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ABSTRACT

Hepatitis C virus infection kinetics extrapolate complex crosstalk between viral proteins
and host cell interactions by involving a plethora of genes and cell signaling to escape
host immune responses and subsequently exacerbate the infection course. The approvals
and the availability of oral, highly efficacious, and pan-genotypic direct-acting antivirals
to treat chronic hepatitis C infection have raised the hopes of achieving the World
Health Organization's ambitious goal of hepatitis C elimination by 2030. Several pitfalls
exist in the current continuum of HCV care and certain gaps need to be filled for the
successful implementation of HCV treatment and elimination strategies in highly
endemic and vulnerable populations in many parts of the world in particular low to
middle-income countries. This review aims to explore to what extent and to what
capacity HCV kinetics, treatment-induced resistance associated substitutions (RASS),
and crosscutting barriers of HCV genetic variabilities will impede the efforts and
progress toward its elimination.

INTRODUCTION

Worldwide 58 million people are living with the
hepatitis C virus (HCV) and Asia, Sub-Saharan Africa
(SSA), and South and Central America are home to 31,
10, and 3.5 million people infected with HCV
respectively™®>.  The infection and  associated
comorbidities (e.g., hepatic fibrosis, cirrhosis, and
hepatocellular carcinoma) are still major health
problems and significantly impact healthcare resources
and services in highly prevalent countries®. The
incidences of new infections are also escalating despite
the advancement in HCV screening, diagnostic
algorithms, and the availability of highly efficacious,
well-tolerable, and relatively safe therapeutic regimens®.
The global hepatitis C report estimates 1.75 million new
infections in 2015 and a half million deaths in 2017
which indicates a global incidence of HCV infection of
23.7 per 100,000 individuals®>.

Hepatitis C virus-host cell interactions are always
phenomenal to our understanding of the molecular
pathogenesis of virus infection and its progression to
chronic hepatitis C (CHC) and further insidious
extrahepatic clinical manifestations*. Certain aspects of
hepatitis C viral kinetics have been explored but even
more remains to elucidate in terms of viral quasispecies,
genome heterogeneity, and its pivotal role in treatment
failure®. The use of highly efficacious direct-acting
antivirals (DAAs) to treat chronic hepatitis C (CHC)

infection and associated comorbidities is promising in
real-world clinical settings; however, the emergence of
treatment-induced RASs against certain HCV genotypes
(GTs) is increasing and compromising the cure in
patients with associated comorbidities (e.g., HCV
patients with decompensated cirrhosis, HCV/HBV or
HCV/HIV co-infections, HCV patients with chronic
kidney failure, etc.)®. Furthermore, the high price tags,
availability, and accessibility of these regimens in some
parts of the world also represent inequity for treatment
to all infected with HCV*. HCV cascade of care is also
complicated and not in reach to highly vulnerable and
out-of-reach HCV-affected populations. The availability
of rapid-diagnostic tests (RDTs) and point-of-care
(POC) testing for HCV screening and diagnosis for
further management is also scarce in low to middle-
income countries and even not fully implemented in
resource-replete nations®. All these factors reflect some
cross-cutting barriers to surmount while achieving the
WHO HCV elimination goal by 2030 both at micro and
macro-elimination levels®.

This timely review intends to highlight how the
HCYV infection kinetics play a role in the propagation of
acute infection to chronic disease and irreversible
hepatic ~ comorbidities  (decompensated  cirrhosis,
hepatocellular carcinoma) as well as how the genetic
variabilities of the HCV genome evolve various viral
GTs/subtypes and exhibition of viral quasispecies
behavior. The review also highlights how the emergence
of treatment-induced RASs affects the overall cure rates
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of HCV infection worldwide and lastly how HCV
genome heterogeneity is obstructing to achievement of
the global goal of HCV elimination by 2030.

