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Chapter 1

Introduction 

In 2014, the scientific community celebrated the 25th anniversary of the 
discovery of the hepatitis C virus (HCV). Since the isolation of HCV, 
extensive progress has been made in the field, and a growing knowledge 
of the virus life cycle has led to the development of potent drugs. 

This handbook will focus on the HCV particle, its life cycle, clinical 
features of HCV disease, pathophysiology, diagnosis, management and 
treatment of disease, and future challenges. An overview of current 
knowledge on hepatitis C and up-to-date advances are covered, with the 
goal to assist the medical community in the management of this disease. 

Historical perspective
Discovery of HCV
In the 1970s, Harvey J Alter and his collaborators described a large number 
of hepatitis cases that occurred after blood transfusion and proved they 
were due to neither hepatitis A nor hepatitis B viruses [1]. These cases of 
hepatitis were thus called non-A, non-B hepatitis (NANBH) for more than 
10 years. The agent responsible for hepatitis C, HCV, was first isolated 
and described in 1989 after the extensive screening of bacterial clones 
derived from experimentally infected chimpanzee samples by research-
ers from the Chiron Corporation in California [2–4]. Since the isolation 
of HCV the interest in this field has expanded remarkably, as reflected 
by the number of publications found in PubMed using ‘hepatitis C virus’ 
as a query (Figure 1.1). 

� Springer International Publishing Switzerland 2016 1
N. Goossens et al. (eds.), Handbook of Hepatitis C,
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Main scientific and medical advances in HCV research
The discovery of HCV led to the development of diagnostic tools and, in the 
early 1990s, the implementation of systematic screening of blood supplies; 
in the US this contributed to the reduction of infection via blood transfusion 
by almost 100% [5]. In 1991, the use of interferon-alpha (IFN-α) as a treat-
ment for hepatitis C disease was approved and in 1998 the combination of 
IFN-α and ribavirin was approved. In 2001, pegylated IFN-α (peg-IFN-α) 
(which has improved pharmacokinetics and efficacy compared to IFN-α) 
was introduced. Despite the potentially severe side effects of this regimen 
it remained the gold standard for over 10 years; the sustained virological 
response (SVR) could reach up to 50% [6] in certain subgroups. During this 
time extensive efforts have been undertaken to develop cell culture systems, 
which have helped the development of direct acting antiviral (DAA) drugs 
(Chapter 6). The replicon system, developed in 1999, allowed a better under-
standing of HCV replication in the human hepatoma cell line Huh-7 [7]. 
Major advances in the study of HCV entry and neutralizing antibodies were 
achieved thanks to the establishment of the HCV pseudoparticle system in 
2003, which consists of lentiviral particles harboring HCV envelope protein 
(E)1 and E2 [8]. The major breakthrough in HCV research has undeniably 
been the development of the JFH1-based cell culture system, which reca-
pitulated the complete HCV life cycle in vitro [9] (Figure 1.2).
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Figure 1.1 The number of publications obtained in PubMed from 1990 to 2014 when using 
‘hepatitis C virus’ as query in the publication title. 
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Epidemiology
HCV infection is a major health problem worldwide. A recent study based 
on anti-HCV seroprevalence data estimated that 185 million people, 
corresponding to 2.8% of the world's population, have been infected 
with HCV [10]. Among those infected with HCV, the World Health 
Organization estimates that 130–150 million individuals worldwide are 
chronically infected [11]. The Centers for Disease Control and Prevention 
(CDC) estimates that in the US alone approximately 29,700 new cases 
are diagnosed per year, a number that is steadily increasing [12]. Global 
mortality due to hepatitis C infection is approximately 700,000 indi-
viduals per year [13]. In the US, the number of deaths from HCV was 
19,368 in 2013 [12] and a large study reviewing the death certificates 
of 22 million deceased people demonstrated that the number of deaths 
due to HCV (15,106) surpassed those due to human immunodeficiency 
virus (HIV) infection (12,734) in 2007 [14]. 

HCV infection is prevalent worldwide and its geographical distribu-
tion varies (Figure 1.3). North Africa, East Asia, and the Middle East 
have the highest prevalence of HCV [15], estimated at more than 3.5%. 
Within North Africa prevalence is highest in Egypt (approximately 15%); 
this is thought to be a consequence of a prophylaxis campaign against 
schistosomiasis carried out between 1961 and 1986 [16]. By contrast, 

Figure 1.3 Hepatitis C virus prevalence worldwide [14]. Reproduced with permission from 
© John Wiley and Sons. 
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prevalence in industrialized countries in Europe, America, and Australia 
has been reported to be significantly lower, with the exception of Spain 
and Russia, where prevalence is 1.5 [17] and 2.9% [18], respectively, and 
central and south Italy and Romania where it is higher than 3% [19]. 
However, it should be noted that most of the prevalence data are based 
on specific person subgroups that are not necessarily representative of 
the overall population of one country. Additionally, epidemiologic data 
are not available in all countries. For example, in Africa robust data are 
only available for Egypt and South Africa.

HCV genotypes
HCV has a high capability to generate mutations and exists as seven 
different genotypes, subdivided into more than 60 subtypes [20]. HCV 
circulates within a single patient as closely related variants named ‘qua-
sispecies’. This constant variation of the HCV genome is the major reason 
for the difficulties encountered in the development of a vaccine against 
HCV. Based on nucleotide homology analysis of the non-structural (NS)5 
region of the HCV genome, it has been estimated that strains from differ-
ent genotypes share a similarity of between 67 and 69%. Within subtypes 
of HCV only 20–25% of nucleotides are different [21]. In 2015 Messina 
et al [22] carried out a large retrospective literature analysis combin-
ing epidemiologic data from 1217 studies published between 1989 and 
2013, representing 117 countries. The study demonstrated that genotype 
1 is the most predominant (42%), followed by genotype 3 (30%). The 
sum of genotype 2, 4, and 6 corresponds to approximately 23%, while 
genotype 5 represents less than 1% of the total number of HCV cases. 
HCV genotype 7 was first described in 2014 [20] and has been reported 
so far in only a few patients [23,24].

Genotype 1 is widely spread throughout the world; however, the other 
genotypes have more restricted geographical distributions. Genotype 2 
predominates in West Africa, genotype 4 in the Middle East, genotype 5 
in South Africa, and genotype 6 in East and South East Asia, and is 
the main genotype in Vietnam [15,22]. Although genotype 3 is widely 
distributed, its prevalence is particularly high in South Asia (Figure 1.4). 
The prevalence of genotypes and subtypes is different depending on 
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the transmission route. For example, genotypes 1a and 3a are more fre-
quent among intravenous drug users (63% and 33%, respectively) while 
genotype 1b has a high prevalence among patients who were infected 
through blood transfusions [25]. Although all genotypes can establish 
chronic infection, there are specific clinical disease features associated 
with genotypes; steatosis, for example, is more prevalent in genotype 3 
infections [26] (see Chapter 4). The response to therapy is also dependent 
on HCV genotype; genotype 1 and 4 infections are the most difficult to 
cure with peg-IFN-α and ribavirin combination therapy as compared to 
genotypes 2 and 3 [27], whereas chances of SVR to IFN-free regimens 
appear to be lower in genotype 3-infected patients (see Chapter 6).

Figure 1.4 Hepatitis C virus genotype distribution and prevalence around the world. 
Adapted from Negro and Alberti [15] and Messina et al [22].

Genotype 1

Highest prevalence worldwide. Two main subtypes, 1a and 1b.

Genotype 2

Main genotype found in West Africa and also found throughout the world.

Genotype 3

Predominant in South India and can be found at high prevalence in some other 
countries throughout the world (eg, Germany, UK, Greece).

Genotype 4

Mainly found in the Middle East and Egypt.

Genotype 5

Mostly restricted to South Africa.

Genotype 6

Mainly found in Asia.
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Modes of disease transmission and risk factors
The principal route of transmission of HCV is via the blood. In developed 
countries, since the systematic screening of blood donors, the risk of HCV 
infection consecutive to transfusion or organ transplant has dramatically 
decreased to less than 1 per 100,000 [28]. In some countries, however, 
HCV can still be transmitted via the transfusion of unscreened blood. 
HCV was also identified to be highly present among patients receiving 
long-term dialysis, with a prevalence of anti-HCV positive patients in 
this population ranging from 1 to 70% (depending on the country) [29]. 
Of course, the risk of HCV transmission in patients on dialysis is largely 
increased by the number of transfusions and the time spent on dialysis, 
but once again, transmission of HCV by blood transfusions is now very 
rare in dialysis units of developed countries thanks to the introduction 
of systematic screening of blood donors and the extensive implementa-
tion of safety procedures [29]. Organ transplantation is another route of 
HCV transmission [30]; even though the screening of donors has been 
implemented in developed countries, some cases of HCV transmission 
due to organ transplantation are still reported [31]. 

Any source of blood is able to transmit the virus, even if it is indirect 
(such as soiled material). Tattooing, body piercing, or even acupuncture 
have also probably contributed to the spread of HCV, even in developed 
countries. In health care settings, needle-stick injuries, unsafe injections, 
and reuse or improper sterilization of contaminated medical equipment 
are also responsible for some cases of HCV infection in developed coun-
tries and still represent a major route of transmission in resource-poor 
areas of the world. During the year 2000, it has been estimated that 
16,000 health care workers worldwide were infected by HCV following 
percutaneous injuries [32]. In developed countries, however, the most 
significant risk for HCV infection is related to intravenous drug use 
through the sharing of contaminated needles and other paraphernalia. 
This mode of transmission accounts for more than 60% of newly diag-
nosed cases of hepatitis C [33]. Cocaine users have also been shown to 
transmit the virus by sharing snorting straws [34]. HCV can be trans-
mitted sexually, although this route of transmission is uncommon. In 
groups of people with high-risk sexual behavior, such as HIV-positive 
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men who have sex with men, the incidence of HCV is higher than in the 
general population and has increased in recent years [35]. By contrast, in 
monogamous serodiscordant couples the risk of transmission is very low 
and has been estimated to be <0.25% per year [36–38]. One explana-
tion for this low rate of transmission may be that seronegative partners 
somehow develop immune defenses against HCV via regular contact 
with small amounts of virus. 

The vertical (mother-to-child) transmission rate is around 4% [39] 
and can occur both during pregnancy and at the time of the delivery. 
The type of delivery (vaginal versus cesarean) does not appear to impact 
on the risk of transmission [39]. Importantly, reports have shown that 
co-infection with HIV increases the risk of maternal-fetal transmission 
of HCV [35].

Economic and social burden
HCV infection is a major health concern worldwide due to its high preva-
lence and the fact that HCV-associated disease has long-term consequences. 
The latter is of great importance considering that over 75% of infected 
adults are ‘baby-boomers’ (a term that refers to those born between 1945 
and 1965) [40] and that the burden of HCV will significantly increase over 
the next decade with increased projected cases of cirrhosis and hepato-
cellular carcinoma (HCC), despite improved cure rates for HCV. Another 
important issue is the low diagnosis rate, which potentially leads to an 
underestimation of the overall number of patients. The US CDC run a 
national campaign, Know More Hepatitis™, which provides information 
about hepatitis C and encourages people born between 1945 and 1965 to 
get tested [40]. With the arrival of IFN-free regimens expected SVR rates 
are greater than 90% but barriers to treatment access remain significant 
(eg, inadequate screening, poor linkage to care, and high cost of treat-
ment) and many people remain untreated [41]. If we take into account 
the indirect costs of untreated chronic HCV (absenteeism and lower work 
productivity of HCV-infected individuals [42]), treating HCV with effica-
cious drugs is certainly cost-effective in most subgroups of patients [43].
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Key points

•	 Between 130 and 180 million people are infected with HCV 
worldwide and there are around 700,000 deaths related to HCV 
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Chapter 2

The HCV particle and its life cycle

The HCV particle
The hepatitis C virus (HCV) belongs to the Hepacivirus genus of the 
Flaviviridae family of viruses. HCV is an enveloped, positive-strand 
RNA virus that is spherical and has a diameter of between 40 and 
80 nm in HCV-infected patients [1] and between 60 and 75 nm in cell 
culture systems [2]. It is composed of an envelope (derived from host 
cell membranes), two viral glycoproteins, envelope proteins (E)1 and E2, 
and an icosahedral capsid containing a positive-sense, single-stranded 
RNA genome (Figure 2.1). The HCV RNA genome is 9.6 kb in length [3], 
flanked by 5’ and 3’ untranslated regions (UTR), and contains two open 
reading frames (ORF). The large ORF encodes the entire HCV polypro-
tein and the alternative ORF produces a single protein, the F protein [4]. 
The role of the F protein is not well understood, although it has been 
suggested that it could be implicated in immune evasion [5]. The 5’UTR 
is highly conserved among different HCV isolates and the secondary 
structure contains four distinct stem-loops called internal ribosome entry 
sites (IRES) that are essential for the cap-independent translation of the 
genomic RNA [6]. The 3’UTR contains a variable region, followed by a 
poly-U/UC and 3’X region. Mechanisms underlying the functional roles of 
the 3’UTR region are unclear; nevertheless, a recent study has shown that 
the 3’UTR may enhance translation by transferring the host translation 
machinery components from the 3’ to the 5’ end of viral RNA [7].
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A unique aspect of HCV is that it is found in the blood in the form of 
lipo-viro-particles (LVP), which contain low-density lipoprotein (LDL) 
and very-low-density lipoprotein (VLDL) components (eg, apolipopro-
teins E and B, and triglycerides) that surround the particle [8]. Although 
the precise role of LVP formation remains unclear, it seems that it plays 
a role in HCV entry (as HCV particles use receptors implicated in lipid 
uptake [see below section]) and in immune escape (as lipoproteins 
surrounding HCV particles potentially protect them from neutralizing 
antibody recognition) [8].

