for the Study of the Liver recommend using the anti-HEV
IgM (or anti-HEV IgG) in combination with the HEV RNA, or antibodies in
combination with each other, or HEV RNA (in blood or stool) alone to reveal a current
infection[221].

HEV RNA is detectable soon after infection before symptoms appear and generally
lasts a maximum of 6 wk; it confirms the diagnosis of infection. To improve compar-
ability of nucleic acid amplification test results and ensure a correct genotype identi-
fication, the WHO defined international standard and an international reference panel
for HEV genotypes 1-4. Another direct test consists of the search for the HEV capsid
antigen, but its role in the diagnosis is still unclear[221,240]. Currently it is difficult to
know how widespread screening is for HEV, but the raising awareness of the spread
of hepatitis E even in high-income countries over the years will likely result in a
reduction of undiagnosed cases in the near future.

CLINICAL MANIFESTATIONS

After HEV contact, the incubation period is about 2-6 wk, but it can be very variable.
HEV infection is generally asymptomatic or with very few symptoms and self-
limiting. This aspect also contributes to the non-definitive knowledge on the real
diffusion of the disease. In about 5%-30% such infection is symptomatic and has a
similar course to that of other acute hepatitis. In these cases, the infection is
responsible for nonspecific symptoms, such as asthenia, nausea, vomiting, fever,
muscle, and joint pains and then jaundice, itching, dark urine, and light-colored stools.
Contextually, blood tests can show alterations in liver biochemistry such as high
transaminases (ALT often exceeds 1000 IU/L), bilirubin, gamma glutamy]l transferase,
and alkaline phosphatase. It was observed that HEV-3 and HEV-4 tend to be
associated with clinically more severe hepatitis in older males, but the underlying
reasons are still unclear. Rarely can HEV infection result in ALF[219,223,225,239,240].

While healthy, immunocompetent people usually have a benign course, there are
some categories for whom HEV is more dangerous. Patients with pre-existing chronic
liver disease can develop acute-on-chronic liver failure due to hepatitis E virus
infection[223,226]. Nowadays it is estimated that many cases of liver damage of
undetermined etiology or suspected drug origin are caused by HEV. For this reason, it
is recommended to test patients with liver biochemistry compatible with hepatitis or
diagnosed with ALF or acute-on-chronic liver failure of still undetermined etiology for
HEYV infection in addition to other causes of liver injury.

Immunosuppressed patients, including organ or stem-cell transplant recipients, HIV
infected patients, patients receiving chemotherapy for hematological diseases, or long-
term therapy for autoimmune disorders are another category at risk of worse
outcomes[221,226,240-242]. In these patients the risk of developing chronic hepatitis E
is consistent, given the inability of their immune system to eliminate the virus. Studies
on organ transplant patients infected with HEV showed a chronicization rate of more
than 60%[243]. In this group, it is debated whether to consider “chronic” an infection
from HEV when the RNA has been identifiable for at least 6 mo, or if it is detectable
for more than 3 mo after infection[221,244]. Chronic HEV infection has been described
mainly for genotype 3, but chronic infections from HEV-4 were also reported, and one
case of chronic infection by HEV-7 (as reported above) was described.

Some cases of chronic hepatitis E by HEV-1 have recently been claimed[245,246].
Chronic hepatitis E generally has a slightly symptomatic or asymptomatic course, with
only mild alterations of liver biochemistry[240,241,243]. Moreover, anti-HEV
antibodies can often give false negative results, and therefore the search for HEV RNA
is particularly useful in these people[240]. This form can progress through the
development of increasingly severe fibrosis up to decompensated cirrhosis. Liver
injury, as has already been observed for other viral hepatitis, can regress after the
elimination of the virus[221,240].
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HEV-1 and HEV-2 are responsible for a high percentage of liver failure and
mortality (25%-30%) in pregnant women during the third trimester, and HEV infection
during pregnancy was also associated with increased neonatal morbidity (e.g., preterm
birth) and mortality[223,247]. Several factors have been hypothesized to explain the
high severity of HEV infection in pregnancy, including host (hormonal and immune
changes) and virus-related factors, but the exact causes are not known[247]. Another
noteworthy aspect is that there are considerable geographical differences regarding
the severity of the course of HEV infection in pregnancy[223].