HCV Infection Kinetics are quite cumbersome and
persist long

HCV mainly replicates in the human hepatocytes;
however, some studies also depict HCV lymphotropic
as an essential phenomenon for infection progression by
evading human immune system responses®. HCV acute
infection serology varies from one person to another but
viral genome (single-strand positive sense RNA
genome) detection in the plasma/serum of a patient
confirms HCV infection®. The early clinical
manifestations of acute hepatitis C infection represent
elevated ALT (alanine transaminase and AST (aspartate
transaminase)) levels, fever, and jaundice®. Several
studies also unveil that HCV RNA may persist for
several years even if the acute infection is naturally
resolved in an infected person®. Usually, the symptoms
of acute infection appear one to three months after
exposure to HCV and last two weeks to three months. If
the acute HCV infection persists without any natural
resolution or is not managed clinically, it progresses
toward chronic hepatitis C (CHC) in 80% of acutely
affected individuals®. The clinical manifestations of
CHC propagate slowly and are characterized by
persistent hepatic inflammation and necrosis’. HCV
RNA in the sera of CHC-infected patients persists and is
continuously detected throughout the infection. HCV-
neutralizing antibodies (HCV-nAbs) remain positive for
years; however, some studies report a spontaneous
decline in HCV-nAbs levels during CHC infection or
after treatment’. Liver biochemistry abnormalities in
particular fluctuations in serum AST and ALT levels are
the hallmark of CHC infection and correlate to CHC
progression into hepatic inflammation and necrosis.
Hepatic inflammation further progresses toward liver
fibrosis and cirrhosis in 10-20% of CHC patients within
20-30 years’. During this period, HCV RNA replication
(also known as viral load/titer) and translation (viral
polyprotein  processing) increase many times in
advanced hepatic manifestations (e.g., hepatic fibrosis
and cirrhosis), and infection progression becomes
unpredictable. Hepatic cirrhosis (compensated at that
time) remains slothful for some CHC patients; however,
by in large converts to an irreversible form
(decompensated state) in 2-3% of CHC-affected
individuals which further leads to hepatic carcinoma
(known as hepatocellular carcinoma (HCC)) and
ultimately death®’.

The existing clinical data and experimental evidence
suggest very high replication kinetics (10" virions/day)
and an estimated 10 to 10™ mutations/nucleotide per
replication cycle of HCV3®. The very rapid replication
rate and error-prone nature of the HCV replication
enzyme (RdRp; RNA-dependent RNA polymerase) are
considered the pivotal factors for HCV genetic
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variabilities responsible for the evolution of many HCV
genotypes, numerous subtypes, and viral quasispecies
dynamics®. An acute HCV-infected person may
comprise 10°-10" virions at any point of the infection
status. However, CHC-infected individuals may
experience very high levels of virus load (i.e. 10°- 10’
virions/mL) 8. It means that viral RNA in an HCV-
infected individual with mutation rates of 10 to 10°
*/replication cycle may accumulate around 0.3-1.2
nucleotide substitution in a single infected hepatocyte®.
Genome diversity: A pretty mind-boggling aspect of
HCV Molecular Virology