The HCV life cycle
The elucidation of the HCV life cycle has proven to have many important 
implications in the development of novel anti-HCV molecules, and there-
fore the following section will provide the most relevant information on 
the different steps of the viral life cycle (Figure 2.2).

Entry into the cell
The first step in the HCV life cycle is attachment to and entry into host 
cells. HCV has a restricted tropism, infecting predominantly hepatocytes, 
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Figure 2.1 The structure of the hepatitis C virus lipo-viro-particle. E, envelope protein; RNA, 
ribonucleic acid. This figure was produced using Servier Medical Art, available from www.servier.
com/Powerpoint-image-bank. 
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explaining the liver disorders induced by HCV infection. The process of 
HCV entry is meticulously orchestrated and involves many cellular recep-
tors. First, the LVP binds to glycosaminoglycans, LDL receptor (LDLR) [9], 
and scavenger receptor class B type 1 (SR-B1) [10]. The interaction of 
HCV with SR-B1 then induces conformational changes of the viral enve-
lope glycoprotein E2, leading to the binding of E2 to the tetraspanin 
CD81 [11]. CD81 and tight junction proteins (occludin and claudin-1) 
form a complex that triggers HCV to be internalized by clathrin-medi-
ated endocytosis [12]. The low pH within the endosomal compartment 
induces major conformational changes of the E1 glycoprotein, leading 
to membrane fusion and capsid release into the cytoplasm.

RNA genome translation and protein maturation
Upon decapsidation the HCV genome is released into the cytoplasm of 
the host cell, where it is considered by the cellular machinery as mRNA, 
and is therefore directly translated. The cellular ribosomes recognize the 
IRES at the 5’UTR and produce a polyprotein, which is then cleaved by 

Figure 2.2 Schematic representation of the hepatitis C virus life cycle. The seven steps of the 
life cycle are depicted: 1, attachment; 2, entry by endocytosis and fusion; 3, uncoating; 4, RNA 
translation and polyprotein maturation; 5, RNA replication; 6, particle assembly on lipid droplets; 
and 7, release. HCV, hepatitis C virus; LD, lipid; RNA, ribonucleic acid. This figure was produced 
using Servier Medical Art, available from www.servier.com/Powerpoint-image-bank.
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cellular host (signal peptidase and signal peptide peptidase) and viral 
proteases (non-structural [NS]2-NS3 and NS3-NS4) into ten distinct 
proteins: the structural and the NS proteins, the main functions of 
which are detailed in Table 2.1. Several host and viral (NS2, NS3, NS4A, 
NS4B) factors can modulate HCV translation. Among the host factors 
the human autoantigen, La, has been shown to favor ribosome assembly 
during initiation of translation [13] and the microRNA, miR-122, also 
play a major role in activating translation by targeting two adjacent 
sites upstream of the HCV IRES [14,15]. Translation and maturation of 
the viral proteins occur at the endoplasmic reticulum (ER) membrane 
of the host cell.

RNA genome replication
Replication occurs once the amount of viral protein is sufficient. The mech-
anisms implicated in the switch from translation to replication are poorly 
understood but it has been hypothesized that NS3 and autoantigen La 
are involved. One such hypothesis suggests that NS3 and autoantigen La, 
which have antagonist effects on translation (ie, NS3 inhibits translation 
while autoantigen La activates it), compete for binding to IRES and 

Hepatitis C 
virus proteins

Main known functions

Structural proteins

Core Capsid protein

E1 Envelope glycoprotein — fusion of the viral with cellular membranes

E2 Envelope glycoprotein — attachment to the cell

Non-structural proteins

p7 Formation of ion channel in endoplasmic reticulum membrane 

NS2 Protease — cleavage at the NS2-3 site

NS3 Protease — cleavage at the NS3/4A, NS4A/B, NS4B/5A, and NS5A/B sites 

NS4A Helicase — role in the viral RNA replication process 

NS4B Cofactor of NS3

NS5A Formation of membranous structures essential for viral replication

NS5B Regulation of viral replication

RNA-dependent-RNA polymerase — replication of the hepatitis C virus genome

Table 2.1 Hepatitis C virus proteins and their main functions. E, envelope protein; NS, non-
structural; RNA, ribonucleic acid.
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therefore could participate in this molecular switch from translation to 
replication [16].

The viral protein, NS5B, is the RNA-dependent-RNA polymerase 
responsible for RNA replication [17]. Replication takes place in a specific 
membrane structure — the membranous web — the formation of which is 
induced by the virus itself [18] and is considered as the HCV RNA factory. 
NS5B replicates the positive-sense strand into a negative-sense strand 
intermediate that serves as a template for the synthesis of the genomic 
strand. Several host and viral proteins are involved in the regulation of 
replication. Among these, cyclophilin A and B appear to have a critical 
role by regulating binding of the polymerase on the RNA template [19,20], 
and miR-122 also plays a role in HCV replication [14]. NS5B polymerase 
lacks proofreading activity and therefore HCV has high mutation rates 
(as is the case for most RNA viruses). 

Assembly and release
Assembly and release of newly formed HCV particles are two events inti-
mately linked to lipid metabolism. The first event in HCV assembly is the 
targeting of the core protein from the ER membrane, where it is translated, 
to particular cytoplasmic organelles called lipid droplets [21] (believed 
to be the platform of HCV assembly). The HCV RNA is relocated from 
the membranous web to lipid droplets in a mechanism that is dependent 
on the presence of NS5A on core coated-lipid droplets [22]. Trafficking 
of the core protein and NS5A seems to be partly regulated by one host 
protein, the diacylglycerol O-acyltransferase 1 (DGAT1) [23]. Other host 
proteins involved in lipid droplet morphogenesis, such as tail-interacting 
protein of 47 kDa (TIP47) (a lipid droplet-associated protein) [24] or 
seipin (involved in lipid droplet maturation) [25], seem to also play a 
role in assembly. Capsids subsequently migrate in the ER lumen and the 
viral envelope is acquired by budding of the ER membrane, where HCV 
glycoproteins E1 and E2 are anchored at the proximity of the assembly 
site. This final step of assembly is orchestrated by NS2 [26]. Finally, the 
nascent HCV particles undergo maturation through the VLDL secretory 
pathway during which they are associated with lipoproteins before being 
released by exocytosis as LVPs [27]. 



18 • HANDBOOK OF HEPATITIS C

References
1	 Bradley DW, McCaustland KA, Cook EH, Schable CA, Ebert JW, Maynard JE. Posttransfusion 

non-A, non-B hepatitis in chimpanzees. Physicochemical evidence that the tubule-forming 
agent is a small, enveloped virus. Gastroenterology. 1985;88:773–779.

2	 Gastaminza P, Dryden KA, Boyd B, et al. Ultrastructural and biophysical characterization of 
hepatitis C virus particles produced in cell culture. J Virol. 2010;84:10999–11009.

3	 Choo QL, Richman KH, Han JH, et al. Genetic organization and diversity of the hepatitis C 
virus. Proc Natl Acad Sci U S A. 1991;88:2451–2455.

4	 Xu Z, Choi J, Yen TS, et al. Synthesis of a novel hepatitis C virus protein by ribosomal 
frameshift. EMBO J. 2001;20:3840–3848.

5	 Komurian-Pradel F, Rajoharison A, Berland JL, et al. Antigenic relevance of F protein in 
chronic hepatitis C virus infection. Hepatology. 2004;40:900–909.

6	 Fraser CS, Doudna JA. Structural and mechanistic insights into hepatitis C viral translation 
initiation. Nat Rev Microbiol. 2007;5:29–38.

7	 Bai Y, Zhou K, Doudna JA. Hepatitis C virus 3’UTR regulates viral translation through direct 
interactions with the host translation machinery. Nucleic Acids Res. 2013;41:7861–7874.

8	 Andre P, Komurian-Pradel F, Deforges S, et al. Characterization of low- and very-low-density 
hepatitis C virus RNA-containing particles. J Virol. 2002;76:6919–6928.

9	 Agnello V, Abel G, Elfahal M, Knight GB, Zhang QX. Hepatitis C virus and other flaviviridae 
viruses enter cells via low density lipoprotein receptor. Proc Natl Acad Sci U S A. 
1999;96:12766–12771.

10	 Scarselli E, Ansuini H, Cerino R, et al. The human scavenger receptor class B type I is a novel 
candidate receptor for the hepatitis C virus. EMBO J. 2002;21:5017–5025.

11	 Bartosch B, Verney G, Dreux M, et al, An interplay between hypervariable region 1 of the 
hepatitis C virus E2 glycoprotein, the scavenger receptor BI, and high-density lipoprotein 
promotes both enhancement of infection and protection against neutralizing antibodies. 
J Virol. 2005;79:8217–8229.

12	 Farquhar MJ, Hu K, Harris HJ, et al. Hepatitis C virus induces CD81 and claudin-1 endocytosis. 
J Virol. 2012;86:4305–4316.

13	 Izumi RE, Das S, Barat B, Raychaudhuri S, Dasgupta A. A peptide from autoantigen La blocks 
poliovirus and hepatitis C virus cap-independent translation and reveals a single tyrosine 
critical for La RNA binding and translation stimulation. J Virol. 2004;78:3763–3776.

14	 Jopling CL, Yi M, Lancaster AM, Lemon SM, Sarnow P. Modulation of hepatitis C virus RNA 
abundance by a liver-specific MicroRNA. Science. 2005;309:1577–1581.

Key points

•	 The hepatitis C virus particle is a spherical (ø ~40–80 nm), 
enveloped virus (envelope contains viral glycoproteins E1 and 
E2), with a single-strand positive-sense RNA genome.

•	 The virus has an icosahedral capsid structure composed of core 
protein and circulates as lipo-viro-particles within the blood.

•	 The life cycle of HCV targets hepatocytes and consists of seven 
steps: attachment, entry, uncoating, RNA translation and 
polyprotein maturation, RNA replication, particle assembly on 
lipid droplets, and release.
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Chapter 3

Clinical features

Hepatitis C virus (HCV) infection is generally paucisymptomatic, except 
during the later stages of disease when complications of chronic HCV 
infection such as liver decompensation and hepatocellular carcinoma 
(HCC) occur. In this chapter we review the clinical features associated 
with acute and chronic HCV infection, including extrahepatic manifesta-
tions, and discuss factors associated with disease progression.

Acute and chronic HCV infection
Following infection with HCV, the acute phase of HCV infection is gener-
ally asymptomatic or rather unrecognized by the patient or physician. 
When symptoms are present they are mild and generally aspecific but 
may include fatigue, flu-like symptoms, dyspepsia, or jaundice (during a 
period of 2–12 weeks following infection). Serologically, HCV RNA will 
only be detectable 1–3 weeks after HCV infection, whereas seroconver-
sion may take place 4–10 weeks after exposure [1]. In practice, the first 
sign of liver injury will be rising alanine aminotransferase (ALT) levels 
4–12 weeks after infection. Thus, even in the absence of symptoms, 
elevated serum ALT levels, especially in at-risk individuals (intravenous 
drug users, parenteral exposure to HCV), should trigger further testing 
for HCV infection. Spontaneous resolution of the infection generally 
occurs within 3 months after infection; however, the majority of patients 
will progress toward chronic infection if untreated.

Chronic HCV infection is defined as persistence of detectable HCV 
RNA levels for more than 6 months after initial infection. The probability 
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of progressing to chronic HCV after an acute infection has been reported 
to be 55–85%, although this is likely an underestimate and most patients 
probably progress to chronic disease if asymptomatic acute infections are 
taken into account [2,3]. Factors linked to an increased risk of developing 
chronic HCV include host IFNL3 polymorphisms, human immunodeficiency 
virus (HIV) co-infection, and asymptomatic acute HCV infection [4]. 

Natural history of chronic HCV infection
Once chronic HCV infection is established, the natural history is remark-
ably variable and influenced by a number of cofactors. In general, the 
progression to cirrhosis will take decades. In a large systematic review 
of prognostic studies Thein et al [5] found the prevalence of cirrhosis at 
20 years after infection to be 16% (Figure 3.1). Alternatively, in a homo-
geneous cohort of young women infected by anti-D immunoglobulin in 
Germany, fibrosis progression rates were slower, with 15% of patients 
being cirrhotic at a 35-year follow-up [6]. 

Hepatic decompensation
The risk of hepatic decompensation and HCC development increases 
significantly after cirrhosis has occurred. Hepatic decompensation is 
characterized by the development of jaundice, ascites, variceal bleeding, 
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Figure 3.1 The natural history of hepatitis C virus infection [5–12]. This figure was produced 
using Servier Medical Art, available from www.servier.com/Powerpoint-image-bank.
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and encephalopathy. In a retrospective study of patients with HCV and 
compensated cirrhosis, 18% of patients developed liver decompensation 
at 5-years of follow-up, whereas 7% developed HCC [7]. Importantly, 
in an analysis of the Hepatitis C Antiviral Long-term Treatment against 
Cirrhosis (HALT-C) Trial (NCT00006164), after development of a Child-
Turcotte-Pugh score ≥7 the rate of subsequent events increased to 
12.9% per year, including a death rate of 10% per year, underlining 
the increased morbidity and mortality linked to even moderate signs 
of liver decompensation [8].

Hepatocellular carcinoma
HCV infection is the leading etiology of HCC in developed countries; 
50–60% of patients with HCC in the US are infected with HCV [9]. 
HCC rarely develops in livers with less fibrosis, although the risk of 
HCC increases as liver fibrosis progresses. The annual incidence of HCC 
in patients with established cirrhosis is 1–7% per year [10]. Crucially, 
despite sustained virological response (SVR) after antiviral therapy, the 
risk of HCC is reduced but not eliminated, especially in patients with 
advanced fibrosis [11].