The hepatitis E virus is responsible for several extrahepatic manifestations. The
pathophysiology of these events is not yet fully understood, but direct damage by the
virus is not excluded[221,226,240]. It has been observed that HEV can replicate in
many other locations besides the liver, and these findings raised the hypothesis that
the entry receptors of HEV are not limited to hepatocytes. Among the extrahepatic
manifestations there are neurological disorders (Guillain-Barré syndrome, neuralgic
amyotrophy, Bell’s palsy, meningoencephalitis, peripheral neuropathy, mononeuritis
multiplex), kidney injury (membranoproliferative and membranous glomer-
ulonephritis, IgA nephropathy), hematologic disturbances (thrombocytopenia,
hemolysis, aplastic anemia, monoclonal immunoglobulin, cryoglobulinemia), acute
pancreatitis, and some reports of thyroiditis, arthritis, and myocarditis[221,240].

THERAPY AND VACCINE

Antiviral therapy is usually not necessary for acute hepatitis E, and in any case, there
are no specific or extensively tested treatments. In cases of severe forms of hepatitis E
and liver failure, RBV was successfully used and resulted in improvement of liver
biochemistry and clearance of HEV RNA; corticosteroids have also been shown to be
effective in some patients[221,240].

For patients diagnosed with a chronic form of hepatitis E in the context of transplant
recipients, it is recommended to reduce immunosuppressive therapy as a first step.
This measure alone proved to cause HEV clearance in a consistent percentage of
patients (nearly one-third)[221,243]. Currently, RBV represents the therapy of choice
for chronic hepatitis E, but its mechanism of action against this virus remains
unknown. In a retrospective study on 59 organ transplant patients suffering from
chronic hepatitis E treated with RBV, the SVR rate was 78% after a first course, and
85% if re-treatments are considered[248]. In another study of 255 organ transplant
patients with chronic HEV infection, 81.2% of them reached SVR after the first course
[249]. In these studies, RBV was used with a median dose of 600 mg/d for a median
duration of 3 mo, and this is the most used protocol. As known, RBV treatment can be
associated with the onset of side effects including hemolytic anemia, skin reactions, or
a dry cough. Furthermore, due to its teratogenic potential, the use of RBV is not
recommended in pregnancy, and for this category careful monitoring and supportive
care must be provided; therefore, prevention of infection is a key point[221,247].

Peg-IFNo is another drug used for hepatitis E in liver transplanted patients and
people undergoing hemodialysis, but it is contraindicated in kidney, heart, lung, and
pancreas transplant recipients due to the risk of rejection[221,240]. In cases of non-
response or intolerance to RBV and the patient is not eligible for IFN, there are no
options to continue therapy[221,249,250]. A recent study in which sofosbuvir in
monotherapy was used in nine chronic hepatitis E patients showed the ineffectiveness
of this drug in eliminating HEV[250]. For these reasons, there is a need for new
effective drugs with specific anti-HEV activity[250,251].

An HEV vaccine (Hecolin®) has been available in China since 2011; this vaccine was
designed based on the ORF2 region of HEV-1 and showed very high efficacy in
preventing symptomatic hepatitis E in a randomized placebo-controlled trial[252]. It
proved to be effective for several years, but the overall duration of protection is yet to
be known. The vaccine looks safe in pregnant women, but further concrete data is
needed. The other open questions are efficacy and safety in specific categories of
patients (such as those suffering from chronic liver diseases) and effectiveness against
other genotypes[221].

CONCLUSION

In conclusion, although viral hepatitis still represents a major public health problem
and a leading cause of mortality, important milestones have been achieved in this
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field. Nowadays, hepatitis C is curable in almost all patients by simple, safe, and short-
course therapies. To eradicate it, it is crucial to focus on case-finding and linkage to
care initiatives. The scenario of hepatitis B and D is changing, with a reduction in their
prevalence largely due to the anti-HBV vaccination. Currently available anti-HBV
therapies are effective in suppressing viral replication, but they do not eradicate HBV.
However, several new therapeutic approaches are being studied for HBV and HDV
infections, and in 2020 an entry inhibitor for the treatment of chronic hepatitis D was
approved in the European Union. Improvements in hygiene conditions and
vaccination can prevent hepatitis caused by HAV and HEV, but the vaccine against the
latter virus is not available in all countries. Hepatitis E still represents a challenge as its
pathophysiology and real spread are not fully known. Moreover, currently available
treatment options are not feasible in all patients.
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