The molecular epidemiology and evolutionary
dynamic studies of the HCV genome reveal that
selective survival pressure, recombination, and genetic
drift/shift generate two classes of HCV genome
diversities®'®. The one is often termed an “HCV
quasispecies” demonstrating the intra-host variability of
viral genome within an infected individual, whereas the
second one deciphers the global prevalence of HCV
GTs and multiple subtypes**2. From the evolutionary
point of view, HCV quasispecies refers to the self-
organization and adaptability of primitive HCV
replicons as a fundamental step for survival in a certain
favorable or disadvantaged environment’. HCV
quasispecies dynamics are estimated to be over 13%;
although largely believed not to be uniformly
distributed through the genomes of all known HCV
quasispecies™>'*!>. HCV progeny like other rapidly
evolving RNA viruses is diverse and unique relative to
its progenitors due to the highly error-prone nature of
RdRp™. The intra-host variability of the HCV genome
significantly impacts virus tissue tropism, viral
transmission, virus prevalence, viral pathogenesis, and
host immune system evasion strategies™. Indeed, intra-
host variations demonstrate both viral gene function
modalities and evolutionary rates between different
genes of the HCV genome. For example; HCV genome
encoding envelope glycoproteins (E1 and E2) express
higher genome diversities because they remain under
the continuous and intense selection pressures of both
humoral and adaptive immune responses of the infected
individuals™*. In contrast, HCV non-structural proteins
(e.g., NS5B) reflect lower gene diversities because the
selection pressures are predominantly cellular®®. Higher
intra-host HCV genome diversities have been
documented for injection drug users (IDUs) because of
the higher risks of reinfection and the chances of mixed
co-infections (e.g., HCV/HIV), and among the founder
patients of HCV viral variants''?. However, it is
interesting to mention that intra-host evolutionary
dynamics of HCV behave in a clock-like fashion among
vulnerable HCV populations (IDUs, sex workers, and
HCV/HIV co-infections)®*. It could be a reason that
current oral interferon (IFN) free DAAs do not offer
long-term immunity against IDUs instead of providing
higher efficacies while achieving sustained virologic
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response (SVR) rates®™. Multiple studies reveal the

occurrence of reinfection incidences in IDUs even after
achieving higher SVR rates with IFN-free DAAs”'%2%3,
It reflects that despite high cure rates with DAAS,
protective immunity is limited or does not exist at all
with these regimens. Hence, an effective protective
vaccine would be an asset to prevent HCV transmission
and its complete elimination while taking into account
these genetic differences in the HCV genome®°. On the
other hand, HCV genetic diversity both at inter- and
intra- host levels may continue to evolve new viral
lineages which may increase the viral infectivity as well
as the high genetic barrier of resistance to current
DAAs™'? However, the measurements of HCV
genome diversities and the resulting metrics are very
helpful in choosing the individual treatment levels and
regimen choices for vulnerable HCV populations™®*.
Similarly, measures of HCV genome diversities may be
helpful to predict an accurate duration of infection and
subsequently epidemiological-derived estimates of viral
incidence and in turn to establish guidelines for
virological surveillance, care, and treatment policies***°.
Unfortunately, little is  known about HCV
immunopathology which involves a plethora of genes
and cell signaling to orchestrate these HCV-host
interactions®™®. An ample understanding of intricate
crosstalk between HCV and host immune responses will
be integral to designing and developing optimal
prophylactic  or  protective anti-HCV  vaccine
strategies™. Furthermore, the lessons learned recently
while combating the lethal variants of the coronavirus
disease-19  (COVID-19) pandemic  worldwide
demonstrate that the development and deployment of an
effective prophylactic or protective HCV vaccine would
be an asset to vanquishing hepatitis C by 2030°.

On the other hand, the exhibition of extensive inter-
host HCV genome diversities classifies the virus into
eight GTs and more than 100 subtypes worldwide®**.
Some HCV subtypes represent genetically conserved
epidemic lineages and are worldwide distributed; while
some others are more localized but highly diverse
endemic lineages®. HCV GTs differ 30-35% from each
other based on their nucleotide sequences and HCV
subtypes (sometimes also called “sub-genotypes) depict
10% differences in their nucleotide sequences from each
other®. Interestingly, the global distribution of HCV
GTs is highly heterogeneous and this high genetic
variability provides the basis for the evolutionary
origins of HCV subtypes®. Similarly, the variable
distribution of HCV subtypes in the world may be
categorized into epidemic and endemic subtypes®'.
HCV epidemic subtypes are genetically conserved
lineages (sequences) and are worldwide distributed,;
while HCV endemic subtypes are more localized in
Africa and Asia but represent highly diverse lineages™.
For example; 10 HCV epidemic lineages are well
studied in clinical trials of DAAs, however; some highly