Overall survival
As expected, overall survival is decreased in patients with chronic HCV 
infection, driven in part by increased liver-related deaths [12]. In the US, 
HCV is responsible for 4.58 deaths per 100,000 persons per year [12]. 
Additionally, depending on concomitant risk factors, it is becoming 
increasingly clear that mortality from extrahepatic causes, including 
renal and cardiovascular mortality, is also increased in patients with 
HCV (independent of the stage of fibrosis) [13]. Thus, treating patients 
with HCV infection may reduce the occurrence of liver-related and 
extrahepatic outcomes.

Clinical manifestations
Clinical manifestations of HCV infection are variable, but can be broadly 
classified into hepatic and extrahepatic manifestations. 
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Hepatic manifestations
Most patients in the early stages of chronic HCV infection are 
asymptomatic or have only mild non-specific symptoms such as fatigue, 
nausea, anorexia, weight loss, or arthralgia. Following the development 
of cirrhosis, patients may develop liver decompensation. In a review 
by Planas et al [14] of 200 cases of decompensated HCV cirrhosis, the 
most common sign of first hepatic decompensation in chronic HCV 
infection was ascites (48%), followed by variceal bleeding (32.5%), 
bacterial infection (14.5%), and hepatic encephalopathy (5%). During 
a mean follow-up of 34 months, 16.5% of patients developed HCC and 
death occurred in 42.5%, highlighting the high morbidity and mortal-
ity of patients with HCV presenting with hepatic decompensation [14]. 
Importantly, clinical manifestations of HCV cirrhosis are clinically 
indistinguishable from other etiologies of liver disease. 

Extrahepatic manifestations
Extrahepatic manifestations of chronic HCV infection are likely mul-
tifactorial, may be severe, and can lead to greater morbidity in some 
cases (Figure 3.2) [15]. 

Hematologic disorders
Specific hematologic disorders, including essential mixed cryoglobulinemia 
and B cell non-Hodgkin lymphoma, have been linked to chronic HCV 
infection. Essential mixed cryoglobulinemia (also called type II mixed 
cryoglobulinemia, monoclonal IgM, and polyclonal IgG) is found in 
19–50% of patients with chronic HCV, generally at low titers and clini-
cally asymptomatic. However, in 4–10% of all patients with HCV mixed 
cryoglobulinemia clinically manifests, most commonly with weakness, 
arthralgia, and purpura (the so-called Meltzer triad). Patients may 
develop leukocytoclastic vasculitis that will present clinically as palpable 
purpura and petechiae, generally involving the lower extremities. More 
serious manifestations of cryoglobulinemia include neurologic disease 
(peripheral neuropathy) and renal disease (usually membranoproliferative 
glomerulonephritis). Management of mixed cryoglobulinemia in the 
setting of HCV infection is complex and may require a combination of 
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immunosuppressive therapy and HCV therapy, depending on severity [16]. 
HCV infection has been associated with the development of B cell non-
Hodgkin lymphoma [17, 18]. Viral eradication may be associated with 
lower risk of lymphoma in patients achieving SVR [19].

Insulin resistance and diabetes
Clinical, experimental, and epidemiological evidence converge to suggest 
that there is a link between HCV and insulin resistance that may, in 
susceptible patients, lead to type 2 diabetes mellitus (T2DM) [20]. In a 
large systematic review by White et al [21] of over 300,000 patients the 
pooled estimate of T2DM in patients with HCV was an adjusted odds 
ratio (OR) of approximately 1.7. Insulin resistance may not only lead to 
cardiovascular complications, but has been shown to be associated with 
worsened response to antiviral therapy (at least with interferon [IFN]-
based regimens) and increased rates of HCC [22,23]. Curing HCV with 
antiviral therapy has been shown to result in reduction of insulin resist-
ance; however, virological non-responders did not demonstrate this 
benefit [24]. Danoprevir, a HCV non-structural protein (NS)3/4A protease 
inhibitor, showed similar effects in the improvement of insulin sensitivity 
in a Phase Ib trial in patients with HCV genotype 1 [25].

Dermatologic disease
The sporadic form of porphyria cutanea tarda (PCT) has been shown 
to have a strong association with HCV infection [26]. The two main 
clinical manifestations of PCT are hepatic (inflammation, steatosis, and 
fibrosis) and dermatologic disease (photosensitivity and skin fragility). 
Management of PCT generally includes avoidance of precipitating factors 
and treatment of the underlying HCV infection. Other skin disorders 
associated with HCV infection include the cryoglobulinemia-associated 
vasculitis, as described above, lichen planus, and pruritus. 

Neurologic manifestations
The involvement of the peripheral nervous system is closely linked to the 
presence of essential mixed cryoglobulinemia. Pathological findings often 
show ischemic nerve changes, a consequence of small vessel vasculitis, 
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leading to a symmetrical sensory or sensorimotor axonal-type polyneu-
ropathy with sensory loss and weakness in distal regions of limbs [27]. 
Alternatively, clinical presentation may include mononeuropathies or 
mononeuritis multiplex, with usual sparing of cranial nerves.

Although involvement of the peripheral nervous system during HCV 
infection is well documented, there is also an association with central 
nervous system disorders. Patients with HCV have a reduced quality 
of life due to a decrease in physical and mental health and more than 
50% report fatigue [28]. In addition, regardless of the severity of the 
liver disease, a mild deficiency in attention and memory has also been 
reported [29]. Regardless of pre-existing psychiatric disorders, patients 
with HCV infection are more likely to have comorbid neuropsychiatric 
symptoms, such as drug and alcohol abuse, major depression, bipolar 
disorder, and schizophrenia [30].

Other extrahepatic manifestations
There are a number of other extrahepatic manifestations of HCV, includ-
ing auto-immune manifestations (thyroid disease, sialadenitis, and 
immune thrombocytopenia) and ophthalmological disease (especially 
Mooren-type peripheral ulcerative keratitis). In addition, despite a gen-
erally ‘cardioprotective’ serum lipid profile with low total cholesterol, 
low-density lipoprotein, and triglycerides, and high high-density lipo-
protein compared to uninfected individuals [31], several retrospective 
and prospective studies have suggested an increased cardiovascular risk 
in HCV-positive individuals [15]. However, it remains unclear whether 
HCV infection is independently linked to increased cardiovascular out-
comes or whether its association with other cardiovascular risk factors, 
such as diabetes, drives this increase. 

Prognosis and factors affecting disease progression
There is a remarkable variability in HCV disease progression between 
individuals; this is due to a number of well characterized viral factors 
and host factors, as detailed in the following sections.
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Viral factors associated with disease progression
HCV RNA titers have not been associated with prognosis and overall 
disease progression, although viral genotype seems to play a prognostic 
role. HCV genotype 3 has been associated with increased fibrosis pro-
gression rates [32] and increased rates of HCC [11,33,34]. In addition, 
genotype 3 has also been associated with reduced response rates to 
non-IFN based antiviral therapy [33].

Host factors associated with disease progression
One of the main factors associated with disease progression is the amount 
of intrahepatic inflammation linked to HCV infection. This was demon-
strated in a meta-analysis of individual data of 3068 patients that showed 
that histological activity was significantly associated with fibrosis stage 
(adjusted OR greater than 5) [35].

Male sex is associated with accelerated fibrosis progression rates and 
higher HCC incidence, although this observation may be (at least in part) 
linked to hormonal effects as menopause is associated with a significant 
increase in fibrosis progression in women [35,36]. Recent reports have 
underlined the key role played by host genetic polymorphisms. In 590 
patients with an estimated date of infection and a subsequent liver biopsy, 
variations in TULP1, MERTK, and PNPLA3 genes and the major histocom-
patibility complex (MHC) region were associated with accelerated fibrosis 
progression rates [37]. Age at infection also seems to play a role, as patients 
infected at a younger age seem to have lower rates of disease progression.

A number of key modifiable host factors are tightly linked to HCV 
disease progression and prognosis. Crucially, alcohol use should be kept 
to a minimum by all patients with chronic HCV infection as alcohol 
abuse has been associated with accelerated disease progression and 
worse outcomes [38]. By contrast, a number of concordant studies seem 
to suggest a hepatoprotective role of coffee [39,40]. With the current 
worldwide epidemic of obesity and features of the metabolic syndrome, 
it is particularly worrying that steatosis, diabetes, and insulin resistance 
are all linked to increased progression and increased rates of HCC in 
patients with HCV [13]. 
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The role of hepatitis B co-infection on disease progression is still 
being elucidated, although it is clear that HIV and HCV co-infection leads 
to increased fibrosis progression rates and this negative effect may not 
be completely reversible even with active antiretroviral therapy [41]. 
Similarly, if untreated prior to liver transplantation, re-infection of the 
graft after transplantation is universal and fibrosis progression is markedly 
increased compared to non-transplanted controls [42].

Conclusion
Hepatitis C is a protean and clinically inconspicuous disease, therefore 
the threshold for testing individuals should be low, especially in at-risk 
individuals. If unidentified and left untreated, complications of HCV 
may arise within years to decades, depending on a number of host and 
viral factors. 

Key points

•	 HCV infection is generally paucisymptomatic in the early stages 
of infection; however, complications of chronic HCV infection 
occur during the later stages of disease (liver decompensation 
and HCC).

•	 Symptoms, when present, are mild and generally aspecific but 
may include fatigue, flu-like symptoms, dyspepsia, or jaundice.

•	 Even in the absence of symptoms, elevated serum ALT levels 
(especially in at-risk individuals) should trigger further testing 
for HCV infection.

•	 A majority of patients will progress toward chronic HCV infection 
if untreated.

•	 Non-modifiable factors affecting disease progression include 
hepatitis C virus genotype (genotype 3 causing the most rapid 
progression), intrahepatic inflammation, male sex, older age at 
infection, genetic polymorphisms, and HIV co-infection.

•	 Modifiable factors affecting disease progression include alcohol 
consumption and metabolic syndrome.
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Chapter 4

Pathophysiology

Immune response
In hepatitis C virus (HCV) infection liver damage is not due to direct 
effects of the virus; the immune response plays a primordial role in the 
pathophysiology of the disease.

Innate immunity
The first line of defense of the body against pathogens is the non-specific 
innate immune response. One main characteristic of the innate immune 
response is the capacity of the infected cell to recognize pathogen 
components (known as pathogen-associated molecular patterns [PAMPs]) 
as foreign. Cellular receptors, called pattern recognition receptors (PRRs), 
sense PAMPs and binding of these viral constituents with PRRs activate 
a cascade of reactions that leads to the synthesis of cytokines (such as 
type I interferon [IFN]). Secreted cytokines function locally by binding 
receptors on neighboring cells, which consequently activates the janus 
kinase/signal transducer and activator of transcription (Jak/STAT) signal-
ing pathway, leading to the transcription of hundreds of genes (interferon 
stimulated genes, [ISGs]), and therefore inducing an antiviral state. 

In HCV infection, hepatocytes sense particular HCV RNA genome 
structures (double-stranded RNA [dsRNA] or single-stranded RNA [ssRNA] 
with a 5′-triphosphate) that are unusual nucleic acids to be found in 
cells. Detection of these nucleic acids is via two distinct PRRs; Toll-like 
receptor-3 (TLR-3) and retinoic acid-inducible gene-I (RIG-I) [1]. HCV 
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has evolved strategies to counteract the IFN response (Figure 4.1). 
The viral protease NS3/4A not only acts during the maturation of the 
HCV polyprotein but also cleaves two molecules, Toll/interleukin-1 
receptor-domain-containing adapter-inducing IFN-β (TRIF) [2] and IFN-β 
promoter stimulator 1 (IPS-1) [3], involved in the RIG-I/TLR-3 signaling 
pathway. HCV core protein interferes with innate immune responses by 
blocking Jak/STAT signaling [4,5]. Some other HCV proteins, such as non-
structural protein (NS)5A [6,7] and envelope protein (E)2 [8], can also 
directly interfere with ISGs, thereby inhibiting their antiviral function. 

The innate immune system, in addition to the recognition of foreign 
components by PRRs, also consists of specific cells, such as dendritic 
cells (DCs) and natural killer (NK) cells, which are key actors in the 
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Figure 4.1 Interferon response to HCV infection. The pattern recognition receptors, RIG-I 
and TLR-3, in infected hepatocytes sense particular HCV RNA genome structures, activating the 
transcription of type I interferon (type I IFN), which binds to neighboring cells and in turn leads to 
the transcription of ISGs, via the activation of the Jak/STAT pathway. HCV interferes with interferon 
response at several levels: the protease NS3/4A can cleave TRIF and IPS-1 involved in the RIG-I/
TLR-3 signaling pathway; HCV core protein can block Jak/STAT signaling; and NS5A and E2 can 
inhibit the antiviral function of some ISGs. E, envelope; HCV, hepatitis C virus; IFN, interferon; JAK, 
Janus kinase; NS, non-structural; RIG-I, retinoic acid-inducible gene 1; TLR-3, Toll-like receptor 3. 
This figure was produced using Servier Medical Art, available from www.servier.com/Powerpoint-
image-bank. 
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immune response to viral infection. Cytokines produced by infected 
cells bind to DCs, which in turn produce more cytokines, leading to 
an amplification of the immune response. DCs also play a key role in 
priming the adaptive immune response by acting as antigen-presenting 
cells. NK cells have the ability to recognize and kill infected cells. NK 
cells recognize cells that have down-regulated major histocompatibility 
complex (MHC) class I molecules on their cell surface (an attempt to 
evade host immune responses), as well as other signals associated with 
viral infection (eg, MHC class I chain-related molecules). NK cells possess 
secretory lysosomes within their cytoplasms, where cytotoxic molecules 
are stored, ready for release into infected cells via tightly regulated and 
ordered exocytosis [9]. 