prevalent endemic lineages were poorly characterized in
terms of clinical perspective and paradoxically not well
sampled for investigating the computational genomic
data***°. By in large, the clinical trials of the most
currently approved anti-HCV DAAs were conducted in
resource-rich nations (e.g., China, Europe, USA) where
HCV epidemic lineages (e.g., HCV subtypes 1a, 1b, 2a,
3a, 4a) are the highly prevalent, and where DAAS’
efficacies trials are well studied and well documented®.
Ultimately, the DAA regimens found highly effective
against these HCV subtypes were named “pan-
genotypic DAAs” and guidelines were prepared to
simplify the treatment paradigms and propose no HCV
genotyping is required at the individual level****. On the
other hand, some HCV endemic lineages more confined
to Africa and Asia (e.g., 1l, 4r, 3b) have recently been
found to resist DAAs treatment in particular against
first-generation NS5A inhibitors (e.g., daclatasvir and
ledipasvir)***.

The epidemiological, as well as genome sequence
studies of endemic lineages, are highly advocated to
design optimal regional HCV treatment strategies and to
facilitate WHO 2030 viral hepatitis elimination
program®***, Surprisingly; the high genetic variability
of endemic HCV strains provides evidence of the
current HCV evolution in areas where they are
identified**™. Similarly, the higher genetic variability
increases the genetic barrier of viral resistance against
pan-genotypic DAAs'*  Although; many endemic
HCV subtypes respond well to DAA regimens, some
like 11, 3b, and 4r are reported not to respond
significantly®®. Similarly, some HCV GTs are rare in
resource-replete nations but are highly prevalent in
LMICs and were not fully accessed in clinical trials of
pan-genotypic DAAs investigated against HCV
infection treatment™®*,

HCV Genetic diversity and infection Kkinetics
correlate with each other

A direct correlation has been reported between HCV
GTs/subtypes and infection kinetics in certain
vulnerable HCV populations including the I1DUs,
hemopbhiliacs, men who have sex with men (MSM), and
emigrants™. A good example is the identification of
HCV GT-4 isolates in IDUs from Southern Europe;
however, the progenitor strains of this genotype
predominantly exist in Egypt and Central Africa'*.
Unlike other RNA viruses, the natural phenomenon of
recombination either at the intra- or inter-genotypic
level is very rarely seen during HCV RNA replication
and infection progression’®. The only significant
recombinant strain (i.e. RF_2k/1b intergenotypic
recombinant) was reported in St. Petersburg, Russia
which spread further to become important from an
epidemiological and evolutionary point of view'®. The
earlier data suggested that this unique HCV chimera
may had a very low prevalence and was not significant
in HCV evolution'®. However, it was underestimated
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because, in Georgia, 20% of all identified HCV
subtypes were HCV RF_2k/lb from HCV GT-2
specimens which comprised 72% of the total evaluated
samples'”*. The intra- and inter-genotypic variabilities
of HCV strains impact the clinical outcomes of IFN-free
DAAs to a certain extent. However, pre-treatment HCV
GTs and subtype identification are not recommended
for the administration of pan-genotypic DAA regimens
according to the recent HCV treatment guidelines™™*®.
Overall cure rates of currently available pan-
genotypic DAA regimens are excellent among all HCV
GTs/subtypes; Therefore, pretreatment differentiation of
HCV-infected patients based on GTs/subtypes or RF
may not be prudent*'*?, Nevertheless, in countries
where pan-genotypic DAAs are not easily accessible
and affordable, the identification of HCV GTs/subtypes
could be more fruitful in deciding the most effective
treatment choices from available first and second-
generation DAAs rather than pan-genotypic DAAs™*,
The clinical studies provide the cure rates data of HCV-
infected patients with RF_2k/1b within the limited
spectrum of DAAsY. Interestingly, the available data
indicate that the achieved SVR rates for RF_2k/1b
infected individuals were more similar to HCV GT-1
patients than GT-2'°. Initially, in Georgia when
sofosbuvir was available as a sole treatment for HCV in
2015, RF_2k/1b infected patients (undifferentiated from
HCV GT-2 at pretreatment) achieved less SVR rates
(i.e., 79%) with standard treatment of SOF plus RBV
(recommended for HCV GT-2 infected patients) used in
combination for 12, 16, or 20 weeks®®. However, when
treatment was administered with standard HCV GT-1
regimens (i.e.,, SOF+RBV+PEG-IFN (pegylated
interferon)) in RF_2k/1b patients differentiated from
HCV GT-2, overall SVR rates were increased up to
92%. Furthermore, upon genotyping and sequence
analyses, it was found that 17 out of 20 treatment failure
patients were RF_2k/1b as those were initially thought
to be HCV GT-2 infected’®. After the introduction of the
sofosbuvir (SOF)/ledipasvir (LDV) combination and
further pan-genotypic DAAs (e.q.,
sofosbuvir/velpatasvir) in Georgia, the clinical data
showed that both treatments were extremely effective
against RF_2k/1b infected patients™. It indicates that
the identification of “HCV RF” though less prevalent
worldwide could be fruitful in choosing the cost-
effective treatment in areas where pan-genotypic DAAS
are not easily accessible and affordable’”'®*. In
addition, the surveillance of “HCV RF” in highly
prevalent areas may also help to design regional
effective treatment strategies, improve treatment
responses, and optimize treatment outcomes in the
context of worldwide HCV elimination by 2030°°,
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Treatment-Emergent RASs: A potential caveat to
treat all infected with HCV