In HCV infection both cell types play an important role in the 
host immune response and their impairment may, in part, explain the 
establishment of chronic infection. In chronic HCV infection, NK cells are 
present in the liver and are activated, but they fail to clear the virus. It has 
been shown that NK cells from patients infected with HCV express a high 
level of CD94/NKG2A inhibitory receptors, which alter their activation 
(and the activation of DCs) [10]. In addition, the HCV envelope protein, 
E2, binds to CD81 (highly expressed on NK cells) to inhibit non-MHC-
restricted cytotoxicity and the production of IFN-γ, thus altering their 
functions [11]. The maturation and differentiation of plasmacytoid (pDCs) 
and conventional (cDCs) DCs are impaired in patients with chronic HCV 
infection. In the case of pDCs, HCV proteins (such as core protein and 
NS3) appear to reduce IFN-α production and induce pDC apoptosis either 
directly or via a monocyte-mediated mechanism [12,13]. Similarly, cDCs 
appear to display alteration in cytokine production [14], which may lead 
to delayed HCV-specific T cell priming, although this theory remains 
controversial and further research is required. 

Adaptive immune responses 
In general, the adaptive immune response takes place upon activation by 
innate immune actors. The main cells involved in the adaptive response 
are T and B lymphocytes, which allow a highly specific defense against 
infectious agents. Two types of T lymphocyte, CD4+ (helper) and CD8+ 
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(cytotoxic) T cells, display different functions, both of which are extremely 
important in immune defense. Following activation by antigen present-
ing cells, CD4+ T cells proliferate and secrete soluble molecules, such 
as interleukin (IL)-2, which stimulate T and B cell proliferation as well 
as activate macrophages. Activated CD8+ T cells acquire the ability to 
kill infected cells by producing molecules such as perforin or granzyme. 
When B lymphocytes are activated they differentiate into effector B cells 
and produce specific antibodies against viral antigens to neutralize them.

HCV can induce an adaptive immune response (Figure 4.2A); however, 
it is particularly delayed, as HCV-specific T cells and antibodies are 
usually only detectable 5–9 weeks and 8–20 weeks after infection, 
respectively [15,16]. Additionally, even though most patients produce 
antibodies against HCV epitopes, the majority of these antibodies do not 
display neutralizing activity and fail to clear the virus. It is worth noting 
that an early production of neutralizing antibodies has been correlated 
with HCV clearance [17], but so far their real implication in this process 
has not been fully established and it has been observed that HCV can be 
cleared in absence of humoral response (eg, in patients with hypogamma-
globulinemia) [18]. HCV appears to induce the production of antibodies 
and the proliferation of B cells that are not specific for HCV [19], which 
can lead in some cases to the development of type II mixed cryoglobu-
linemia or non-Hodgkin lymphoma [20]. 

Conversely, T cell response is absolutely essential for HCV 
clearance [15]. Studies in chimpanzees have demonstrated that the 
depletion of either subset of T cells leads to HCV persistence [21,22]. 
In addition, a correlation has been established between the presence of 
HCV-specific CD4+ T cells in the blood of patients during the acute phase 
of infection and clearance of the virus [23]. However, in most patients, 
HCV can persist despite the establishment of adaptive immune responses 
(Figure 4.2B). Several mechanisms have been proposed to explain the 
failure of these responses:
•	 the lack of proofreading activity of HCV polymerase can lead to 

virus escape from neutralizing antibodies as well as from the T cell 
response [24]; 
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•	 the presence of specific glycans on the E2 envelope protein protects 
HCV from neutralization by antibodies [25]; 

•	 virions inglobated into particles rich in host-derived lipids, the 
so-called lipo-viro-particles (LVPs);

•	 T cell exhaustion, defined by impaired cell functions and 
proliferation (often observed in patients with HCV);

•	 HCV-specific CD8+ T cells are characterized by a high expression 
of inhibitory receptors, such as programmed death–1 (PD-1), 
which, upon binding to its ligand PD-L1 (expressed on several 
types of cells in the liver, eg, Kupffer cells, stellate cells, and 
hepatocytes), promotes T cell apoptosis [26]. 
•	 However, treatment with antibodies targeting PD-1 can only 

partially restore the function of CD8+ T cells [27], indicating 
that T cell exhaustion is not only mediated by PD-1 but also by 
the co-expression of other inhibitory receptors. For instance, 
2B4 (CD244), killer cell lectin-like receptor G1 (KLRG1), and 
CD160 have been shown to be highly expressed by HCV-specific 
CD8+ T cells [28]. 

•	 another hallmark of HCV chronic infection is the proliferation of 
CD4+CD25+ T regulatory cells, which have the ability to suppress 
immune responses of other cells [29,30]. 

Molecular mechanisms of liver injury 
HCV almost exclusively infects hepatocytes and thus induces liver injury, 
including fibrosis, cirrhosis, and hepatocellular carcinoma (HCC). 

Microscopic anatomy and histology of the liver
The liver is the largest internal organ in the human body and is divided 
into four lobes (right, left, caudate, and quadrate lobes). The liver receives 
blood from two different origins: 
•	 the hepatic artery — brings the oxygen-rich blood to the liver; and
•	 the hepatic portal vein — brings blood containing nutrients 

absorbed from the gastrointestinal tract to the liver. 
The structural unit of the liver, the hepatic lobule, is a hexagonal structure 
formed of hepatocytes that are well organized around a central vein 
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(carries deoxygenated blood away from the liver). At each of the corners 
of the lobule the so-called portal space can be found. This space contains 
a branch of the hepatic artery, a branch of the hepatic portal vein, and 
a bile duct. Blood coming from hepatic portal vein and hepatic artery 

Figure 4.2 The immune response to HCV infection and strategies of viral escape. A, HCV 
induces the innate immune response (interferon signaling, dendritic cells, and natural killer cell 
activation), which primes the adaptive immune response (CD4+ [helper] and CD8+ [cytotoxic] T cells 
and antibody-producing B cells). B, HCV evolves several mechanisms contributing to the failure of 
immune response and the establishment of chronic infection (see text for more detail). This figure 
was produced using Servier Medical Art, available from www.servier.com/Powerpoint-image-bank.
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travels through capillaries, called sinusoids, to reach the central vein 
(Figure 4.3). Histologically, the liver is mainly composed of hepatocytes, 
but other types of cells are also found, including sinusoidal endothelial 
cells and Kupffer cells (liver resident macrophages), hepatic stellate 
cells (HSC) found in spaces of Disse (located between sinusoids and 
hepatocytes), and resident immune cells (such as lymphocytes).

Fibrogenesis and cirrhosis
Chronic hepatitis C is characterized by the inexorable development of 
liver fibrosis in response to persistent liver injury, which will eventually 
progress towards cirrhosis after several decades, following a classical 
wound-healing process. Cirrhosis, the most advanced stage of fibrosis, 
is characterized by the loss of the liver architecture caused by the pro-
gressive formation of fibrotic septa, which delimit nodules to profoundly 
modify the lobular structure of the liver. These modifications perturb 
the blood flow within the parenchyma, leading to loss of hepatocyte 
function and portal hypertension, the two main clinical consequences 
of cirrhosis. 

Figure 4.3 Schematic representation of the liver. The hepatic lobule contains hepatocytes 
organized around a central vein. The portal space found at each of the corners of the lobule 
contains a branch of the hepatic artery, a branch of the hepatic portal vein, and a bile duct. This 
figure was produced using Servier Medical Art, available from www.servier.com/Powerpoint-
image-bank.
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Fibrosis is a reversible process; reversion of the amount of fibrotic 
scarring in cases with established cirrhosis is frequently observed among 
HCV patients with a sustained virologic response (SVR) [31]. Fibrosis 
is defined as the abnormal accumulation of extracellular matrix (ECM) 
due to the imbalance between enhanced synthesis and reduced degrada-
tion of ECM proteins. Degradation of ECM proteins is regulated by the 
matrix metalloproteinases (MMPs), a large family of zinc-dependent 
endopeptidases. In the liver, several cell populations have been described 
to be potentially fibrogenic, including: 
•	 portal fibroblasts; 
•	 mesenchymal cells derived from the bone marrow; 
•	 fibroblasts derived from hepatocytes; 
•	 biliary epithelial cells, which may undergo epithelial to 

mesenchymal transition (EMT); and
•	 HSCs.
Among the cell types listed above, HSCs have been identified as the 
primary source of ECM in liver fibrosis. In chronic hepatitis C, the fibro-
genic process appears to be mainly the result of viral-induced inflamma-
tion; inflammatory cells of the intrahepatic infiltrate secrete cytokines 
and chemokines that induce the activation of HSCs [32]. Transforming 
growth factor (TGF)-β seems to be the most profibrotic cytokine. Activated 
HSCs display several activities, including the synthesis of ECM, the secre-
tion of MMPs and tissue inhibitors of metalloproteinases, contractile 
and migratory activities, and secretion of proinflammatory chemokines 
(eliciting an amplification of the process). The direct impact of HCV has 
been reported in studies investigating the role of core protein and E2 
on hepatic fibrogenesis [33,34]. In these studies it was demonstrated 
that viral proteins may directly induce infected hepatocytes to produce 
cytokines and reactive oxygen species, in turn activating HSCs without 
the participation of the inflammatory response [33,34]. This process 
could explain the fact that some patients develop significant liver fibrosis 
in a non-inflammatory context. 

A very important observation is that the liver fibrosis progression 
rate is highly variable among patients with HCV; ranging from patients 
without fibrosis (even after several decades of infection) to patients who 
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rapidly develop cirrhosis. A large study by Rüeger et al [35], conducted 
in the Swiss Hepatitis C Cohort and replicated in three other cohorts, 
stressed the role of host and viral factors (such as age at infection, sex, 
route of infection, HCV genotype 3, and the presence of single nucleotide 
polymorphisms [SNPs] in PNPLA3 or in the MHC region) in the progres-
sion of liver fibrosis.

Steatosis
Steatosis, also known as fatty liver, is characterized by an accumulation 
of neutral lipids in the cytoplasm of hepatocytes. Etiologies of steatosis 
include metabolic syndrome, excess alcohol consumption, host SNPs, 
toxins, or drugs. In chronic hepatitis C, the reported prevalence of steatosis 
varies between 40 and 86%, much higher than in the general popula-
tion (suggesting that HCV may directly cause steatosis) [36]. The direct 
contribution of HCV in the pathogenesis of steatosis is supported by the 
fact that it tends to decrease with successful antiviral therapy [37]. A 
strong association between steatosis and HCV genotype 3 is now well 
recognized [38]. 

Several non-exclusive molecular mechanisms have been described to 
account for HCV-induced steatosis (Figure 4.4). First, lipid neosynthesis 
appears to be increased via the activation of sterol regulatory element 
binding protein-1c (SREBP-1c), a transcription factor regulating the 
expression of enzymes involved in fatty acid biosynthesis [39]. Second, 
lipid secretion seems to be impaired; the low level of apolipoprotein B 
(ApoB) and cholesterol frequently observed in patients infected with 
HCV (especially with genotype 3) with steatosis is an argument in favor 
of fat retention in the liver. This is further supported by the fact that 
HCV interferes with microsomal triglyceride transfer protein (MTTP), 
an enzyme that plays a key role in very-low-density lipoprotein (VLDL) 
assembly [40,41]. Third, HCV also impairs mitochondrial fatty acid 
oxidation via the down-regulation of the peroxisome proliferator-activated 
receptor alpha (PPAR-α) [42–44]. Finally, HCV down-regulates the phos-
phatase and tensin homolog deleted on chromosome 10 (PTEN), which 
in turn promotes a reduction of insulin receptor substrate 1 (IRS-1) 
expression, leading to formation of lipid droplets [45]. 
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HCV needs lipids to achieve most steps of its life cycle, suggesting 
that HCV interferes with lipid metabolism to favor its own viral particle 
production. The tight relationship between HCV and lipids is illustrated 
by the following [46]: 
• HCV uses lipoprotein receptors — low-density lipoprotein receptor 

(LDLR) and scavenger receptor class B type 1 (SR-B1); 
• the specific membrane structure (the membranous web) in which 

replication takes place is highly dependent on the lipid composition; 

Figure 4.4. The mechanisms by which hepatitis C virus induces steatosis. Several levels of 
lipid metabolism can be affected by HCV, for example, free fatty acid neosynthesis and lipid 
β-oxidation or secretion (see text for more detail). ApoB, apolipoprotein B; MTP, microsomal 
triglyceride transfer protein; PPARα, peroxisome proliferator-activated receptor alpha; SREBP-1c, 
sterol regulatory element-binding protein 1c; VLDL, very-low-density lipoprotein. This figure was 
produced using Servier Medical Art, available from www.servier.com/Powerpoint-image-bank.
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• particle assembly is believed to occur on lipid droplets; and 
• HCV circulates as LVPs.

Pathogenesis of HCV-associated hepatocellular carcinoma 
HCC is the fifth most common cancer worldwide and leads to 
approximately 700,000 deaths per year [47]. Epidemiological studies 
have indicated that chronic HCV infection is the second most impor-
tant risk factor for HCC and HCC represents the major cause of death in 
patients with chronic HCV infection [48]. The pathophysiology of HCC 
is a complex process and is not fully understood; both indirect and HCV 
protein-driven direct effects have been documented and implicated 
in HCC development. The indirect effect of chronic inflammation is 
certainly an important risk factor for HCC. A large majority of cases 
of HCC caused by HCV occur in the background of cirrhosis [49]. In 
this context, repetitive cycles of cell death and regeneration probably 
contribute to the progression of HCC. Cellular transformation may 
also be participated by oxidative stress generated from inflammation 
in chronic HCV infection (Figure 4.5). An interesting feature of HCV 
is its ability to induce insulin resistance and steatosis, hallmarks of 
metabolic syndrome, another well recognized risk factor of HCC. Data 
from a study by Hung et al [50] of 188 patients with different stages of 
HCV infection suggested that insulin resistance is associated with HCC 
in chronic hepatitis C infection. A study by Kuske et al [51] of 3390 
patients with HCV from the Swiss Hepatitis C Cohort identified diabetes 
as an independent risk factor of HCC. Steatosis also appears to be an 
independent risk factor for the development of HCC [52,53], although 
evidence is limited. Interestingly, multiple studies have pointed out the 
direct effect of HCV proteins on host gene expression that promote cancer 
development. More specifically, some pathways involved in tumorigenesis 
(such as the mitogen-activated protein kinase [MAPK] [54], Wnt/β-
catenin [55], and TGF-β [56] pathways) are impaired by the expression 
of HCV proteins (Figure 4.5). Alternative mechanisms also comprise the 
activation of oncogenes and/or the inactivation of tumor suppressors 
by HCV proteins (Figure 4.5), including: 
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• the transcription of c-Myc (an oncogene contributing to the 
occurrence of many types of cancers, including HCC, mainly by 
inducing genetic damage) is increased by NS5A through β-catenin 
pathway activation [57];

• the function of p53, a tumor suppressor that plays a role in 
apoptosis, genomic stability, and cell growth and is frequently 
inactivated in HCC [58], is impaired by HCV infection [59];

• NS5B induces a proteasome-dependent degradation of the 
Retinoblastoma protein (Rb), another tumor suppressor, 
subsequently leading to a stimulation of the cell cycle [60]; and

• the HCV core protein induces a decrease of the tumor suppressor, 
PTEN, which could also contribute to HCC [45].

Figure 4.5 Mechanisms of hepatocellular carcinoma development in patients with chronic 
HCV infection. Nearly all cases of HCC occur in the background of cirrhosis. Oxidative stress due 
to inflammation may contribute to the development of HCC and HCV proteins can also directly 
promote HCC by impairing pathways involved in tumorigenesis, thus activating oncogenes 
and/or inactivating tumor suppressors. HCV, hepatitis C virus; MAPK, mitogen-activated protein 
kinases; PTEN, phosphatase and tensin homolog deleted on chromosome 10; Rb, Retinoblastoma 
protein; ROS, reactive oxygen species. This figure was produced using Servier Medical Art, 
available from www.servier.com/Powerpoint-image-bank.
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Chapter 5

Diagnosis

With the advent of highly active direct acting antivirals (DAAs) for the 
treatment of chronic hepatitis C, the goal of potential worldwide eradica-
tion of hepatitis C virus (HCV) infection seems achievable. However, it is 
becoming clear that one of the major challenges in reaching such a goal 
is the high rate of underdiagnosis of the infection and the insufficient 
link to care. In a US-based cohort carried out between 2001 and 2008, 
30,140 patients from the National Health and Nutrition Examination 
Survey were tested for HCV infection; of those positive for HCV only 
half were aware of their HCV-positive status [1]. Similarly, in a French 
cross-sectional study by Meffre et al [2] 43% of HCV-positive individuals 
were unaware of their status. Underdiagnosis is partly due to the largely 
asymptomatic initial phase of chronic HCV infection, which can prevent 
early diagnosis and thus limit the potential benefits of antiviral drugs. 
In this context, the Centers for Disease Control and Prevention (CDC) 
recently recommend a population-based screening strategy based on birth 
cohorts. This method of screening is being considered by countries based 
on the success of the US birth cohort [3,4]. In this chapter we review the 
main aspects of the diagnosis of chronic HCV infection in accordance, 
where relevant, with major US and European guidelines.

Screening for chronic HCV infection
In light of evidence suggesting that risk factors in individuals diagnosed 
with HCV are under-reported, the CDC, the American Association for the 
Study of Liver Disease (AASLD), and the US Preventive Services Task Force 
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have implemented a one-time screening for HCV infection in all persons 
born between 1945 and 1965, the so-called ‘baby-boomers’ [3,5,6]. This 
strategy was supported by epidemiological findings in this age-group 
showing that baby-boomers accounted for approximately 75% of all HCV 
infections and had a five-fold higher prevalence of HCV than other age 
groups [3,5]. Early reports based on insurance claims in the US are encour-
aging as they indicate increased uptake of screening in this population 
(although the recommendation has yet to reach full penetration) [7]. 
Conversely, European guidelines recommend screening in targeted (higher 
risk) populations only and do not endorse population-wide screening [8].

US guidelines also endorse targeted HCV screening in at-risk 
individuals [5]. As the transmission of HCV is primarily through percu-
taneous exposure to contaminated blood, the CDC and AASLD-Infectious 
Disease Society of America (IDSA) guidelines [5] focus on risk exposure 
through injection drug use, health care exposure, incarceration, and 
potential vertical transmission though an HCV-positive mother (see 
Table 5.1 for a full list of risk factors that justify HCV screening). These 
recommendations pertain to the US setting and must be adapted to local 
risk factors, populations, and geographic considerations. Guidelines 
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1.	 Individuals born between 1945 and 1965 irrespective of risk factors

2.	 Risk behaviors
A.	 Past or current injection drug use
B.	 Intranasal drug use

3.	 Risk exposures
A.	 Long-term hemodialysis
B.	 Tattoo in an unregulated setting
C.	 Needle-stick, sharps, or mucosal exposure to HCV-infected blood in a healthcare setting
D.	 Child born to HCV-infected mother
E.	 Prior recipients of transfusions or organ transplants, including persons who:

−	 were notified that they received blood from a donor who later tested positive 
for HCV

−	 received a transfusion of blood or blood components, or underwent an organ 
transplant before July 1992

−	 received clotting factor concentrates produced before 1987
F.	 Persons who were in prison
G.	 HIV-infected individuals
H.	 Unexplained liver disease or elevated aminotransferase levels
I.	 Solid organ donors

Table 5.1 Recommendations for hepatitis C virus screening based on AASLD-IDSA, US 
Preventive Services Task Force, and CDC guidelines [5,6,9].
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from the European Association for the Study of the Liver (EASL) are less 
specific and simply refer to “the local epidemiology of HCV infection, 
ideally within the framework of national plans” [8].

Assays for detecting HCV infection
The AASLD-IDSA and EASL guidelines suggest that individuals who 
qualify for HCV testing should sequentially be tested for HCV antibodies 
and, if positive, this should be followed by a confirmatory HCV RNA 
test [5,8] (Figure 5.1). In addition, genotype testing is mandatory if the 
patient will potentially qualify for therapy. Although modern diagnostic 
assays for HCV are highly accurate, their limitations must be known and 
understood by the clinician in order to minimize medical costs and to 
avoid unnecessary psychological burden on screened persons. 

Serology
Currently, the most widely used assay for initial screening is a third-
generation enzyme immunoassay (EIA) that detects structural and non-
structural (NS) viral proteins. Third-generation EIAs detect antibodies 

Figure 5.1 Interpretation and suggested management of hepatitis C virus serology and 
RNA results. In general these guidelines are consistent with those published by the US Center 
for Disease Control and Prevention [10]. EIA, enzyme immunoassay; HCV, hepatitis C virus ; RNA, 
ribonucleic acid.
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that bind to recombinant antigens derived from four viral regions: core, 
NS3, NS4, and NS5. Current serologic assays are highly specific (>99%), 
but the positive predictive value may actually be low in populations with 
low HCV prevalence, such as screening of volunteer blood donors or of the 
general population, resulting in a considerable number of false-positive 
results in these settings [11]. Sensitivity of HCV EIAs is high, approxi-
mately 98% [12]; however false-negatives may occur in the setting of 
major immunosuppression, chronic hemodialysis, or acute HCV infection 
prior to seroconversion. 

Rapid antibody testing
Due to an increasing demand for rapid point-of-care diagnostic tests 
for HCV, the US Food and Drug Administration (FDA) approved the 
OraQuick® HCV Rapid Antibody Test in 2011 for use with whole blood 
samples obtained either by venipuncture or finger-stick capillary blood. 
The results from this point-of-care test are available in 20–40 minutes; 
however, a positive test should be followed up with supplementary HCV 
testing. Diagnostic performance of this test is similar to that of EIAs, 
with pooled sensitivity and specificity of >99% according to a recent 
systematic review by Khuroo et al [12], suggesting that, thanks to their 
ease of use and rapid results, these tests could lead to wider testing access 
for those at risk of HCV (dependent on cost).

HCV RNA testing
According to the AASLD-IDSA guidelines [5], the indications for testing 
with an HCV nucleic acid test include a positive HCV serology (to confirm 
current active HCV infection), patients who are immunocompromised 
(including those on chronic hemodialysis) even if HCV serology is negative, 
or individuals exposed to HCV within the last 6 months who may not 
have developed detectable HCV antibodies. In addition, HCV RNA testing 
should be performed in all patients with HCV undergoing treatment with 
antiviral therapy and at regular intervals during and after treatment [5]. 
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Qualitative and quantitative HCV RNA assays
Qualitative assays do not allow quantification of viral HCV RNA titers 
but they provide a categorical yes or no answer to whether HCV RNA is 
detectable in the sample. Historically, qualitative assays were used for 
HCV diagnosis due to increased sensitivity. However, current ultrasensitive 
quantitative HCV RNA assays achieve similar sensitivity to qualitative 
assays, and have a lower limit of detection (around 10 IU/mL).

Genotyping HCV
HCV has a high degree of genetic heterogeneity that has significantly com-
plicated classification. Genotypes (equidistant phylogenetic groups) differ 
from each other by 31–33% of nucleotides, and the next level of classification, 
subtypes, differ by 20–25% of nucleotides [13]. Nevertheless, despite this 
sequence diversity, all HCV genotypes share an identical complement of co-
linear genes of similar size in the large open reading frame. The most recent 
classification scheme has identified seven distinct genotypes, 67 confirmed 
subtypes, and 20 provisionally assigned subtypes [14]. Clinically, geno-
typing HCV is critical as it determines the type and response to antiviral 
therapy. Additionally, HCV genotype, in particular genotype 3, has also 
been linked to differing prognosis and histological findings [15]. EASL 
guidelines recommend an assay specifically distinguishing genotype 1a 
and 1b, as the result affects the antiviral regimen chosen [8].

Technically, HCV genotyping is performed by a number of differ-
ent methods. The gold standard is the direct sequencing of the viral 
genome with phylogenetic analysis. Alternative methods more suitable 
for routine clinical use involve sequencing only the 5`UTR of the viral 
genome or differential hybridization of the same region to oligonucleotides 
immobilized on nitrocellulose strips [16]. Differentiation between sub-
types 1a and 1b, especially in the setting of treatment with DAAs, is 
relevant and methods solely based on the analysis of the 5`UTR failed 
to identify subtype 1a in approximately 25% of samples, prompting the 
development of a reverse hybridization assay targeting the 5`UTR and 
core-coding region [17]. This method allows correct classification of 
subtypes 1a and 1b in more than 99% of cases [17].
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Liver biopsy and histology
One of the most important steps in the management of the individual 
patient with chronic HCV is the assessment of the stage of liver disease 
and in particular the assessment for the presence of advanced fibrosis, 
as underlined in the AASLD-IDSA and EASL guidelines [5,8]. The refer-
ence standard for the assessment of hepatic disease activity and staging 
has traditionally been liver biopsy, although, recently a number of non-
invasive alternatives have been made available in selected individuals.

Liver biopsy, most often performed through the right intercostal 
percutaneous route, allows the assessment of the grade of hepatic injury 
(necroinflammatory activity) and the stage of disease (fibrosis stage or 
cirrhosis) (Figure 5.2). 

Numerous grading and staging systems have been developed in 
an effort to quantify and uniformize the assessment of liver disease 
severity; two of the most common systems are the Ishak [18] and the 
METAVIR systems [19]. The necroinflammatory component schematically 
combines, depending on the score, piecemeal necrosis (periportal or 
periseptal interface hepatitis), lobular activity, confluent necrosis, and 

Figure 5.2 Illustrative histological photomicrographs of healthy liver, steatosis, fibrosis, and 
cirrhosis. A, healthy liver; B, steatosis; C, fibrosis; d, cirrhosis. The top two panels are hematoxylin 
and eosin stained and the bottom two are trichrome stained.
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portal inflammation and yields a histological grading score of 0–18 
in the Ishak system and a simpler 0–3 activity score in the METAVIR 
system. The fibrosis staging score assesses the degree of portal fibrosis 
and the presence of fibrotic septa formation and is staged 0–6 and 0–4 
in the Ishak and METAVIR systems, respectively (Table 5.2). In addi-
tion, liver biopsy may identify other hepatic lesions, such as signs of 
alcoholic and non-alcoholic fatty liver disease, iron deposits, or other 
findings suggesting potential cofactors to HCV disease progression that 
are useful in the management of the patient. Finally, another advantage 
of histology is the possibility to perform additional, more advanced 
analyses, such as specific histological staining or molecular analyses 
that inform on the risk of disease progression above commonly identi-
fied clinical risk factors [20]. However, one must also take into account 
the potential limitations of staging liver disease using hepatic histology, 
underlined in studies comparing fibrosis assessment of entire surgical 
samples and virtual biopsies in the same samples and showing that biopsy 
samples less than 25 mm were associated with an increased variability 
of fibrosis assessment [21]. In addition, potential side effects and risks 
associated with liver biopsy must also be taken into account. In a French 
prospective nationwide survey of over 2000 liver biopsies, although 
no deaths related to the procedure were noted, severe complications 
were observed in 0.57% of patients and were associated with number 

Stage Ishak system METAVIR system

0 No fibrosis No fibrosis

1 Fibrous expansion of some portal areas Stellate enlargement of portal tract 
but without septa formation

2 Fibrous expansion of most portal areas Enlargement of portal tract with rare 
septa formation

3 Fibrous expansion of most portal areas with 
occasional portal to portal bridging

Numerous septa formation

4 Fibrous expansion of portal areas with marked 
bridging as well as portal to central

Cirrhosis

5 Marked bridging fibrosis with occasional 
nodules (incomplete cirrhosis)

N/A

6 Probably/definite cirrhosis N/A

Table 5.2 Comparison of fibrosis staging in the Ishak scoring system and the METAVIR 
system [18,19]. N/A indicates not applicable.
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of passes (number of biopsies taken), inexperience of the operator, not 
using US guidance, and not using atropine [22]. However, this study may 
have been underpowered to identify death after liver biopsy, as a large 
multicenter retrospective review [23] of over 65,000 percutaneous liver 
biopsies in Italy reported that, although infrequent, death occurred in 9 
per 100,000 cases. The study also demonstrated that Menghini’s needle, 
currently recommended for routine biopsy, was associated with fewer 
complications [23]. Pain is a common but less threatening side effect of 
liver biopsy and is present in approximately one-third of patients. Other 
routes of access to hepatic tissue in patients at risk of hemorrhage or 
complications include transjugular liver biopsy [24], which may reduce 
the risk of complications; however, this is costly, requires experienced 
personnel, and is only available in a limited number of centers. 