Nucleotide substitutions or polymorphisms occur
very randomly during HCV genome replication and
most of them impair the virus genome fitness (i.e., the
capability of a virus to how well it replicates)*?. Virus
variant clones with RASs possess a fitness advantage in
the presence of a DAA regimen; however, most of them
are outcompeted by wild-type or prototype HCV clones
in the absence of DAAs™. This virus fitness with
specific RAS probably determines that either the RAS
will persist after successful DAA therapy or will exist at
baseline in treatment-naive HCV-infected individuals®.
The existence of baseline HCV genome polymorphism,
pre-existing HCV RASs, and treatment-emergent RASs
with DAAs are the main clinical diagnostic
considerations for HCV care providers while choosing,
deciding, and initiating IFN-free DAA therapy either in
treatment naive, treatment-experienced, or treatment
failure HCV patients®.

Several studies reveal reduced clinical efficacy of
DAAs against HCV epidemic subtypes because of
polymorphisms within the NS5A gene and it also seems
true for the cases infected with endemic HCV
strains™>?. It was reported against first-generation
NS5A inhibitors (e.g., daclatasvir & ledipasvir);
however, SVR rates were also recorded less with
second-generation NS5A inhibitors (e.0.,
Pibrentasvir)**®#. Similarly, RASs associated with
NS3/4A inhibitors have also been well documented in
endemic HCV strains (Table 1); however, not been fully
elucidated in clinical trials. Polymorphism in the HCV
RdRp enzyme gene (NS5B) is relatively less common
and only S282T polymorphism is well studied to be
correlated with reduced clinical efficacy of sofosbuvir
(SOF) in epidemic HCV lineages®**?*. Furthermore,
S282T substitution was occasionally detected in HCV
subtypes 4r and 6l in vitro studies; however, its in vivo
clinical impact is still elusive?®?. It is also noteworthy
here that RASs alone may not be responsible for
treatment failure in HCV epidemic lineages in the
absence of other clinical characteristics of the
patients>**. Hepatic cirrhosis and a history of previous
treatment failure are also pivotal to correlate with DAA
resistance”. Interestingly, it remains to clinically
determine whether these risk factors also contribute to
DAA treatment failure with endemic HCV lineages®. It
is not possible to discuss here in detail the RAS's impact
on different DAAs used in real-world clinical settings to
treat HCV patients; however, the table below enlists the
common RASs with reduced sensitivity to DAAs
according to HCV GTs/subtypes.

Egyptian Journal of Medical Microbiology

ejmm.journals.ekb.eg info.ejmm22@gmail.com



Momenah / Barriers to Hepatitis C Virus Elimination, Volume 34 / No. 2 / April 2025 133-142

Table 1: Treatment-emergent RASs against all oral IFN-free and pan-genotypic DAAS

Velpatasvir, Pibrentasvir

a. RASs associated with NS3/4A protease inhibitors (PIs) acting on the NS3 protein of HCV
RASs NS3/4A Pls HCV Genotype/subtypes
V36M/A/G/L?® Paritaprevir, Asunaprevir, Simeprevir, HCV GT-1 (1a/1b)
Grazoprevir, Vaniprevir, Glecaprevir HCV GT-6
Voxilaprevir
Q41R/K*® Simeprevir, Vaniprevir HCV GT-1 (1a/1b)
Voxilaprevir HCV GT-3
HCV GT-4
HCV GT-6
V55A% Paritaprevir, Asunaprevir HCV GT-1 (1a/1b)
Y56H/F/L® Asunaprevir, Paritaprevir, HCV GT-1 (1a/1b)
Grazoprevir, Glecaprevir, HCV GT-3
Voxilaprevir, Sovaprevir HCV GT-4
HCV GT-6
Q80K/L/RIG/H?" Simeprevir, Asunaprevir, Paritaprevir, HCV GT-1 (1a/1b)
Grazoprevir, Vaniprevir,Voxilaprevir, HCV GT-3
Q805I/K/L+D168E/ Asunaprevir, Simeprevir HCV GT-1 (1b)
VIY
Q80K/R+R155K* Simeprevir, Paritaprevir HCV GT-1 (1a/1b)
Q80K/R/L+D168V/ Asunaprevir HCV GT-1 (1a/1b)
Y/EY Simeprevir
QB80K+V170T Simeprevir HCV GT-1 (1a/1b)
Q80L/R/K+R155K/W Simeprevir HCV GT-1 (1a/1b)
Q80R+A156V Simeprevir HCV GT-1 (1b)
S122G/R+R155K?’ Simeprevir HCV GT-1 (1a/1b)
R155K/Q/W+D168/A/ Simeprevir HCV GT-1 (1a/1b)
N/V/H/E? Grazoprevir
Vaniprevir
R155K+1/V170T/A” Simeprevir HCV GT-1 (1a/1b)
Asunaprevir
A156V+D168V*° Simeprevir HCV GT-1 (1b)
Glecaprevir
Q80K/ Simeprevir HCV GT-1 (1b)
R+R155K+D168E
b. RASs associated with NS5A inhibitors acting on NS5A protein of HCV
K/Q/S24R/H/GIN/Q/K® Daclatasvir, Ledipasvir, Ombitasvir, HCV GT-1 (1a/1b), HCV GT-3,

HCV GT-4

M/L/FI28/IAITIVIGIMICIIIVI

Daclatasvir, Ledipasvir, Ombitasvir, Elbasvir,

HCV GT-1 (1a/1b), HCV GT-2,

F/S% Velpatasvir, Pibrentasvir HCV GT-4
P29S/DELETION?® Daclatasvir HCV GT-1 (1b)
F/M28+Y93H? Daclatasvir HCV GT-1 (la), HCV GT-2

(2a/b/c), HCV GT-3a
Q30R+H58D> Daclatasvir, Elbasvir HCV GT-1 (1a)
Q30R+H58D> Daclatasvir HCV GT-1 (1a)
A/R30K/Q+L31M+Y93H* Daclatasvir, Pibrentasvir HCV GT-1 (1b), HCV GT-3a
L31V+Q54H+Y93H Daclatasvir HCV GT-1 (1b)
L31M+P58L+Y93H*
L28I/\V+P/T58L/S™ Ombitasvir HCV GT-4 (4a/d)
K24Q+T58P+Y93H™ Ombitasvir HCV GT-4 (4d)
M28T+Q30R+L31V+Y93H® | Elbasvir HCV GT-1 (1a)

S24F+M28K3!