Non-invasive tests
Due to potential complications and risks of sampling bias of liver biopsy, a 
significant effort has been devoted to developing non-invasive strategies 
to assess liver disease severity in the context of HCV infection. A number 
of different scores, using a combination of various clinical parameters 
and serum markers, have been developed especially to assess the degree 
of liver fibrosis [25]. Schematically, serum-based biomarkers may be 
differentiated into direct markers (reflecting deposition and removal 
of extracellular matrix within the liver, such as serum hyaluronate, 
laminin, type IV collagen, and procollagen) and indirect markers (such 
as prothrombin time, platelet count, and ratio of aspartate aminotrans-
ferase [AST] to alanine aminotransferase [ALT]). Markers are often 
combined in tests that have been validated, such as the AST to platelet 
ratio index (APRI) [26], fibrosis-4 (FIB-4) [27], Forns index [28], Lok 
index [29] (based on the HALT-C cohort), or the FibroTest (FibroSURE™ 
in the US) [30]. Performance of these assays varies widely, with reported 
sensitivities of 30–98% and specificities of 45–99% [25]. Non-invasive 
tests often perform well for detecting advanced fibrosis and cirrhosis; 
however, their diagnostic performance is less clear for intermediate 
levels of fibrosis. In addition, their usefulness at determining response 
to therapy and patient prognosis is still under investigation.
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Transient elastography (TE) (also known as FibroScan®) is a ‘physical’ 
approach to non-invasively assess liver fibrosis by measuring liver stiffness. 
Advantages of TE include: 
•	 short procedure time; 
•	 immediate results; and 
•	 relative ease for learning or performing the procedure. 
However, although very good inter- and intra-observer agreement has 
been noted, a measurement cannot be obtained in approximately 20% 
of individuals with the regular probe [31]. A newer (extra-large) probe 
seems to resolve some of these issues, at least in obese individuals [32]. 
Nevertheless, similar to serum-based markers, TE accurately distinguishes 
patients with advanced fibrosis from those with no or very early fibrosis; 
however, its performance is insufficient in patients with intermediate 
grades of fibrosis [25]. Newer strategies, such as Acoustic Radiation Force 
Impulse Imaging (ARFI), are currently being evaluated and compared 
to more established non-invasive strategies [33].

A combination of non-invasive strategies has been shown to increase 
overall performance and possibly reduce the need for liver biopsy in 
selected patients. For instance, a large study by Boursier et al [34] of 
more than 1700 patients with hepatitis C found that a combination of 
FibroMeter® and FibroScan® accurately stratified patients into six fibrosis 
classes and eliminated the requirement for liver biopsy, although these 
findings require further validation.

Conclusion
In conclusion, many tools are available to clinicians to accurately diag-
nose, risk stratify, and stage a patient with suspected HCV infection. 
Efforts are now underway to improve screening and identification of 
HCV-infected patients, and the current tools available for diagnosis and 
risk assessment will probably require refinement to further streamline 
the management of patients.
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Key points

•	 Underdiagnosis of HCV infection and insufficient link to care are 
major challenges that need to be addressed in order to achieve 
the goal of global HCV eradication.

•	 The initial phase of chronic HCV infection is largely 
asymptomatic, which prevents early diagnosis and limits the 
potential benefits of antiviral drugs.

•	 At-risk individuals should be sequentially tested for HCV 
antibodies and, if positive, followed-up with a confirmatory HCV 
RNA test.

•	 Genotyping HCV is critical as it determines response to antiviral 
therapy. The gold standard is the direct sequencing of the viral 
genome with phylogenetic analysis.

•	 HCV nucleic acid testing should be carried out in individuals 
with positive HCV serology, those who are immunocompromised, 
individuals recently exposed to HCV, and in all patients with 
HCV undergoing treatment.

•	 Assessment of the stage of liver disease and the presence 
of advanced fibrosis is one of the most important steps in 
management of patients with chronic HCV.

•	 The grade of hepatic injury and the stage of disease have 
traditionally been assessed by liver biopsy.

•	 Recently, a number of non-invasive alternatives have been made 
available in selected individuals:

−	 direct and indirect serum-based biomarkers combined in 
validated tests (eg, APRI, FIB-4, Forns index, Lok index, and 
FibroTest); and

−	 physical approaches (eg, measuring liver stiffness using TE).
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Chapter 6 

Management of HCV infection

Introduction
There has been a tremendous shift in the landscape of hepatitis C virus 
(HCV) management with the advent of direct acting antivirals (DAAs). 
HCV therapy with DAAs has dramatically increased the efficacy of therapy, 
reduced side effects, and reduced treatment duration. However, due to high 
pricing strategies, this progress has come at a high financial cost, limiting 
the accessibility of these novel drugs to patients with advanced stages 
of hepatitis C. This state of affairs raises important societal and ethical 
issues [1]. In this chapter, we review the current management strategies 
of patients with HCV infection in light of major international guidelines.

Goals of therapy
The primary goal of the management of patients with HCV is to reduce or 
eliminate the complications of chronic HCV infection, such as the devel-
opment of cirrhosis, hepatic decompensation, hepatocellular carcinoma 
(HCC), extrahepatic manifestations, and death. To achieve this goal, 
the endpoint of therapy, or the cure of HCV, is defined as sustained 
virological response (SVR) (undetectable HCV RNA at 12 weeks [SVR12] 
or 24 weeks [SVR24] after treatment completion). SVR has been associ-
ated with reduced all-cause mortality, reduced liver-related mortality 
and transplantation, and reduced development of HCC [2]; reinforcing 
its role as a robust endpoint of antiviral therapy.
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Patient assessment for antiviral therapy
As a general rule, all patients with evidence of virological presence of HCV 
(ie, detectable blood HCV levels) should be assessed for possible antiviral 
therapy. Every patient considered for antiviral therapy should have a 
complete history recorded in their medical records. The history should 
focus on the presence or absence of symptoms related to liver disease or 
extrahepatic manifestations and, additionally, previous antiviral treatment 
history should be clarified (the pattern of response to previous therapy 
allows categorization of patients based on their treatment history) (Box 6.1). 

Assessment of liver fibrosis is a key component of patient evaluation 
as the prognosis of patients and their response to antiviral therapy is 
strongly correlated with the stage of fibrosis (see Chapter 3). As discussed 
previously, although liver biopsy has traditionally been considered the 
gold standard to define the fibrosis stage, current guidelines endorse 
non-invasive strategies (including liver stiffness measurement and blood 
biomarkers) and suggest liver biopsy only in cases where there is uncer-
tainty or potential additional etiologies of liver disease [3]. 

HCV viral RNA load and especially HCV genotyping and subtyping of 
genotype 1a from 1b are key factors that will indicate treatment strategy. 
HCV resistance testing at the outset is not recommended, unless con-
sidering a regimen of pegylated interferon-alpha (peg-IFN-α), ribavirin, 
and simeprevir in patients with HCV genotype 1 (due to reduced respon-
siveness of Q80K mutated strains in genotype 1a HCV infection) [3,4].

Indications and contraindications to antiviral therapy
Major international guidelines recommend that all patients with chronic 
HCV infection be considered for antiviral therapy [3,4]. However, due to 
limited financial and human resources, treatment should be prioritized 
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Box 6.1 Key definitions in the categorization of patient treatment history

•• Treatment-naïve patients are those who have never received antiviral therapy.

•• Relapse patients are those with undetectable HCV RNA at the end of treatment but relapse 
after the end of therapy without achieving an SVR.

•• Non-responders are patients who fail to achieve a decline of 2 log10 HCV RNA (IU/mL) after 
12 weeks of therapy with an interferon-based regimen, or failure to achieve undetectable 
HCV RNA during 24 weeks of therapy.



based on fibrosis stage, degree of liver failure, risk of progression to 
advanced disease, presence of extrahepatic manifestations, and risk of 
HCV transmission. The highest priority is assigned to patients with HCV 
with METAVIR stage F3 fibrosis or compensated cirrhosis, liver transplant 
recipients, and patients with severe extrahepatic manifestations (such 
as essential mixed cryoglobulinemia with end-organ manifestations and 
renal manifestations of HCV infection) [5,6]. In addition, The European 
Association for the Study of the Liver (EASL) guidelines [3] endorse urgent 
treatment of patients with decompensated cirrhosis with interferon (IFN)-
free regimens. A high priority to HCV therapy is also assigned to indi-
viduals with HCV and human immunodeficiency virus (HIV) or hepatitis 
B virus (HBV) co-infection (regardless of fibrosis stage), patients with 
debilitating fatigue, co-existent liver disease, or type 2 diabetes mellitus. 
Patients with METAVIR stage F2 fibrosis are also assigned a high priority 
to therapy in the American Association for the Study of Liver Diseases/
Infectious Diseases Society of America (AASLD-IDSA) guidelines [4]; 
however, therapy should be individualized and may be postponed in 
patients with F0–F1 fibrosis and none of the above-mentioned compli-
cations. Another group that should be prioritized for therapy regardless 
of fibrosis stage is individuals at risk of transmitting HCV as treatment 
may lead to potential transmission reduction benefits [3,4]. This group 
includes men who have sex with men (who are HIV positive), individuals 
who have high-risk sexual practices, active injection drug users, patients 
on hemodialysis, HCV-infected women of childbearing age wishing to 
get pregnant, HCV-infected health care workers performing exposure-
prone procedures, and incarcerated individuals.

In general, antiviral therapy is contraindicated in patients with 
limited life expectancy (due to non-HCV-related comorbidities) who 
would therefore not benefit from therapy, although, every individual 
case must be assessed by an experienced clinician. Specific contrain-
dications to antiviral therapy essentially include contraindications to 
specific drugs, for example, therapy with peg-IFN-α and ribavirin is 
absolutely contraindicated in patients with severe uncontrolled depres-
sion, psychosis or epilepsy, pregnant women, decompensated liver disease, 
severe comorbid medical disease, or patients with severe neutropenia 
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and/or thrombocytopenia. As of 2015, no known absolute contraindica-
tions to DAAs have been described, although, sofosbuvir is contraindicated 
in severe renal failure and the safety of several DAAs in certain clinical 
situations (such as decompensated liver disease) remains unknown. In 
addition, the clinician is encouraged to assess all potential drug interac-
tions, especially in the setting of antiretroviral therapy for HIV.

Overview of drugs currently approved for  
HCV management
Interferon and ribavirin
The combination of peg-IFN-α and ribavirin was the cornerstone of HCV 
treatment until 2011, when more effective, novel DAAs were introduced 
(Figure 6.1). Treatment lasted 24–48 weeks depending on the viral 
genotype and severity of liver disease. This regimen led to SVR rates of 
approximately 40–50% in patients with genotype 1 and 4, and higher 
SVR rates in patients with genotype 2, 3, 5, and 6 [7,8]. Side effects of 
this regimen are substantial and include anemia, neutropenia, throm-
bocytopenia, fatigue, neuropsychiatric effects, flu-like symptoms, and 
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Figure 6.1  Therapeutic targets of direct acting antivirals in the hepatitis C virus life cycle. 
The suffix of the name of the different drugs indicates its target: NS3/4A protease inhibitors end 
with the suffix ‘previr’, NS5A inhibitors end with ‘asvir’, and NS5B polymerase inhibitors end with 
‘buvir’. HCV, hepatitis C virus; LD, lipid; NS, non-structural; RNA, ribonucleic acid.
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multiple other symptoms. Discontinuation/interruption of therapy due 
to side effects and contraindications occurs in 10–20% of patients [8].

NS3/4A protease inhibitors
Non-structural (NS)3/4A protease inhibitors (PIs) inhibit the viral NS3/4A 
serine protease by blocking the NS3 catalytic site or the NS3/NS4A interac-
tion. In 2011, two first generation NS3/4A PIs, telaprevir and boceprevir, 
were licensed for use in genotype 1 HCV infection in conjunction with 
peg-IFN-α and ribavirin. SVR rates for this new combination improved 
to approximately 70% [9,10]; however, the side effect profile of first 
generation PIs (especially in patients with advanced fibrosis) as well as 
the pill burden has limited their use since the availability of better toler-
ated, more efficacious alternatives.

Simeprevir, a second generation NS3/4A PI, was approved in the EU 
and the US in 2014. It has been shown to be effective in patients with 
HCV genotype 1 in association with peg-IFN-α and ribavirin, although 
it should not be used for patients with prior failure of PI. Simeprevir 
is most efficacious in treatment-naïve patients and patients with prior 
relapses [11,12]; SVR rates are lower in patients with cirrhosis and treat-
ment-experienced patients who had prior partial or null response [11–13]. 
Nevertheless, despite an improved side effect profile, the use of com-
bination simeprevir- and peg-IFN-α-based therapy remains limited due 
to the side effects linked to IFN. A combination of simeprevir and the 
NS5B inhibitor, sofosbuvir, has been shown to be effective in patients 
with genotype 1, based on the COSMOS (NCT01466790) and OPTIMIST 
(NCT02114177, NCT02114151) trials [14,15]. Simeprevir is generally 
well tolerated, although photosensitivity and rash have been reported, 
and due to hepatic elimination of simeprevir it is contraindicated in the 
setting of liver failure (Child-Turcotte-Pugh class B or C). In addition, 
drug interactions should be checked prior to administering this drug as 
it is metabolized by the CYP3A family.