Pibrentasvir

HCV GT-3a
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C. RASs associated with NS5B inhibitors acting on the NS5B protein of HCV
L159F%% Sofosbuvir HCV GT-1 (1a/1b)
HCV GT-2 (2a/b/c)
HCV GT-3 (3a)
S282 RIT/G**® Sofosbuvir HCV GT-1 (1a/lb)
HCV GT-2 (2a/b/c)
HCV GT-3 (3a)
HCV GT-4 (4a/d)
HCV GT-5
HCV GT-6
C316F/H/N/Y® Sofosbuvir HCV GT-1 (1a)
Dasabuvir
L320F Sofosbuvir HCV GT-1 (1a)
V321A/13% HCV GT-1 (1a)
HCV GT-3 (3a)
S368T HCV GT-1 (1b)
A395G HCV GT-1 (1a)
MA4141/TIV HCV GT-1 (la/b)
C445F HCV GT-1 (1b)
E446K/Q HCV GT-1 (1b)
Y448C/HIR HCV GT-1 (la/b)
C451S HCV GT-1 (1b)
A553T/V Dasabuvir HCV GT-1 (la/b)
G554S/D HCV GT-1 (1a)
S556G/N/R HCV GT-1 (la/b)
G558R HCV GT-1 (la)
D559G HCV GT-1 (1b)
Y561H HCV GT-1 (1a)
S565F% HCV GT-1 (1a)
L159F+C316N Sofosbuvir HCV GT-1 (1a/1b)
HCV GT-2 (2a/b/c)
HCV GT-3 (3a)
L159F+L320F HCV GT-1 (1a/1b)
L159F+5282T HCV GT-3 (3a)
L320F+5282T HCV GT-1 (1a/1b)
L159F+S282T+L320F%® HCV GT-1 (1a)
HCV GT-1 (1b)

All DAAs exhibit higher clinical efficacy with
excellent SVR rates against HCV GT-1-infected
individuals®; however, some HCV GT-1 subtypes found
highly prevalent in West Africa have been reported with
lower SVR rates”. Two studies reported from the UK
showed that subtype 11 (most prevalent in Nigeria and
Cameroon) and some other unclassified HCV GT-1
subtypes poorly responded to DAAs®. In another study
involving a large number of participants native to West
Africa and infected with HCV GT-1 subtypes rarely
found in the UK, only 75% achieved SVR rates. In
contrast, overall SVR rates were excellent in HCV
subtypes la and 1b infected individuals®. The
therapeutic outcomes of DAAs against these HCV
subtypes from the ongoing studies in West Africa are
still elusive. In vitro, evidence of poor DAA responses
against some HCV GT-3 subtypes has also emerged in a
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Chinese study. In this single-arm phase 11 clinical trial,
non-cirrhotic HCV subtype 3b infected patients were
treated with LDV/SOF fixed-dose combination (FDC),
and 89% achieved SVR rates while for those with
cirrhosis, only 50% acquired SVR12 rates at post-
treatment. The clinical trials for DAAs outcomes in
patients infected with HCV subtype 3g are under
investigation®.

A single-arm prospective study (i.e., SHARED)
conducted in Rwanda evaluated the clinical efficacy of
LDV/SOF in adults infected with CHC genotype 4
infections®*“*. HCV GT-4 subtype 4k is found to be
highly prevalent in Gabon, the Dominican Republic of
Congo (DRC), Uganda, and Rwanda. 93% of subtype
4k infected patients achieved SVR rates with LDV/SOF
FDC¥®. The regimen was widely distributed in Sub-
Saharan Africa (SSA) in generic formulations to cure
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CHC-infected populations*. Overall SVR rates were
also found excellent against subtypes 4q and 4v (i.e.,
90% and 100% respectively). However, in silico, in
vitro, and in vivo estimates of SVR rates in a small
number of participants in European clinical trials
predicted far lower than expected (i.e. 56%; 27/48) for
HCV subtypes 4r infected individuals*:. However; the
patients infected with non-subtype 4r in the clinical trial
demonstrated higher SVR rates (i.e., 92%) in those
treated with LDV/SOF combination*. HCV subtype 4r
following 4k is predominantly found in several SSA
countries including DRC, Rwanda, South Africa,
Ethiopia, and Malawi. It has also been identified in
several HCV isolates from Saudi Arabia in recent years.
RASs responsible for HCV subtype 4r strains have also
been documented against other NS5A inhibitors (e.g.,
daclatasvir, velpatasvir, and ledipasvir-based DAA
regimens) in small numbers of participants in studies
reported from the UK and France®**!. LDV/SOF FDC
for subtype 4k or 4r infected populations, an ongoing
phase IV follow-on study (SHARED3) in Rwanda is
aimed to evaluate therapeutic outcomes of SOF and
velpatasvir (VEL) as the first line and SOF/VEL and
voxilaprevir (VOX) as the second line therapy for HCV
subtype 4k or 4r infected populations instead of
administering LDV/SOF FDC*. Other sparsely
populated but important from an epidemiological point
of view, subtypes of HCV GT-4 like 4b (DRC), 4c, 49
(DRC and Gabon), and 4l were also a part of SHARED
clinical trials. However; the SVR rates data are
scarce for other HCV GT-4 subtypes which are not
included in SHARED studies like 4e (Gabon), 4f
(Cameroon, Algeria), 4h (DRC), 4m (Egypt), 40
(Saudi Arabia), 4p Cameroon), 4s (Uganda) and 4t
(Cameroon)*“*. Among all these endemic HCV 4
subtype lineages, in vitro resistance against LDV has
been demonstrated by subtype 4b and warrants
further investigations*. Subtype 6a of HCV GT-6
responds well to pan-genotypic DAAs both in vitro
and in vivo; however, limited data from the clinical
trials highlight higher SVR rates in HCV subtype 6a
infected individuals®®. It would be of paramount
interest to evaluate the SVR rates of current DAA
regimens against other HCV GT-6 subtypes which
are predominantly found in Southeast Asia. In vitro
analysis of a study explores the emergence of triple
RAS motif in HCV subtype 6u and 6v strains against
first-generation NS5A inhibitors (e.g., DCV and
LDV)®; however, real-world clinical data
administering first and second-generation NS5A
inhibitors and newer anti-NS5A agents (e.g.,
ravidasvir) are eagerly awaited.

CONCLUSIONS

Eliminating Hepatitis C virus infection as a
public health problem by 2030 is feasible, but it will

Egyptian Journal of Medical Microbiology

take substantial efforts, hard work, resources, and
policy changes. HCV infection dynamics and its
correlation to treatment outcomes need further
elucidate both at the molecular and cellular level to
prevent HCV-associated comorbidities and for the
choice of the right treatment options. Now, we have
innovative diagnostic tools to screen HCV patients
and treatment in the form of pan-genotypic DAAS
which can cure CHC infection in more than 95% of
patients. Treatment-emergent RASs against DAAS
would be a crossing-cutting barrier to get the full
benefits of these therapeutic regimens; although pan-
genotypic DAA regimens are highly efficacious
against all major HCV GTs and epidemic subtypes.
Careful treatment considerations, up-to-date
guidelines, and recommendations for HCV
surveillance, testing, and “treat those who need it”
would be of paramount interest in vulnerable and
out-of-reach HCV populations. “One size does not
necessarily fit all”; however, worldwide HCV
elimination is within our grasp”.
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