Paritaprevir is a PI used in combination with low-dose ritonavir for 
pharmacological boosting and is currently combined with ombitasvir, 
an NS5A inhibitor, and usually dasabuvir, a NS5B inhibitor (except in 
case of infection with genotype 4).
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NS5A inhibitors
NS5A inhibitors inhibit the NS5A protein, which plays a key role in HCV 
replication and assembly. These molecules are generally potent and have 
a pan-genotypic activity, but a low barrier to resistance means that viral 
resistance can develop relatively easily. Currently, approved members of 
this class include ledipasvir, daclatasvir, and ombitasvir.

Daclatasvir and ledipasvir are generally used in combination with 
sofosbuvir, whereas ombitasvir is available as a fixed-dose combina-
tion with paritaprevir and ritonavir, usually also with dasabuvir. NS5A 
inhibitors have few reported side effects, although, there is a risk for 
drug interactions; daclatasvir, for example, is metabolized through 
CYP3A4 and should not be administered with inducers/inhibitors of this 
cytochrome without dosage adjustment.

NS5B inhibitors
The NS5B viral protein is a RNA-dependent RNA polymerase that is 
required for HCV replication. NS5B inhibitors are active across all geno-
types due to the highly conserved nature of the RNA polymerase. NS5B 
inhibitors are separated into two classes; nucleoside PIs (including sofos-
buvir) and non-nucleoside PIs (such as dasabuvir). 

Sofosbuvir was the first NS5B inhibitor approved for HCV therapy 
(approved in the US and EU in 2014 for use in combination therapy). Its 
excretion is primarily renal so it should be avoided or reduced in patients 
with severe renal impairment. No dose adjustment is required in patients 
with hepatic impairment. Reported side effects are generally mild and include 
fatigue, nausea, and anemia, although, these symptoms may be attributable 
to concomitant peg-IFN-α and ribavirin use. Recently, cases of symptomatic 
bradycardia in patients on sofosbuvir therapy have been reported, although, 
it remains unclear what the clinical consequences of these findings are [16]. 
Although sofosbuvir is not metabolized by cytochrome P450, it is transported 
by permeability glycoprotein (P-gp) and therapeutic levels may be affected 
by P-gp inducers such as rifampin, carbamazepine, or phenytoin.

As a class, non-nucleoside NS5B inhibitors are less potent, have more 
genotype specificity, and a lower barrier to resistance. Dasabuvir is gen-
erally added to ombitasvir, paritaprevir, and ritonavir.



M A N AG E M E N T O F H C V I N FE C T I O N • 67

Treatment regimens for chronic HCV
The following sections summarize the antiviral treatment regimens for 
patients with HCV; however, the reader must be aware that there is a 
constant evolution in available antiviral therapies and that part of these 
recommendations may be outdated at the time of reading. Therefore, 
the reader is encouraged to consult the most current international [3,4] 
and national treatment guidelines and consult with local experts before 
selecting the appropriate therapy for the individual patient. 

Treatment regimens discussed here are broadly in agreement with 
guidelines from EASL and AASLD-IDSA [3,4]. Treatment guidelines for 
treatment-naïve patients with chronic HCV infection are summarized 
in Table 6.1, where key commonalities and differences between EU and 
US guidelines are highlighted [5,6,11,14,17–27].

Genotype 1
A number of options are currently available for the treatment of HCV geno-
type 1 infection. Peg-IFN-α-containing regimens include combinations 
of peg-IFN-α, ribavirin, and sofosbuvir [19] or peg-IFN-α, ribavirin, and 
simeprevir [11]. The combination of peg-IFN-α, ribavirin, and sofosbuvir 
for 12 weeks in treatment-naïve patients was shown to achieve high SVR 
rates in non-cirrhotic and cirrhotic patients alike (SVR 92% and 80%, 
respectively) in the NEUTRINO trial (NCT01641640) [19]. Although 
prospective Phase III data of SVR rates in patients who previously failed 
peg-IFN-α ribavirin therapy is lacking, real-world experience in a diverse, 
longitudinal observational cohort including 45% treatment-experienced 
patients has shown SVR4 rates of 90% and 70% in non-cirrhotic and 
cirrhotic patients, respectively [28]. The PI-based combination of peg-
IFN-α, ribavirin, and simeprevir was evaluated in the QUEST clinical trials 
(NCT01289782 and NCT01290679), with overall SVR rates of approxi-
mately 80% in treatment-naïve patients [11,12]. However, this combina-
tion requires total therapy duration of 24–48 weeks, is less effective than 
sofosbuvir-based regimens, not recommended in genotype 1a patients 
with the Q80K substitution polymorphism, and SVR rates of only 60% 
were achieved in patients with cirrhosis. Interestingly, although EASL 
guidelines maintain the recommendation for peg-IFN-α-based therapy 
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Patient 
group

HCV 
genotype

EASL guidelines AASLD-IDSA 
guidelines

Reference

Non-
cirrhotic 
patients

1 Ledipasvir + sofosbuvir for 
12 weeks

Yes [17]

Paritaprevir/ritonavir/ombitasvir 
+ dasabuvir (+ ribavirin if 

genotype 1a) for 12 weeks

Yes [18]

Sofosbuvir + peg-IFN-α + ribavirin 
for 12 weeks

No [19]

Simeprevir + peg-IFN-α + ribavirin 
for 12 weeks followed by peg-

IFN-α + ribavirin for 12 additional 
weeks

No [11]

Simeprevir + sofosbuvir for 
12 weeks

Yes [14]

Sofosbuvir + daclatasvir for 
12 weeks

Yes [20]

2 Sofosbuvir + ribavirin for 
12 weeks

Yes [19]

3 Sofosbuvir + peg-IFN-α + ribavirin 
for 12 weeks

Yes [21]

Sofosbuvir + ribavirin for 
24 weeks

Yes, alternative [22]

Sofosbuvir + daclatasvir for 
12 weeks

Yes [23]

4 Sofosbuvir + peg-IFN-α + ribavirin 
for 12 weeks

Yes, alternative [19]

Simeprevir + peg-IFN-α + ribavirin 
for 12 weeks followed by peg-

IFN-α + ribavirin for 12 additional 
weeks

No [24]

Ledipasvir + sofosbuvir for 
12 weeks

Yes [25]

Paritaprevir/ritonavir/ombitasvir 
+ ribavirin for 12 weeks

Yes [5]

Simeprevir + sofosbuvir for 
12 weeks

No [14]

Sofosbuvir + daclatasvir for 
12 weeks

No

Table 6.1 Hepatitis C virus treatment regimens recommended in treatment-naïve 
patients with genotypes 1–4, with comparison between EASL and AASLD-IDSA 
guidelines [5,6,11,14,17–27] (continued on next page). 



M A N AG E M E N T O F H C V I N FE C T I O N • 69

Patient 
group

HCV 
genotype

EASL guidelines AASLD-IDSA 
guidelines

Reference

Cirrhotic 
patients

1 Ledipasvir + sofosbuvir + 
ribavirin for 12 weeks

Ledipasvir + 
sofosbuvir for 

12 weeks

[17]

Paritaprevir/ritonavir/
ombitasvir + dasabuvir + 

ribavirin for 12 (genotype 1b) 
or 24 (genotype 1a) weeks

Yes [6]

Sofosbuvir + peg-IFN-α + 
ribavirin for 12 weeks

No [19]

Simeprevir + peg-IFN-α + 
ribavirin for 12 weeks followed 
by peg-IFN-α + ribavirin for 12 

additional weeks

No [11]

Simeprevir + sofosbuvir + 
ribavirin for 12 weeks

Genotype 1a: 
simeprevir 

+ sofosbuvir 
+/- ribavirin for 

24 weeks (no Q80K 
polymorphism)

Genotype 1b: 
simeprevir + 

sofosbuvir +/- 
ribavirin for 24 weeks

[14]

Sofosbuvir + daclatasvir + 
ribavirin for 12 weeks

Sofosbuvir + 
daclatasvir +/- 

ribavirin for 24 weeks

[20]

2 Sofosbuvir + ribavirin for 
16–20 weeks

Sofosbuvir + ribavirin 
for 16 weeks

[26]

Sofosbuvir + peg-IFN-α + 
ribavirin for 12 weeks

No [27]

Sofosbuvir + daclatasvir for 
12 weeks

Yes [20]

3 Sofosbuvir + peg-IFN-α + 
ribavirin for 12 weeks

Yes [27]

Sofosbuvir + ribavirin for 
24 weeks

Yes, alternative [22]

Sofosbuvir + daclatasvir for 
24 weeks

Yes [23]

Table 6.1 Hepatitis C virus treatment regimens recommended in treatment-naïve 
patients with genotypes 1–4, with comparison between EASL and AASLD-IDSA 
guidelines [5,6,11,14,17–27] (continued overleaf ). 
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in patients with HCV genotype 1, these therapies are not endorsed by 
the AASLD-IDSA guidelines.

A number of IFN-free options are available for patients with chronic 
HCV genotype 1. The combination of sofosbuvir and ledipasvir in a single 
tablet formulation administered once daily for 12 weeks is recommended 
for non-cirrhotic treatment-naïve or treatment-experienced patients, based 
on SVR rates uniformly above 90% [17,29,30]. In a Phase III, randomized, 
open-label study by Afdhal et al [30], 440 patients with previous failure 
to peg-IFN-α-based therapy (including 50–60% previously treated with 
PI regimens, 45% non-responders, and 20% with cirrhosis) achieved SVR 
rates of 94% (95% confidence interval [CI] 87–97) after 12 weeks of sofos-
buvir and ledipasvir therapy. There was no discontinuation of therapy 
due to side effects [30]. In patients who received 12 weeks of sofosbuvir, 
ledipasvir, and ribavirin combination therapy, including patients with cir-
rhosis, SVR rates were also uniformly high (96% [95% CI 91–99]). EASL 
guidelines recommend addition of ribavirin to ledipasvir and sofosbuvir 

Patient 
group

HCV 
genotype

EASL guidelines AASLD-IDSA 
guidelines

Reference

4 Sofosbuvir + peg-IFN-α + ribavirin 
for 12 weeks

Yes, alternative [19]

Simeprevir + peg-IFN-α + 
ribavirin for 12 weeks followed 

by peg-IFN-α + ribavirin for 
12 additional weeks

No [24]

Ledipasvir + sofosbuvir + ribavirin 
for 12 weeks

Yes [25]

Paritaprevir/ritonavir/ombitasvir 
+ ribavirin for 24 weeks

Paritaprevir/
ritonavir/

ombitasvir + 
ribavirin for 

12 weeks

[5]

Simeprevir + sofosbuvir + 
ribavirin for 12 weeks

No [14]

Sofosbuvir + daclatasvir + 
ribavirin for 12 weeks

No [20]

Table 6.1 Hepatitis C virus treatment regimens recommended in treatment-naïve 
patients with genotypes 1–4, with comparison between EASL and AASLD-IDSA 
guidelines [5,6,11,14,17–27] (continued). ‘Yes’ denotes that the regimen is recommended, ‘Yes, 
alternative’ denotes that it is recommended but as a second-line therapy, ‘No’ denotes that it is not 
recommended. Peg-IFN-α, pegylated interferon-alpha.
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in patients with cirrhosis [3] whilst AASLD-IDSA guidelines do not rec-
ommend the addition of ribavirin [4]. Importantly, the safety profile of 
this combination is very favorable, with the most common reported side 
effects being fatigue, nausea, and headache [30]. Drug interactions are 
limited to interactions with P-gp inducers, but the combination may be 
co-administered with all HIV antiretroviral drugs, although, systematic 
screening should be carried out for potential interactions. 

The combination of ombitasvir and paritaprevir boosted with ritonavir 
and dasabuvir is another IFN-free combination that is effective in patients 
with HCV genotype 1 infection. Due to differing efficacy in patients with 
HCV subtype 1a and 1b, it is recommended to treat subtype 1b non-
cirrhotic patients for 12 weeks and subtype 1a non-cirrhotic patients for 
12 weeks with the addition of ribavirin [3,4,18]. Treatment-experienced 
non-cirrhotic patients previously treated with peg-IFN-α and ribavirin 
regimens achieved SVR12 rates of 95–100% [31,32]. Cirrhotic patients with 
subtype 1b may be treated with this regimen and ribavirin for 12 weeks, 
but patients with subtype 1a require 24 weeks (SVR12 rates of 99% and 
92%, respectively) [3,4,6]. Importantly, in October 2015, the FDA issued a 
warning regarding the combination of paritaprevir, ritonavir, ombitasvir, 
and dasabuvir in patients with cirrhosis due to a potential risk of serious 
liver injury and hepatic decompensation [33]. This recommendation was 
based on an ongoing adverse events review by the FDA.

Other recommended regimens for patients with genotype 1 include 
a combination of sofosbuvir and simeprevir for 12 weeks (with the 
addition of ribavirin in patients with cirrhosis) [14] and sofosbuvir and 
daclatasvir for 12 weeks (with the addition of ribavirin in patients with 
cirrhosis). These regimens both demonstrated uniformly high SVR rates 
in patients with genotype 1:
•	 Sofosbuvir and simeprevir — patients with METAVIR scores F0–F2 

(cohort 1) achieved SVR12 of 92% and patients with METAVIR 
scores F3–F4 (cohort 2) achieved SVR12 of 94%.

•	 Daclatasvir and sofosbuvir — patients with subtype 1a achieved 
SVR12 of 98%, patients with subtype 1b achieved SVR12 of 100%, 
patients with IL28B CC genotype achieved SVR12 of 93%, and 
patients with non-CC IL28B genotype achieved SVR12 of 98% [20].
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Genotypes 2 and 3
The best option for patients with HCV genotype 2, based on clinical 
trials, is a combination of sofosbuvir and ribavirin for 12 weeks (or pro-
longed to 16–20 weeks in patients with cirrhosis). Overall, SVR rates 
in treatment-naïve non-cirrhotic patients are expected to be greater 
than 95%, although decline to 88% in treatment-experienced cirrhotic 
patients treated for only 12 weeks [22]; justifying prolonged therapy in 
this population [4]. This therapy is generally well tolerated with few side 
effects. Alternative treatment for patients with cirrhosis and/or treatment-
experienced patients infected with HCV genotype 2 includes peg-IFN-α, 
ribavirin, and sofosbuvir or sofosbuvir and daclatasvir.

Genotype 3 has emerged as one of the difficult-to-treat HCV geno-
types in the DAA era [34]. This patient population may be treated with 
peg-IFN-α, ribavirin, and sofosbuvir for 12 weeks; high SVR rates have 
been achieved (90–92%), including in treatment-experienced patients 
and those with cirrhosis, despite a low number of patients being included 
in studies [21,27]. Alternatively, patients with HCV genotype 3 can be 
treated with sofosbuvir and daclatasvir for 12 weeks (patients without 
cirrhosis) or sofosbuvir, daclatasvir, and ribavirin for 24 weeks (patients 
with cirrhosis) [23].

Genotypes 4, 5, and 6
Genotypes 4, 5, and 6 are less commonly seen, except in certain specific 
geographic settings (such as the high prevalence of genotype 4 in Egypt). 
Treatment regimens for genotype 4 are similar to genotype 1, although 
they generally have been validated in smaller studies [5,14,19,24,25]. For 
more details please refer to the EASL and AASLD-IDSA guidelines [3,4]. 
Similarly, genotypes 5 and 6 are less often encountered, at least in Western 
countries. Recommended regimens include peg-IFN-α, ribavirin, and 
sofosbuvir for 12 weeks, although the efficacy of this regimen remains 
unclear in treatment-experienced patients and patients with cirrhosis [19]. 
Alternatively, the combination of ledipasvir and sofosbuvir for 12 weeks 
in patients without cirrhosis or ledipasvir, sofosbuvir, and ribavirin for 
12 weeks in patients with cirrhosis is recommended; however, data are 
mostly based on trials in patients with HCV genotype 1 [3,4].
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Emerging therapies
A number of newer all-oral, IFN-free regimens may be approved through 
2016, some of which are discussed in the following sections.

Velpatasvir and sofosbuvir
The combination of velpatasvir, a second-generation NS5A inhibitor with 
pan-genotypic activity, and sofosbuvir resulted in high SVR rates of over 
90% in patients with genotypes 1, 2, 3, 4, 5, and 6, including patients 
with previous treatment failure and cirrhosis [35,36]. Even among 
patients with genotype 3 and cirrhosis who had failed previous therapy, 
a difficult-to-treat group [31], the SVR rate was 89% compared to 58% 
in the control sofosbuvir plus ribavirin arm [35]. This combination is 
also relatively effective in patients with decompensated cirrhosis [37]:
•	 patients treated with sofosbuvir and velpatasvir for 12 weeks 

achieved SVR of 83%;
•	 patients treated with sofosbuvir plus velpatasvir and ribavirin for 

12 weeks achieved SVR of 94%; and
•	 patients treated with sofosbuvir and velpatasvir for 24 weeks 

achieved SVR 86%.
The side effect profile is also generally favorable with discontinuation 
rates due to adverse events of less than 1%, [35,36] although, as expected, 
this rate was slightly higher in patients with decompensated cirrhosis 
(approximately 3%) [37].

Grazoprevir and elbasvir
A combination of grazoprevir, a second-generation NS3/4A PI, and 
elbasvir, a NS5A inhibitor, has been found to be promising in difficult-
to-treat patients. This combination is a once-daily, single-tablet, IFN-
free therapy that has been shown to be highly effective in genotype 1 
patients with cirrhosis and previous null responders, with SVR12 rates 
of greater than 90% [38]. Additionally, the combination of grazoprevir 
and elbasvir demonstrated an SVR rate of 99% in genotype 1 patients 
with stage 4–5 chronic kidney disease, a traditionally difficult-to-treat 
patient population [39]. 
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Management of acute HCV infection
The rate of chronicity after acute HCV infection remains unclear, but is 
expected to be 50–90% and is higher in asymptomatic patients, males, 
older patients, and patients with certain genetic polymorphisms, espe-
cially near the interferon-lambda3 gene (IFNL3) [40]. Patients with acute 
HCV infection should be considered for therapy to avoid progression 
to chronic HCV infection, although, the ideal timeframe for initiation 
of treatment has not yet been determined. Historically, high SVR rates 
of greater than 90% were reported with peg-IFN-α monotherapy and 
EASL guidelines recommend peg-IFN-α monotherapy for 12 weeks (or 
peg-IFN-α and ribavirin for 24 weeks in patients co-infected with HIV, 
due to lower SVR rates) [3,41–43]. Despite acknowledging the lack of 
data, both EASL and AASLD-IDSA also recommend using the relevant 
DAA-based regimens for chronic HCV infection in patients with acute 
HCV infection, although further trials are needed to confirm the high 
SVR rates in this patient population. With the goal to avoid unnecessary 
treatment in cases of spontaneous HCV viral clearance, the clinician may 
consider waiting 12–24 weeks after exposure to confirm persistent viral 
titers before initiating antiviral therapy; however, the level of evidence for 
this strategy remains low [3,4,41–43]. There is no place for post-exposure 
prophylaxis with antiviral therapy in the absence of documented HCV 
transmission, even if the route and time of exposure are known.

Management of HIV/HCV co-infection
The management of patients with HIV/HCV co-infection is similar to 
that of patients with HCV monoinfection, although, a few specific points 
must be raised. As discussed, indication for therapy is not dependent 
on fibrosis stage and all patients should be assessed for therapy with 
a high priority due to higher rates of disease progression. In addition, 
numerous complex drug interactions between DAAs and antiretroviral 
drugs are possible and physicians experienced in the care of both dis-
eases should be consulted before initiation of therapy. In general, drug 
interactions should be systematically reviewed (for example on www.
hep-druginteractions.org) and IFN-free regimens should be favored 
due to their ease of use and improved tolerability. As of writing, no 
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drug interactions have been reported between sofosbuvir and antiret-
roviral drugs.

Management of HCV in other patient groups
The treatment of HCV infection in other patient populations, such as 
patients with severe liver disease, patients awaiting liver transplantation, 
and patients with HCV recurrence after liver transplantation, remains 
complex due to potential drug interactions, the lack of data available, 
and the overall frailty of these patients. In general, these patients should 
be managed by experienced physicians in centers attached to a liver 
transplantation unit.

Conclusion
The landscape of antiviral therapy has dramatically evolved over the past 
years and high SVR rates for most patient groups have been achieved, 
with reduced side effects. Thus, global eradication of HCV may be achiev-
able within the next few decades; however, this aim may be hampered 
by the high cost of new drugs that currently limits their use to only those 
in the highest resource settings. Unfortunately, the high cost of novel 
therapies will lead to a continued use of suboptimal and more dangerous 
treatment regimens in developing countries. Therefore, there exists a 
shift in the field from focusing on medical and technical aspects of HCV 
eradication to societal and global barriers to eradication, which will be 
discussed in Chapter 7.

Key points

•	 All patients with evidence of virological presence of HCV 
(ie, detectable blood HCV levels) should be assessed for possible 
antiviral therapy.

•	 The highest priority for therapy is assigned to patients with HCV 
at highest risk of developing complications, including patients 
with METAVIR stage F3 fibrosis or cirrhosis, liver transplant 
recipients, and patients with severe extrahepatic manifestations.
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Chapter 7

Future challenges

The recent development of very efficient antiviral drugs (Chapter 6) 
that can potentially cure virtually all treated patients, without clinically 
significant side effects, has opened new perspectives for the global 
management of hepatitis C. The eradication of hepatitis C virus (HCV) 
infection from entire swathes of land, if not worldwide, has been evocated, 
and the ongoing national treatment program put in place in Georgia — 
if proven successful — may provide the proof of concept regarding the 
feasibility of this strategy [1]. However, if many barriers to universal 
treatment access have disappeared (eg, treatment-emerging adverse 
events and the fear of them that prevented many patients and care 
providers from administering IFN-α-containing regimens until recently) 
new compelling challenges have emerged that will be briefly discussed 
in this conclusive chapter.

The first concept that has been emphasized in recent modelizations 
is the fact that the current treatment uptake is, in most countries, insuf-
ficient to significantly impact future morbidity and mortality related to 
HCV, even after factoring in the higher efficacy of direct acting antiviral 
(DAA)-based regimens [2]. Thus, in order to reduce the mortality by 
90% by 2030, ie, when the peak of the HCV-related health burden is 
expected to be reached in most developed countries [3], the treatment 
uptake should be multiplied by a factor of ~4 in many countries. This 
issue alone poses two problems: 
1.	 setting up and following antiviral treatment in so many patients 

would require the participation of general practitioners to national 
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campaigns, and even though current treatments are simpler 
educational programs would be crucial; and

2.	 more importantly, treating more patients depends on increased 
diagnosis rates. 

Historically, risk-based screening strategies have proven unsuccessful [4], 
and in most countries the proportion of undiagnosed, infected persons 
remains high (on average ~50%). For this reason, alternative approaches 
have been proposed in recent years, such as the birth cohort screening 
strategy. In the US, persons born between 1945 and 1964 (the so-called 
‘baby boomers’) account for 27% of the general population but as many 
as 76.5% of all HCV infected persons [5]. Thus, it has been estimated that 
testing (and successfully treating) all infected ‘baby boomers’ for HCV, 
irrespective of risk factors would avoid 47,189 more cases of hepatocellular 
carcinoma (HCC), 15,484 more liver transplants, and 120,879 deaths than 
a conventional risk-based screening strategy [5]. Whether this strategy 
will be successful remains to be proven, but it is clear that unless more 
patients are identified who can be treated, the benefit of a widespread 
implementation of DAA-based therapy will be lower than expected.

Treating more patients will involve serious logistic issues, but the 
most important challenge posed by new DAAs is the market price. When 
sofosbuvir was first licensed in the US, a full 12-week course cost in 
excess of 80,000 USD, and more recent antivirals are just as expensive. 
Universal treatment with DAA would involve prohibitive costs even for 
resource-rich countries, and new pricing models that reconcile fair and 
equitable access to effective drugs, with profitability for the drug makers, 
are urgently needed. Regulatory authorities have reacted to high prices 
with severe restrictions on drug use, eg, by limiting the access of DAAs 
to patients with advanced fibrosis, clinically significant extrahepatic 
manifestations, or in the setting of liver transplantation. These limita-
tions are difficult to accept from the ethical standpoint. Treatment may 
reasonably be indicated also in situations other than those characterized 
by a severe liver disease, including patients at high risk of transmission 
(eg, intravenous drug users or HIV-infected men who have sex with 
men), fertile women planning a pregnancy, or patients with invalidat-
ing fatigue (that severely affects daily life and/or social interactions). 
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The advent of shorter duration regimens may also help in this respect, 
especially for patients with mild disease [6].

Additional issues that require further research concern the manage-
ment of resistance-associated variants (RAVs), especially those affording 
resistance to NS5A inhibitors (eg, Q30R and Y93H), and the need for 
a vaccine. Eradication via universal immunization would theoretically 
be possible, given the fact that there are no animal reservoirs of HCV. 
However, developing a cross-reactive immunity to HCV has proven an 
enormous challenge. Recent approaches based on T cell immunity tar-
geting conserved viral epitopes seem promising and may circumvent the 
technical shortcomings encountered until now [7,8]. 

Finally, what can still be expected from translational research in the 
field of HCV pathobiology? The study of the HCV–host interactions has 
provided a wealth of information that may be useful to improve not only 
our knowledge of liver cell biology, but also of the mechanisms of diseases 
other than hepatitis C. To give a simple example, the recent findings 
that HCV causes insulin resistance via endocrine mechanisms, ie, based 
on a hitherto unsuspected liver-muscle crosstalk [9,10], has provided a 
stimulating model that may help with understanding the pathogenesis 
of type 2 diabetes. Unravelling other mechanisms of disease, such as 
liver fibrogenesis and oncogenesis, may still depend on experimental 
models exploiting HCV. For this reason, it is important that HCV research 
remains alive, even at a time when we may see the end of the global 
pandemic of hepatitis C.

Key points

•	 Many of the traditional barriers to treatment have disappeared 
(eg, adverse side effects to antiviral drugs), but new barriers 
have emerged.

•	 The advent of highly efficacious DAAs has revolutionized 
treatment (allowing shorter regimens and significantly reducing 
the burden of adverse events); however, uptake of treatment 
is still insufficient to impact on the morbidity and mortality of 
hepatitis C virus. 
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•	 Economic and societal issues are being faced due to the high 
market prices of new therapies, leaving even resource-rich 
countries unable to provide treatment for every person with 
hepatitis C infection.

•	 To support increased uptake of treatment, national campaigns 
must be enforced and diagnosis rates must increase.

•	 The emergence of resistance must be managed, which is a 
particular problem with NS5A inhibitors.

•	 Development of vaccines could potentially lead to eradication 
of disease, but development of cross-reactive immunity is an 
enormous challenge.
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